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AB.5.T.RA.Q.I

The Code of Practice for Scientific Diving has been prepared by the 
CMAS Scientific Committee to provide scientific divers with guidance on safe 
practice under varying experimental and environmental conditions. The Code 
offers advice and recommendations on administrative practices, insurance, 
terms of employment, medical standards, training standards, dive planning, 
safety with different breathing gases and different breathing systems, 
expedition planning, and guidance for a wide range of different diving ' 
environments. Conditions analyzed include polar diving, cave diving, night 
diving, diving in the open ocean, diving in surf, diving at high altitude, 
etc. Recommendations are aiso given for the use of various potentially 
hazardous types of equipment, such as electrical systems, toxic chemicals, 
and radioactive tracers. The Code does not have the authority of law, and in 
every country the legislation will take precedence over this Code. 
Nevertheless, it is intended that this document should be compatible with 
legislation, and should help Legislators, Diving Officers, Administrators, 
Heads of Laboratories, and divers, to maintain safety at ali times. The 
methods and practices recommended are derived from professional experience at 
many Universities and Marine Laboratories. There are detailed references to 
bibliography and addresses of experts.

RESUME

. Ce recueil de règles pratiques relatives à la plongée scientifique, établi 
par le Comité scientifique de la CMAS, vise à donner aux plongeurs scienti
fiques les consignes de sécurité qu'ils doivent respecter dans divers milieux 
et diverses conditions de travail. Il contient des conseils et des recommanda
tions sur les pratiques administratives, les assurances, les conditions 
d’emploi, les normes médicales, les niveaux de formation, la préparation des 
plongées, l'utilisation dans des conditions de sécurité des différents gaz et 
systèmes de respiration . et la planification des expéditions, ainsi que des 
instructions pour la plongée dans une gamme étendue d'environnements : régions 
polaires, grottes, de nuit, en haute mer, dans les vagues, en altitude, etc. On 
y trouve également des recommandations au sujet de l'utilisation de divers 
types de matériel potentiellement dangereux, tels que les systèmes électriques, 
les produits chimiques toxiques et les traceurs radioactifs. Le recueil n'a pas 
force de loi, et dans chaque pays c'est la' législation en vigueur qui prévaut. 
Néanmoins, il a été conçu de manière à être compatible avec cette législation 
et à aider les législateurs, les responsables dé la plongée, les administra
teurs, les chefs de laboratoire et les plongeurs à veiller à ce que la sécurité 
soit assurée à tout moment. Les méthodes et les pratiques recommandées 
découlent de l'expérience professionnelle acquise dans un grand nombre d'uni
versités et de laboratoires d'océanographie. Il y a des renvois détaillés à la 
bibliographie et une liste d'adresses d'experts.
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RESUMENANALITI CO

El "Code of Practice for Scientific Diving" ha aido preparado por el 
Comité Cientifico de la Confederacién Mundlal de Actividadea Subacuâticaa 
(CMAS) para impartir a quienes practican el buceo con finea cientificoa 
orientación eh materia de aeguridad en diveraaa condicionea experimentales y 
ambientalea. Contiene aaeaoramiento y recomendacionea aobre précticaa admi
nistratives, seguros, condicionea de empleo, criterioa médicos, normae de 
formación, planificación del buceo, aeguridad con diferentea gases de respi- 
racién y diferentea aiatemaa de reapiración, planificación de expedicione3, 
aai como orientación con reapecto a numeroaoa y diversos medioa y circons
tancies en que puede practicarae el buceo -regionea polarea, cavernae, alta 
mar, rompientea; buceo noctumo y a gran altitud, etc. Ademé8 se formulan 
recomendacionea para el empleo de diveraoa tipos de equipo potencialmente 
peligroaoa, como aiatemaa electrica, sustancias quimicaa tôxicaa y traza- 
dorea radiactivos. Este Côdigo no tiene autoridad de ley, y en cada pais la 
legislaciôn tiene prioridad sobre él. Su propósito, empero, es que sea 
compatible con la legislaciôn y que ayude a legisladores, funcionarios, 
administradores, jefes de laboratório, y a Ios propios buzos, a mantener la 
aeguridad en todo momento. Loa métodos y précticaa recomendados derivan de 
la experiencia profesional en numerosas universidades y laboratories marinos. 
Figuran referencias detalladas a bibliografias y direcciones de expertos.

PE3HJME

npaBHJia noflBOEHbix norpyweHHfi: 6hjih nonroTOBjieHbi HayuHWM komh- 
TeTOM BceMHpHoft KOHÿenepaunH nonBojjHOfi .ueHTejibHocTH (KMAC) b 
uejiHX oôecneueHHH nonBojiHbix HccjienoBaTejieH yKa3aHHHMH othochtsjibho 
npaBHji 6e30nacH0CTH b pa3JiHHHbix SKcnepHMeHTajibHbix h npHponHwx 
ycjioBHHX. B npaBHJiax cojjepjKaTCH yxa3aHHH h peKOMeHnauHH othoch- 
TejTbHo ajjMHHHCTpaTHBHOft ripa KT H KH , CTpaXOBaHHH , yCJIOBHft HafiMa, 
MeflHUHHCKHX HOpM, HOpM npO$eCCHOHa JlbHOft nOflrOTOBKH, njiaHHpOBaHHH 
noflBonHbix paôoT, npaBHji 6e3onacHOCTH npn Hcnojib30BaHHH ana nwxaHHH 
pa3 JIHHHblX ra30B H pa3 JIHUHblX CHCTeM ’ JJblXaHHH, lUiaHHpOBaHHH SKcnenH- 
Uhô, a TaKJKe yxasaHHH b OTHomeHHH ranpoKoro cneKTpa pasjiHHHHX cpen, 
B KOTOpblX np0H30JIHTCH norpyîKeHHH. AHajIH3HpyWTCH TBKH6 yCJIOBHH, K3K 
nojiapHbie norpy*eHHH, cnejieojiorHuecKHe norpy«eHHH, HOHHbie norpywe- 
hhh, norpyweHHH b otkpmtom oxeaHe, norpyweHHH npn npHôottHOft BOJiHe, 
BbicoTHwe norpyweHHH h T.n. flawTCH TaKwe peKOMeHnauHH othochtgjibho 
Hcnojib30BaHHH pa3JiHUHbix noTeHUHajibHo onacHbix bhuob MaTepnajiOB h 
OÔOpynOBaHHH, THKHX, KaK SJieKTpHHeCKHe CHCTeMbI, TOKCHHHbie XHMHHe- 
cKHe BemecTBa h panHoaKTHBHbie HHnHKaTopw. npaBHjia He HMeiOT cnjiy 
3aKOHa, h b Kawnoft CTpaHe 3aKOHOnaTejibCTBo. npeBajinpyeT Han sthmh 
npaBHjiaMH. BMecTe c TeM npennojiaraeTcn, uto stot noKyMeHT nojiweH 
6blTb COBMeCTHMbIM C 3aKOHOJiaTeJIbCTBOM H JIOJPKeH OKa3aTb noMomb 3a- 
KOHOnaTejIHM, pyKOBOHHTeJIHM nOUBOflHblX HCCJienOBaHHft, aflMHHHCTpaTO- 
paM, pyKOBonHTejiHM jiaóopaTopHft h nonBOBHWM HccjienoBaTejiHM b 06e- 
cneueHHH 6e3onacHOCTH nonBOHHwx paóoT b juoôbix ycjioBHHx. PeKOMeH- 
nyeMbie MeTonw h npaKTHKa ocHOBaHbi Ha npo<J>eccHOHajibHOM onbiTe 
MHornx yHHBepcHTeTOB h MopcKHX jiaôopaTopHft. npHBOHHTCH nonpoôHbie 
c chiji KH Ha óHóJiHorpa^Hio h ajqpeca SKcnepTOB.
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i PREFACE

Thia aeries, the Unesco Technical Papers in Marine Science, 
is produced by the Unesco Division of Marine Sciences as a means 
of informing the scientific community of recent advances in 
oceanographic research and on recommended research programmes and 
methods. . ,

The texts in this series are prepared in co-operation with 
non-governmental scientific organizations. Many of the texts 
result from research activities of the Scientific Committee on 
Oceanic Research (SCOR) and are submitted to Unesco for printing 
following final approval by SCOR of the relevant working group 
report.

Unesco Technical Papers in Marine Science are distributed 
free of charge to various institutions and governmental authorities. 
Requests for copies of individual titles or additions to the 
mailing list should be addressed, on letterhead stationery if 
possible, to:

Division of Marine Sciences 
Unesco
Place de Fontenoy ’
75700 Paris, France.

\

The designations employed and the presentation of the material in this 
document do not imply the expression of any opinion whatsoever on the 
part of the Unesco Secretariat concerning the legal status of any country, 
territory, city, or area of its authorities, or concerning the delimitation 
of its froniers or boundaries. The ideas and opinions expressed are those 
of the authors and do not necessarily represent the views of Unesco.
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NOTICE

Recipients and users of this volume are invited 'to send their name and
address to:

N. C. Flemming 
Scientific Committee 

CMAS
34 Rue du Colisée 

PARIS 75008 
FRANCE

if they wish to receive notice of up-dates, revisions, reprints, etc. 
Commentary and suggestions should be sent to the same address.
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FOREWORD

National Codes of Practice for Scientific Diving have existed in 
several countries since 1970. These documents differ in their context within 
national legislation, and regional environment, and hence emphasize or omit 
different factors. Science is international by nature, and marine science 
involves frequent co-operation between ucientists from many countries. It 
was therefore logical to consider a Code of Practice for the conduct of 
scientific diving which would combine the expertise of Diving Officers, 
Administrators, Legislators, and individual divers, from different parts of 
the world scientific community.

The CMAS Scientific Committee owes a debt of gratitude to the 
experienced divers who first suggested this Code, Professor den Egstrom of 
the University of California, Los Angeles, and Dr. Nigel Mathers, then of the 
Heriot-Watt University, Edinburgh. In 1984 Dr. Michael Max, who was then 
Diving Officer of the Geological Survey of Ireland and Secretary of the 
Geology Commission of the CMAS Scientific Committee, took on the secretarial 
and administrative responsibility for editing the Code. Initially over 100 
potential contributors in 30 countries were contacted. Whilst many of the 
replies contained substantial sections (for instance Sections 5 and 11), 
other replies contained more brief comments and suggestions for new material 
and new contacts. The final list of contributors is contained in Appendix 4. 
The CMAS Scientific Committee is extremely grateful to ali those people who 
have searched their knowledge, experience, and judgement, to contribute to 
this Code.

The preliminary draft of this text was reviewed by a meeting of diving 
officers from different institutions held at Wakulla Springs, Florida, in 
November, 1986. These divers reviewed the text individually before the 
meeting, and then as an editorial team seaking consensus. These people 
deserve special thanks: Dr. J. Bozanic (Next Generation Services, Inc.,
U.S.A.); Dudley Crosson (Florida Institute of Technology, U.S.A.); David 
Dinsmore (NOAA National Undersea Research Program, U.S.A.); Dr. N.C. Flemming 
(IOS Deacon Laboratory, UK); Michael Lang (Biology Dept., San Diego State 
University, U.S.A.); R. Palmer (Dept, of Geography, University of Bristol, 
UK); Hans Roverud (University of Bergen, Norway); P. Sharkey (University of 
Rhode Island, U.S.A.); Dr. R. Sparks (University of British Columbia,
Canada); Dr. Gregg Stanton (State University of Florida, U.S.A.); Dr. B. 
Townsend (Fisheries and Oceans, Canada).

The Scientific Committee of the World Federation of Underwater 
Activities (CMAS) thanks ali those people mentioned above who helped to 
produce this Code, and acknowledges the help and advice given by many other 
people through letters or oral comments. Wherever possible these practical 
hints and observations have been incorporated into the final text.
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INTRODUCTION

I. Objectives

The international Code of Practice for Scientific Diving is designed to 
meet the following objectives:

1. To provide guidance on the safe practices in scientific diving, 
based on information and documents from experts in many countries.

2. To benefit from the specialized experience of scientific divers in 
many countries, so as to provide the best advice on diving in different 
unusual or extreme conditions.

3. To provide the basis for mutual recognition of standards between 
countries and between institutions, so that scientific divers can move more 
freely and cooperate more efficiently at an international level.

4. To create an agreed voluntary standard of reference on scientific 
diving practice, thus avoiding the necessity for restrictive legislation to 
control diving safety.

5. To provide a bibliography, references to accepted codes and 
manuals, address lists and other reference sources for scientists wishing to 
establish a scientific diving program.

6. To provide guidance concerning legislation in those countries which 
have laws controlling scientific diving.

7. To provide an ethical basis for establishing diving procedures in 
conditions where diving has never been practiced before.

8. To strengthen the international community of scientific divers, and 
to support a general approach to maintaining safety which can evolve as 
technology evolves, without the rigidity of a mandatory legal document.

II. Origins of this Code

The Scientific Committee of the World Federation of Underwater 
Activities (Confédération Mondiale des Activités Subaquatiques, or CMAS) held 
a meeting in Stockholm in 1977 to discuss the effects of national diving 
safety legislation on scientific diving in different countries. Examples of 
legislation and codes of practice were collected, and advice was sought from 
many experts. Later in 1977, during the General Assembly of CMAS in 
Brisbane, Australia, a discussion meeting on codes of practice voted 
unanimously in favour of the development of an international Code of 
Practice, which would serve as general guidance of a non*legislative, non
mandatory nature, and would be suitable for use in ali countries.

At the Scientific Symposium of CMAS in Edinburgh, Scotland, U.K. in 
1980 a start was made on drafting the contents of such a Code. In 1982, at 
the Joint Oceanographic Assembly of the Scientific Committee for Oceanic

1



Research (SCOR), in Halifax) Canada, the subject was discussed with Dr, Selim 
Morcos of the UNESCO Marine Sciences Division. In 1983 CMAS made application 
to the UNESCO Marine Science Division supported by SCOR, for financial 
support to produce the Code of Practice for Scientific Diving. Approval was 
granted.

A Code of Practice operates at a level between legislative rules and a 
diving manual. Legislation is usually written by persons trained in law, 
tends to be brief, very factual, mandatory, to concentrate on forbidding 
undesirable actions and to be deliberately general so as not to depend upon 
rapid changes in technology. A change in legislation usually takes several 
years. On the other hand, a diving manual is written by persons with 
experience of diving, is extremely technical, expounds in detail upon the 
construction and use of equipment, contains great detail upon training 
methods and techniques and may be revised at short intervals. A diving 
manual aiso tends to discuss only those diving methods which are relevant in 
the geographical area to which it applies.

This Code of Practice bridges the gap between these two kinds of 
document, by giving discretionary advice based on the wide experience of many 
experts. It seeks to give positive information on techniques which are 
useful, rather than only to forbid. Where manuals and codes already exist 
giving detailed professional information, the Code provides reference, and a 
very brief review of the subject.

This is not a theoretical treatise. Each section of the Code has been 
drafted by a person or persons who have practical experience of the system 
and particular conditions described. The names and addresses of contributors 
are listed in the Appendix 2. The entire text has been revised at several 
meeting of groups of experts, and by the editors. No section should be 
attributed to any one author.

III. Contents and limitations.

The contents of this Code have been selected by examination of existing 
national and institutional documents, combined with special topics suggested 
by experienced scientific divers, pius consideration of the unique problems 
which arise from designing a text to be used internationally.

Wherever possible the views expressed in this Code are designed to be 
compatible with the treatment of the same topic In existing documents. In no 
sense is this Code intended to replace or supercede the more detailed 
treatments given in technical manuals. National legislation in any country 
takes precedence over recommendations and advice in this Code.

. This Code does not apply to diving operations performed solely for 
sport or recreation.

This Code does not apply to commercial or industrial diving operations 
conducted in connection with construction, offshore petroleum, engineering, 
harvesting, cultivation or any other forms of commercial underwater work and 
employment.
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This Code does not contain information on scientific methods or 
techniques which can be used in the application to specific scientific 
problems underwater.

The first aid procedures discussed in this Code are not exhaustive and 
are not intended to replace first aid manuals.

IV. Liability for use. '

The information given in this Code is given in good faith, and is based 
on the best experience available at this time. No liability can be accepted 
by the Confédération Mondiale des Activités Subaquatiques, its component 
bodies, officers or agents, or the contributors, or by UNESCO for any loss, 
damage or injury suffered directly or consequently as a result of any diving 
activity or any related activity during which this Code was being used. 
Notwithstanding the professional and accurate information provided in this 
Code, many sections describe techniques that should not be attempted without 
consultation with the references cited. It is advisable to contact 
scientists who have already used these techniques in their research. The 
information contained in this Code consists of summary guidelines, and a 
reference to sources. It should not be treated as sufficient on its own as a 
manual to conduct diving operations.

In publishing the information set forth in this Code, the CMAS assumes 
no liability not otherwise imposed by law. Each diver is assumed in the 
context of this Code to be voluntarily performing activities for which he/she 
assumes ali risks, consequences and potential liability, unless otherwise 
agreed by contract with the employer of the diver.

V. Notes on terminology

Whatever the circumstances, the basic principle adopted in this Code is 
that existing practice and codes should be adhered to wherever possible. The 
recommendations of this Code are largely supplementary to other documents so 
as to provide safe regulations in ali circumstances.

In the drafting of each section of this Code it is assumed that ali 
other relevant sections are aiso being complied with; that Is, that divers 
have been trained to the required level on the equipment to be used, and that 
where two or more special conditions apply, e.g. under lee and in a remote 
area, the recommendations of both sections will be followed.
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The terminology in the Code has not been standardized rigidly, since 
agreed definitions of many terms do not exist, a^d it would be arbitrary and 
cumbersome to attempt this task. However, various phrases are used where 
instructions or recommendations are given, and should be interpreted as 
follows ;

MUST - There are no circumstances under which this recommendation may 
be ignored, e.g. Section 7.6; "Diving MUST be conducted in accordance with a 
recognized Navy Diving Manual".

WILL/SHALL • Other than in exceptional circumstances this 
recommendation should always be followed, e.g. Section 6.1.2; "Ali diving 
equipment SHALL be inspected by the diver for proper functioning at the 
beginning and end of each diving day".

SHOULD - Normal diving practice requires that this recommendation be 
obeyed but there may be circumstances in which it is appropriate to relax it, 
e.g. Section 6.3.4.3. "The fullest possible report SHOULD be compiled by the 
Dive Marshal and submitted to the Diving Officer".

CAN/MAY - Scientific diving may well benefit from employing this 
technique, e.g. Section 7.8; "Oxy-nitrogen mixtures MAY be used to provide 
longer endurance with a compact set at greater depths than those attainable 
with oxygen".

SHOULD CONSIDER - A helpful hint that may indicate only a personal 
preference.

Technical terms, abbreviations, and acronyms used in this text are 
defined in Appendix 14.

Ali measurements, especially depth, are referred to in meters, and 
other SI units where appropriate. Measurements in feet, used for instance 
with reference to the U.S. Navy air decompression tables, are aiso referred 
to in the metric system where appropriate.

At several points in this Code there are references to equipment, 
boats, proprietary drugs, and other items' described by proprietary or brand 
name. This has been done only in order to give specific examples, or to make 
the discussion clear. Such references do not imply any approval, 
endorsement, recommendation, or condemnation of any product or material.

Spelling, in general, follows North American usage.

Numbers in brackets (8.3.28.) in the text are cross-references to other 
sections in this Code.
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SECTION 1. INTERNATIONAL LAW OF THE SEA

1.1. United Nations Convention, Limits of Jurisdiction & Council of Europe.

In 1982 the United Nations Convention on the Law of the Soa (UNCLOS) 
(The Law of the . Sea, Official Text 1983, published by Croom Helm, and 
St.Martin's Press, for the United Nations) was signed in Jamaica. The 
Convention document has to be ratified by national legislatures before it 
becomes international law, but in the meantime it may be regarded as a norm 
to which many countries adhere in principle, in whole or in part.

There are no specific references to diving at sea in UNCLOS but there 
are many references to the conduct of marine scientific research. When 
scientists from one country conduct research on a ship which enters into the 
Exclusive Economic Zone (EEZ) or the Territorial Sea of another country, 
there are many obligations concerning notice of intent to conduct research, 
offer to accept observers, and sharing the data which result. Much diving 
research is conducted from the shore, and when diving is conducted in foreign 
countries, scientists often work in collaboration with colleagues from the 
laboratories of that country. When direct collaboration is not involved, 
there may still be a requirement to obtain permits to dive from the civilian 
or military authorities.

The key point to note is that the UNCLOS requires that, even if you do 
not land or enter within territorial waters, you should obtain permission to 
conduct diving research if you are within an EEZ, which commonly has a width 
of at least 200 miles.

Outside the EEZ the waters are international High Seas, and the 
obligations of scientific divers are the normal ones of prudence and safety. 
The legal regime will be determined by the flag of registration of the 
vessel. •

_ I
There are sections of UNCLOS relating to marine archaeology (Articles 

149, 303). Article 149 describes artifacts found in the International Areas 
of the seabed. Article 303 encourages states to enforce national legislation 
on the protection of submarine cultural artifacts out to a distance of 24 
miles from their coasts.

Council of Europe. The Council of Europe has drafted a Treaty on the 
Protection of the Underwater Cultural Heritage. The membership of the 
Council of Europe extends from Sweden and Norway to Spain and Turkey, 
including ali the coasts of Europe with the exception of Albania. The Treaty 
requires the strict reporting of any archaeologic finds, and very strict 
control of site disturbance, which must be supervised by officially appointed 
or approved archaeologists. If in doubt, documents can be obtained from the 
Council of Europe, Strasbourg, France.
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Several national organizations produce diving training qualification 
records (2.7) or Identity cards which are recognized beyond their national 
boundaries. The American "C" card, which Is issued by several certifying 
agencies, is widely recognized as a sports diving qualification. Some large 
scientific laboratories and university marine science departments, especially 
in the USA, run their own scientific diving programs, and issue recognized 
qualification documents. Specialized groups, such as cave diving groups, 
provide qualification records that are specialized and restricted only to the 
relevant kind of diving or environment. At a truly international level CMAS 
produces certificates which are linked to national standards by a procedure 
of equivalence. This is restricted primarily to sports diving training using 
scuba equipment, (See Appendix 13), although the 3-Star standard is accepted 
as suitable for scientific diving in almost ali countries.

Since the conditions of work, insurance (2.5) and legal liability are 
different for an employed person, as opposed to a sports diver on vacation, 
CMAS introduced in 1980 a certificate for Scientific Divers (4.12; Appendix 
IO). This certifies internationally that the holder is authorized to work as 
an employed scientific diver in a place of research in their country of 
origin. The Scientific Diver Brevet is only issued to a diver who already 
holds the CMAS 3-Star Diver qualification. Countries which have a very 
strict regime of legal and insurance requirements for scientific diving may 
not regard the CMAS Scientific Diver card as sufficient proof of status. 
However, the card is an international guarantee of one simple fact: the 
holder is authorized to dive at work as a scientist in the country of origin. 
That guarantees a certain minimum status, after which further enquiries may 
clarify special details. Application forms for the Scientific Diver Brevet 
can be obtained from: CMAS, 34 rue du Colisée, Paris 75008, France.

1.2. International Recognition of Diving Training Certificates

1.3. Cooperative Projects.

Some of the most effective diving research programmes have been multi
national. In the planning of such a project it is vital to ensure that such 
aspects as legal responsibilities and liabilities are fully understood, and 
that ali parties know what legal regime . applies in the area of work. 
Insurance standards should be clearly stated, both personal accident and 
third party liability.

In the planning of multi-national projects, due regard must be paid to 
the probability that divers will be used to different types of equipment and 
methods of use. Time should be allowed for familiarization. It is essential 
that the Dive Supervisor in charge of on-site diving and the Diving Officer 
of the host establishment make clear to ali divers what rules and Code of 
Practice(s) are to be used. This is especially important when divers from 
several institutions or countries join to work on a research ship. There 
must be formal briefings to establish the rules to be used and, if necessary, 
practice dives together, no matter how experienced the individual divers. 
The hallmark of a good scientific diver is an ability to support the diving 
team and improve its productivity by increased teamwork and efficiency, not 
to promote small, procedural points of particular diving practice.
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SECTION 2. NATIONAL LEGAL ASPECTS ANO ADMINISTRATION

2.1. Introduction

The purpose of this section Is to describe and compare briefly the 
legislative regimes In a few countries. The subjects raised, and documents 
referred to, cannot be exhaustive, but they Illustrate the topics which are 
the subject of legislation in many countries. In countries where no 
legislation at present controls the standards of either working diving or 
sports diving, the documents referred to here may serve as guidance as to 
what standards are desirable, and what would be excessive. A fuller review 
of these topics Is given by Flemming (1985).

Regulations concerning diving safety and training are designed to apply 
to nationals in each country. Regulations do not usually contain any 
specific reference to the qualifications required of visiting divers from 
other countries. It is reasonable to assume that host institutes will check 
that visitors' standards are comparable with their own, and in many 
institutes there are established procedures and forms for making these 
checks. Foreign diving teams working without a host organization will 
probably dive according to their own regulations. In these circumstances 
they should still check to make sure that their practices will be compatible 
with those of the host country.

Traditionally most countries have only had diving laws which protected 
antiquities, or installations of a military nature, banned spearfishing, or 
controlled access to marine parks. In the last ten years, statutory 
regulations have been introduced in many technically advanced countries, 
controlling the standards of diving training and safety. This is 
particularly true of France, Britain, Scandinavia, South Africa, Australia, 
Germany, and USA. The legislation has often been introduced rather 
hurriedly, and then modified. Since legislation designed to control 
commercial diving in offshore oil fields concerns quite different techniques 
and equipment from those used by scientists, such legislation is usually 
inappropriate when applied to scuba diving for research purposes. In several 
countries, scientific representatives have succeeded in obtaining complete 
exemption from commercial diving legislation, or at least partial exemption.

The legal situation tends to be complex in the technically developed 
countries, and changes from year to year. Scientists working outside their 
own country should enquire as to whether there are any statutory regulations 
about training levels, conduct of dives, medical standards, equipment, and 
insurance etc. Scientific divers from many countries have been In contact 
with CMAS, and there is a general awareness of the problems caused by 
inappropriate legislation.

2.2. Examples of National Legislation

National laws applicable to diving are usually sub-sections of wider 
legislation. Thus, diving regulations may be enforced as part of the 
regulation of offshore oil production, as part of the construction industry, 
as part of general safety regulation of factories, or as part of universal
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safety regulation. It follows that the population to whom the regulations 
apply will differ from case to case. In one country diving In Inland waters 
and coastal waters may be controlled, but not outside Territorial Limits. In 
another country, diving will be controlled If one Is working with the oil 
Industry, but not otherwise. Yet again, diving may be controlled If one Is 
working for a salary, but not If one Is an amateur or unpaid volunteer.

Host regulations specify standards of training and experience, but not 
a necessary route for obtaining the standard. Only Britain, Germany and 
South Africa at the date of writing this Code actually require that working 
scientific divers attend training schools which are approved by a government 
agency, and every training certificate Is checked by a government agency. 
Britain has now successfully exempted this requirement for Scientists and has 
reinstated sports diving standards as the recognized diving qualifications. 
In most countries sports diving training Is accepted as sufficient for 
scientific diving using scuba, provided that employing Institutions have an 
adequate supervisory program.

The following examples of legal documents applying to diving are given 
in alphabetical order by country. The comments are Illustrative only, and 
should not be taken as an interpretation of the law. The original documents 
must be referred to.

Australia. To date there are no legislative requirements aimed 
specifically at scientific divers.

Australia is a federation of six states and two territories, ali of 
which have constitutional authority to legislate on matters affecting 
conditions of employment, fisheries, coastal navigation and maritime matters, 
historic shipwrecks, parks and inland waters. Additionally, the Federal 
Government has responsibilities for navigation, declared historic shipwrecks, 
national parks, resources and fisheries.

Legislation exists in some states as to the qualifications and 
registration of 'working divers', which could include divers employed on 
scientific work. It is necessary under the various employment awards for 
minimum wages and conditions to apply to some categories of employed divers. 
This includes workers compensation cover.

Some equipment, including cylinders and valves must meet the standards 
of the Standards Association of Australia, Australian Standard Rules for 
Underwater Breathing Operations, 1976 and State legislation.

Host universities and research organizations utilizing divers have some 
form of Code of Practice; possibly the best known is the Code of the Great 
Barrier Reef Harine Park Authority. It would be difficult for a diver in 
Australia to hire equipment or have cylinders filled if a recognized diving 
qualification could not be produced. A CMAS 2-Star brevet or higher would 
normally be recognized but a check-out dive may be requested.
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There is currently a code for basic diver qualifications, with a 
follow-on unit for scientific diving being drawn up by the Sub-Aqua 
Association of Australia (SAA). Within two years this code could be expected 
to be enforced by State legislation.

Austria. There are no special laws and restrictions for scientific 
diving in Austria. Regulations are the same as for sports divers. A 
scientific diver must be CMAS 2-Star or higher.

Diving is forbidden at some local archaeological sites and in private 
lakes. Every diver must obtain permission from the local residents or the 
"Bundesdenkmalamt" for archaeological sites.

Britain. The Merchant Shipping (Diving Operations) Regulations, 1975.
S.I. No. 116 (applicable on British ships outside territorial waters and 
foreign ships within British waters)

Health and Safety at Work (Diving Operations) Regulations 1981. S.I. 
399 (applicable to ali divers anywhere in inland waters or at sea, on oil 
rigs, etc., within territorial waters or on the UK continental shelf, 
provided that the divers are self-employed or working as paid employees. 
Amateurs are excluded).

The Merchant Shipping (Diving Operations) (Amendment) Regulations 1976.
S.I. 2062. (This excludes scientists and archaeologists from the Merchant 
Shipping (Diving Operations) Regulations 1975.

Note: The Health and Safety Regulations are the most important, and 
these lay down standards of training, certification, the appointment of dive 
supervisors, medical standards and procedures for the conduct of dives. Only 
doctors approved by the Employment Medical Advisory Service are entitled to 
give medical certificates to working divers. Exemptions are in force to 
permit groups of divers to be made up of both employed and amateur divers 
conducting scientific research, and an amateur diver of suitable experience 
is permitted to supervise a dive conducted by an employed diver. The minimum 
training standard for a working scientific diver is BSAC Advanced Diver or 
CMAS 3-Star. That is to say, sports diving standards are accepted and 
recognized as sufficient for a working scientific diver using scuba.

Canada. Canadian Standards Association, CSA Standard 2275.2 
"Occupational Safety Code for Diving Operations".

Note: These standards are being gradually adopted province by 
province. The Canadian Association for Underwater Science is pursuing the 
sarae policy as the American Academy of Underwater Sciences, and is seeking 
complete exclusion for scientific'diving, on the grounds that the standards 
are only appropriate to commercial and industrial types of diving.

Chile. Diario Official de la Republica de Chile, May 1984, no. 31.876, 
Titulo IV et. seq. "Del Déporté Submarino".

"Reglamento de Buceo para Buzos Profesionales", Reglamento 7-54/4, 
Armada de Chile, Direccion General del Territorio Maritimo y de Marina 
Mercante, 1982.
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Noto: The regulations recommend the use of the U.S. Navy decompression 
tables, and include depth limits on different types of equipment, medical 
standards, etc. Frequent reference is made to the need to consult or refer 
to the Maritime Authorities.

France. Ministère du Travail, Mésures particulières de protection 
applicables aux scaphandriers, 1977.

Centre National de la Recherche Scientifique, Inspection Générale de 
l'Hygiène et de la Securité: Instruction Technique sur la Securité lora des 
Plongées Subaquatiques, 1978.

Note: French legislation applies to employed divers. Regulations 
apply to three classes of diver, qualified to dive to 30m, 50m and greater 
than 50m. Maximum permitted depth on compressed air is 60m. The regulations 
specify a detailed set of decompression tables based on repeat dives and a 
range of surface intervals. French marine research stations have individual 
codes of practice and regulations to control the standards of diving within 
the general standards laid down by law, and by the CNRS. There is a strong 
move (1985) to increase cooperation and communalize standards between 
laboratories.

Germany. Richtlinien für den Einsatz von Forschungstauchen, 
Hauptverband der gewerblichen Berufsgenossenschaften, 53 Bonn 1, Langwartweg, 
103 (ZH 1/540). This document describes regulations for scientific diving, 
and lists the following official documents: Working diving operations, VBG 
39; Light diving apparatus, ZH 1/237; Construction of buoyancy equipment for 
divers, ZH 1/541; Saturation diving from underwater habitats, ZH 1/516. Aiso 
listed are accident prevention regulations: Compressors, VBG 4; Pressure 
vessels, VBG 17; Floating apparatus, VBG 40a; Gases, VBG 61; Oxygen, VBG 62.

Note: German diving regulations are very strict, with a strong 
requirement for on-site recompression facilities, government approved 
training qualifications, etc. There is a strong requirement for surface 
tended lifelines. There is strict segregation between amateur and working 
diving groups. There have been several research habitats developed in 
Germany using government research funds, and a great deal of experience has 
been obtained in the operation of these systems. There are three separate 
sets of laws applying to sports diving, professional industrial diving and 
scientific diving.

Ireland. Irish Diving at Work Act, 1984 which refers to the Irish 
Factories Act revised 1982. This regulates diving on a factory site which 
for the purposes of industrial diving is all-inclusive. Scientific diving is 
specifically excluded by the Irish Department of Labour from these 
regulations.

Note: Health and Safety legislation which may bring scientific diving 
under government regulation in much the same way as in Britain is currently 
being written but will probably be indefinitely postponed because of the cost 
to industry of implementation of Health and Safety legislation which will, by 
its nature, be moré all-encompassing.
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Amateur and professional scientific divers commonly work together, and 
joint projects involving sports divers in scientific projects controlled by 
full-time diving scientists have been organized both by individual 
universities and the Science Officer of the Irish Underwater Council. Local 
government funds have been used to partially defray costs of at least one 
major scientific project studying pollution in Dublin Bay (Clarke et al. 
1986). The Irish Underwater Council considers that selected divers having 
suitable sports diver qualifications are covered under the general insurance 
policy carried for club divers while involved in organized and approved 
scientific diving projects. •

The Shellfish Act prohibits divers taking shellfish for any purpose 
including scientific without a special licence form the Department of 
Fisheries.

Italy. No laws at present restrict the practice of scuba diving. 
However, insurance is a serious problem for people working whilst diving, and 
cover can be provided through the Centro Italiano di Richerche e Sciencia 
Subaequa!. New legislation is under discussion. Amateur and professional 
cooperation is encouraged.

The Netherlands. The Netherlands does not yet have generally 
applicable laws or regulations on diving activities of scientific and sports 
divers.

General: Legal provisions covering professional diving activities 
have, however, been in preparation for a considerable time. These provisions 
will supplement the general laws on working conditions, which inter alia 
contain rules on safety and health. The first draft for legislation on 
diving aiso takes into account EEC guidelines in this field (Hines Safety and 
Health Commission). It may be assumed (late-1986) that it will be some 
considerable time yet before this legislation on diving will come into force. 
Information on this (future) legislation may be obtained from: Directoraat 
Generaal van de Arbeid, Postbus 69, 2270 MA Voorburg, The Netherlands (Tel. 
070 694001).

Zeeland regulations: In 1980 the Province of Zeeland drew up 
regulations prohibiting diving as a sport in Zeeland waters without a permit 
issued by the provincial authorities. Persons who can prove that they dive 
in Zeeland for scientific or other professional purposes do not need this 
permit. Information on the Zeeland diving regulations can be obtained from: 
Provinciale Griffie Zeeland, Postbus 42, 4330 LA Middelburg, The Netherlands 
(Tel. 01180 31011).

F-inding_o.b_1.e.C-ts_under__water that_have_an—archeological_value: In 
principle, the Dutch Monuments Act aiso applies to the territory under water. 
This act provides that finds with a scientific or historical value have to be 
reported to the competent authorities (usually the local mayor or the town 
office). Further, the act prohibits digging for objects with a scientific or 
historical value without a permit. Information on searching for, or finding, 
historical or archeological objects underwater can be obtained from: 1. 
Rijkscommissie Oudheidkundig Bodemonderzoek, Kleine Haag 2, 3811 CD 
Amersfoort, The Netherlands (Tel. 033 12648); 2. Drs Thijs Maarleveld,
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Ministerie van W.V.C., Postbus 5406, 2280 HK Rijswijk, The Netherlands (Tol. 
070 949393).

Voluntary Code of .Practice: The N-derlandse Onderwatersport Bond 
(N.O.B., Dutch Underwater Sport Association), a member of CMAS, has drawn up 
safety regulations that are binding on its members. The N.O.B. has addresses 
of members who can give information on archeological, biological and other 
scientific aspects of diving in the Netherlands. The address of the office 
of the N.O.B. is: Nassaustraat 12, 3583 XG Utrecht, The Netherlands (Tel. 
030 517014).

New Zealand. Department of Labour, Safety in Construction, no. 15, 
Code of Practice for Underwater Diving. This is a guidance document, not a 
regulation. Shown here rather than in (2.4) because it is promulgated by a 
government agency. Actual legislation and regulations concerning diving are 
scattered through the Construction Act; Construction Regulations; Fisheries 
Regulations; Merchant Shipping Act, wreck and salvage of ships and aircraft; 
Mining Act; Petroleum Act; Antiquities and Historic Places Acts. The 
Underwater Association Code of Practice for Scientific Diving, 2nd edition, 
has been widely used in New Zealand.

Norway. A draft on revised regulations on inshore commercial diving is 
presently being circulated in Norway (1987). In its present form the 
regulations require underwater communications for ali commercial diving and a 
chamber on location whenever dives are conducted to a depth below 24 meters. 
As a reason for the new regulations, the national labor commission lists 
safety as well as ensuring that commercial divers as a trade group will not 
be deprived of jobs as a result of sports divers accepting assignments for 
lower fees than their professional counterparts.

The authorities will legalize sports divers on commercial assignments 
by requiring that the divers hold a 'class 1' commercial diver's licence 
issued by the Norwegian State's school of commercial diving to perform as 
commercial divers.

It is still not clear whether diving instructors and scientific divers 
may be exempted from the new regulations., Scientific divers are, of course, 
no threat to the commercial labor force, but Norwegian authorities are 
reluctant to grant any exemptions at ali. Commercial ?.vers have stated that 
if they have to comply with strict regulations they iii not see any other 
group getting preferential treatment, it is evident that this attitude is 
motivated primarily by the desire to form and perpetuate a monopoly. There 
seems to be little public interest in the scientific divers' situation. The 
Norwegian Sports Diving Association (Norges Dykkeforbund) is trying to 
protect the rights and interests of scientific divers and sports diving 
instructors. Semi-professionals may not be strongly affected since the 
regulations will be hard to enforce on the extremely long and remote 
Norwegian coastline.

Sweden. To date there are no legislative requirements aimed 
specifically at scientific divers. There are different local safety codes in 
practise throughout the country but they vary in important respects. This 
has created insurance problems for institutions.
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Thcro la an authority appointod by the government for legislation of 
diving certification. Tho authority is organized within tho Swodish Navy and 
shall, on request, cortify divers who meet the demands of identified levels 
of diving education in Sweden. Tho three levels are related to: 1. Tho 
Contracting industry, 2. The Salvage industry, and 3. Scientific diving.

Scientific diving training did not start until 1986. The training 
course is of a six week duration. Certification of scientists who are 
currently diving in the course of their work is part of an early transitional 
period in the training schedule. It is proposed that diving training will bo 
adopted and incorporated into the Swedish universities’ notes system.

A national safety code for scientific diving is under revision and 
should be presented in its new form in 1989 or 1990. A preliminary code is 
available from the University of Gothenburg.

Presentation of diver certification from any national or international 
body, especially the CMAS Scientific Diver Brevet, should give a visiting 
diver access to scientific diving in Sweden.

South Africa. Department of Labour., Factories Machinery and Building 
Work Act, 1941, Diving Work: Diver-Scientists, Chapter VII of the 
Regulations, Code of Practice for Research Diving. South Africa Bureau of 
Standards.

Note: South African regulations were negotiated fully with the 
cooperation of the scientific diving community. The scientific divers are 
represented by Barologia, the Association of Diving Scientists. The 
regulations make it difficult for amateur and employed groups to work 
together in the same team, but two self-contained teams may cooperate.

United States of America. Occupational Safety and Health 
Administration (OSHA), Department of Labour, Part 1910 of 29 CFR, Subpart T, 
Commercial Diving Operations. (See Federal Register, July 1977, v. 42, n. 
141, p. 37650-37676, Final Standard.) The text of exemption covering 
scientific diving is contained in the Federal Register V. 47, no. 228, 
Friday, November 26, 1982, Rules and Regulations, p. 53357-53365. There is a 
later amendment of January, 1983. Those requiring more information should 
contact the Secretary of the A.A.U.S., 947 Newhall Street, Costa Mesa, 
California, 92627, USA.

Note: The American Academy of Underwater Sciences has, obtained 
exclusion for scientific divers from the OSHA Regulations. Most major 
universities and marine institutes have very thorough and practical codes of 
diving training operated at institutional level. Divers visiting American 
institutes from abroad will usually have to satisfy training, legal and 
medical standards, established by the institution where they are going to 
work. To operate under the exemption OSHA requires that 'Scientific diving 
be under the direction and control of a Diving Program utilizing a Diving 
Safety Manual and a Diving Control Board meeting certain specified criteria'
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2.3. Discussion

Scientific diving has an extremely good safety record, and there is no 
evidence that accidents or fatalities were frequent before legislation was 
introduced in any country, or that accidents have increased or decreased 
after legislation was introduced. (See Flemming, 1981, for analysis of 
diving accidents in Europe and Schenk & McAniff (1975) and Sharkey & McAniff 
(1982) for accidents in the U.S.A.): It follows that legislation should 
serve the purpose of guaranteeing the status quo. rather than effecting major 
changes in practice. Where legislation exceeds this level of restriction, 
the monetary cost of scientific diving increases, work is delayed and safety 
may even decrease as divers perceive that the regulations are generally 
irrelevant and unenforceable. For a comparative discussion of national 
legislation see Flemming (1985).

2.4. Examples of Codes of Practice

In several countries there are important documents providing guidance 
on diving practice at a level of recommendation, rather then mandatory 
legislation. These documents are usually designed in a very positive way, 
providing interpretation of legal matters, and advice on diving in sea and 
freshwater conditions found in that country.

Britain. The Code of Practice for Scientific Diving, edited by the 
Underwater Association for Scientific Research, published by the Natural 
Environment Research Council. Third edition, 1979. (Fourth edition in 
preparation).

Canada. Canadian Association for Underwater Science, Standard of 
Practice for Scientific Diving. Draft, February 1984.

Italy. CNR (1980) Normative di Sicurezza per l'lmmersione Scientifica. 
(DeStrobel and Colantoni (1984) SACLANTCEN Code of Practice for Scientific 
Diving.

South Africa. South African Code of practice for Scientific Diving, 
published by Barologia, Department of Oceanography, University of Capetown, 
Rondebosch 7700 (adapted from 2nd ed. of the Underwater Association Code of 
Practice, by permission).

U.S.A, American Academy of Underwater Sciences, Standards for 
Scientific Diving Certification and Operation of Scientific Diving programs, 
1984.

Woods Hole Oceanographic Institution, Diving Safety Manual, 1983.

NOAA Diving Manual. 1979. J.W. Miller (ed). US Government Printing 
Office.

Minimal Standards for Scuba Diving Certification and Operation of Scuba 
Diving Programs, 1981.- California State Universities and Colleges.
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Narragansett Bay Campus Research Diver's Manual. 1985. University of 
Rhode Island.

Noto: These documents are just a few of those prepared by major 
universities and research institutes. Many sections of these institutional 
documents are deliberately phrased to be as similar as possible, and to 
comply with the minimum standards of practice for scientific diving as set 
out by the A.A.U.S.

2.5. Insurance

Divers carrying out scientific work underwater should be insured.

2.5.1. Introduction

Insurance legislation differs widely from country to country, and 
between government organizations and private organizations. Employed divers 
may be covered automatically by virtue of their employment, in some cases.

Institutes, university departments or groups of divers who are, or wish 
to be insured commercially, should arrange consultation between their 
insurers, the administrators and the scientists responsible for diving 
activities to ensure that adequate insurance cover is provided.

The following points are relevant to such consultation:

1. Size and training standard of the diving team.

2. Medical examination standard.

3. Code of practice or regulations followed.

4. Operating areas and depths.

5. Apparatus and techniques involved.

6. Equipment maintenance standards.

7. Liaison with marine insurers if research vessels involved.

8. Compliance with statutory regulations where necessary.

It is the institute's responsibility to take ali reasonable precautions 
against accidents during diving activities. This demands standards of 
medical fitness and training, adherence to an approved Code of Practice and 
the provision and maintenance of suitable equipment.

In ali institutes diving is a voluntary activity and In some institutes 
divers are required to sign a disclaimer to that effect. This serves firstly 
to draw the individual's attention to the demanding nature of the duty 
undertaken and secondly to indicate that the diver knowingly waives some 
rights. The individual can only press a claim against the institute by
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proving negligence on its part. The diver is entitled to refuse to diva 
under any circumstances in which there is reason to believe that there is 
evidence of negligence, for example the provision of defective equipment.

Since the individual has little chance of a successful claim against 
the institute in the event of an accident occurring if ali reasonable 
precautions have been taken, the diver is strongly advised to take out 
personal accident insurance. This and ali other policies such as life 
insurance and mortgage protection policies should have specific endorsements 
for diving risks in connection with employment, whether paid or unpaid, added 
to the policy document. Under certain circumstances it may be possible for 
the employing institution to reimburse divers for the excess premium required 
to obtain or maintain the usual life insurance policies on a personal basis.

Scientific diving associations such as AAUS, CAUS, UASR, CIRSS, etc. 
provide advice on insurance for divers.

2.5.2. Classes of risk

Several different classes of risk and liability should be considered, 
not necessarily in order of importance.

1. Liability of the employer for claims against the employer by an 
injured diver or their dependent(s).

2. The liability of the employer for claims against the diver by 
employees or the general public arising from diving accidents.

3. The liability of any diver for claims against the diver by other 
divers or members of the public arising from diving accidents.

4. Personal accident insurance for individual divers compensating them 
or their dependents for accident or loss of life caused by diving while 
employed.

5. Personal accident and third party liabilities arising from boat
handling, which is not usually included in a diving insurance arrangement.

2.5.3. Standard group insurance policies

Sports diving organizations and national diving federations often 
provide third party public liability insurance for their members as part of 
the membership rights, the cost being part of the subscription fee. Personal 
accident insurance can usually be obtained through agents who are familiar 
with diving risks. In both cases, these policies become invalid if the diver 
undertakes paid or professional work for profit.

For this reason, some scientific diving associations have negotiated 
group insurance to cover scientific work only. Examples are the CIRSS in 
Italy and thé Underwater Association for Scientific Research (UASR) in
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Britain. In both cases, a member of the association receives insurance cover 
whilst employed in scientific diving activities. For addresses of scientific 
diving associations, see Appendix B.

2.6. Equivalent job titles

Detailed descriptions of responsibilities or personnel will be given in 
Section 3 but a broad equivalence of titles is important for legal purposes 
and insurance evaluation and is thus relevant here. The titles of people 
responsible at different levels vary from country to country but the overall 
structure is consistent. The titles and structure listed below will only 
apply in larger institutes or departments, and in smaller establishments some 
of the roles can be combined. The job titles illustrated below have been 
chosen from the line-management structures in several countries, and are 
shown as examples (Table 2.1).

In general terms Level 1 is the ultimate legal and employing authority 
in the organization. Level 2 is the senior individual, individuals, or 
committee responsible for overseeing diving training and safety. Level 3 is 
the responsible administrative officer charged with carrying out the policies 
and directives of the Diving Control Board. Level 4 is the professional 
technical expert responsible for ali technical, administrative and personnel 
aspects of diving training and safety. Level 5 is the person responsible for 
diving safety and conduct at any particular dive site. Level 6 describes the 
diver who is in charge underwater when a buddy pair dive together. Level 7 
describes the diver at work. Level 8 is a diver whose training has been 
approved, but is not yet complete.

2.7. Qualification records and Authorization to diva

Certification of the diver's training courses, medical examinations and 
diving records should be in an officially recognized diver's record card or 
log book. In a few countries these log books must contain records of every 
dive with specified details required by law. In most countries, a sports 
diver style of log book is sufficient.

. With regard to training records the following items should be recorded 
and signed or approved with the appropriate stamps and dates:

1. Senior officer's approval to undertake diving course.

2. Signature of a voluntary declaration form

3. Médical examination and X-rays passed prior to first dive

4. Theoretical written examination passed.

5. Fool examination passed, or shallow water tests.

6. Open water basic training with scuba completed.
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7. Open water practice period as a Trainee diver completed.

8. Authorization to dive.

In some countries or institutions diving authorizations are depth 
limited at intervals, and may expire if dives are not completed by regular 
dates. These systems are effective where it is a simple matter for divers to 
obtain dives in deep water in order to keep in date, but may result in 
unnecessary journeys and expense when an institute is located far from deep 
water. In the latter case a work-up dive schedule is preferable before each 
major diving project (4.9.1; 4.9.2; Table 4-1).

2.8. Pay

Some institutions or organizations provide a pay bonus or supplement 
for scientists who dive in the course of their work. This practice does not 
compromise the general principle that scientific divers are employed 
primarily as scientists, and that diving is only a voluntary element in their 
research programmes. In some countries the acceptance of diving pay may 
change the legal status of the diver.

Supplementary pay schemes are usually based on either:

1. A proportion of the scientist's daily pay added to each day on which 
diving takes place.

2. A sum proportional to the number of atmospheres X minutes for which 
the diver is either actually underwater, or fully kitted up on the surface 
before and after a dive.

3. A fixed sum which is intended to compensate the diver for discomfort 
or outdoor time or additional personal costs incurred.

2.9. Volunteers

Employed/working scientific divers may frequently dive in company with 
volunteer assistance or teams in the following circumstances;

1. Where an employed teacher or supervisor dives with students in the 
course of scientific tuition or research.

2. Where students or amateurs volunteer to join a selected team to 
conduct research and assist a professional research worker.

In these cases the amateurs/volunteers should ' be regarded as if they 
were temporary employees, and their diving should be conducted according to 
the same Code of Practice and laws as those applying to the 
institute/university/employer. The only exception may be the legal
requirement to have attended specific courses of training relevant only to 
employed divers. This protects the institution from the allegation that it
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is allowing amateurs to dive in an unsafe manner whilst utilizing their 
labour and goodwill.

3. Where a professional researcher or scientist supervises members of 
a club or voluntary group who have offered to do environmental studies in the 
region where they normally dive, and ask for scientific advice.

4. Where amateur divers discover an archaeological site, and are 
supervised by a visiting professional.

In these cases diving will almost certainly be conducted to the normal 
standards of sports diving, and be covered by sports diving insurance. 
Neither the visiting professional, nor their employing institution takes 
responsibility for the diving training standards, conduct of dives, choice of 
dive sites or times of dives.' The visiting professional scientist should 
make sure that their own diving practices are compatible with those of the 
amateurs, and that their insurance is not invalidated by diving without 
professional companions.

It cannot be stressed too strongly that the above examples are only 
examples from a range of possibilities, and that the law has never been 
tested in this area. Cooperation between amateur and professional scientific 
divers has proved of very great benefit to aquatic science over the last two 
decades, and is very widely practised. It is to be hoped that this 
cooperation will continue.

Volunteer amateur divers working for an institution, whether paid or 
not, should sign a declaration form outlining the terms agreed upon, and 
making it clear what standard of diving and Code of Practice is being 
applied.

Diving conducted in the mode of paragraphs (3) and (4) above should not 
be regarded formally as scientific dives, or logged as scientific dives, 
except for the professional scientists involved. This helps to preserve the 
statistical records of scientific diving; to avoid over-counting the numbers 
of supposed scientific dives; and to identify the true categorization of any 
accidents or incidents that may occur.
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Table, 2.1.__ Examples^ofeguivalent _ lob_t i tl e a.

Leve! UK USA

»----

CANADA NORWAY

1. Director of 
Institute, or 
Chancellor of 
University.

President of 
the University.

Chief 
Executive.

Governing
Board, or
Rector of the 
University.

2. Diving
Officer.

Diving Board 
of Control.

Diving
Control
Board.

Diving
Control
Board.

3. Diving Officer. Diving
Officer.

Departmental
Diving
Officer.

4. Chief Diver. Diving
Officer's
Appointee.

5. Dive
Harshall/Dive 
Supervisor.

Lead Diver/
Dive Master/ 
Supervisor.

Person in 
Charge.

Lead Diver.

6. Dive Leader. Dive Leader. Dive
Leader.

Dive Leader.

7. Diver. Diver. Diver. Diver.

8. Trainee Diver-in
training .

Diver-in
training .

Trainee.
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SECTION 3. ORGANIZATION

3.1. Chain of command and responsibilities

The chain of command suggested here is appropriate to fairly large 
organizations. In the case of small groups many of the responsibilities will 
be combined in one person, or, in the absence of superior authority, assumed 
communally by the members of the group. Even where no long chain of command 
exists, divers still must have clear-cut responsibilities for their own and 
each other's safety. The outline chain of command elaborated upon hero 
demonstrates the nature of the level of responsibility in the chain of 
command and is not intended to be a formal system, with every post filled by 
a different person, except in the larger institutes (See Table 2.1).

3.1.1. Corporate Responsibility [Level 1]

Diving groups are operated by authority of the President, Director or 
Head of Department of a research establishment, university or polytechnic.

The President, Director or Head of Department is responsible for 
appointing in writing a suitable Diving Control Board or an Institute Diving 
Officer and for ensuring that adequate finance and material support is made 
available to train and operate the diving group safely. If diving 
legislation of a health and safety nature is enacted by government to 
regulate diving at work, the President, Director or Head of Department is 
responsible for ensuring that the provisions of acts are adhered to. In 
small groups, one person should take responsibility for ensuring that 
regulations are known and complied with.

3.1.2. Diving Control Board [Level 2]

An institute or university, or other corporate body may or may not have 
a Diving Control Board to set standards and work practices for the particular 
nature of the work and the local diving conditions. A Diving Control Board 
is most relevant in the case of a university or large institute where 
numerous component faculties or departments have differing interests, and 
need to be represented. This group sits to formulate procedures and 
considers the best way to get the work done taking into account safety and 
operational conditions. This system of management is most commonly used in 
the USA and Canada.

In a university or institute where a great deal of diving is going on, 
the Diving Control Board should be as broadly based as possible so that the 
needs of ali research diving groups are taken into consideration. The 
organization of the Diving Control Board can take whatever form best suits 
the size and experience of the research groups. In the case of an institute 
which is beginning diving operations or for some other reason has little or 
no in-house expertise in scientific diving, the President, Director or Head 
of Department can appoint an external member of this Board, which can consist 
of the external member alone.
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3.1.3. (a) Diving Officer [Level 2]

Where an Institute or University does not appoint a Diving Control 
Board, the Director or representative of the corporate administration shall 
appoint a senior scientist as Institute/University Diving Officer. This 
person shall be the corporate officer responsible for the organization and 
policies of the diving program.

This officer should coordinate the scientific program of the group, and 
ensure that the divers are properly trained, equipped and led, and that the 
necessary administration is dealt with.

This officer should have a good working knowledge of diving, but need 
not necessarily be in-date with personal training.

This officer should appoint a Chief Diver and defer to the views of the 
latter on ali matters concerning diving safety.

The Diving Officer may hold the post of Chief Diver, if he or she has 
the necessary qualifications and experience.

It is the responsibility of the Diving Officer to ensure that there is 
never any doubt about the chain of command.

It is the responsibility of the Diving Officer to take the initiative 
to produce with the Chief Diver and the Scientific Project Leader a joint 
operational instruction relating to each project. This will detail 
scientific objectives, operational procedures and safety precautions.

The post of Institute Diving Officer is not identical with the post of 
Diving Supervisor who is often the specified person in charge of diving 
operations in some commercial diving regulations. In a research context the 
senior person responsible for overall conduct of diving operations should 
have a general knowledge of the scientific programmes and requirements, and 
aiso have sufficient seniority to appoint and report upon personnel. The 
Chief Diver may have insufficient seniority from this point of view. The 
Institute Diving Officer, thus has the responsibility to comply with relevant 
government diving regulations in organizing diving operations, and the 
President, Head of Department or Director is responsible for the institute or 
university to ensure that this happens.

3.1.3. (b) Diving Officer [Level 3]

Where an Institute or University has created a Diving Control Board, 
the Board shall advise the President, Director, or Head of Department on the 
appointment of the Diving Officer. The Diving Officer has the responsibility 
to carry out the policies of the Diving Control Board, and is a member of the 
Diving Control Board. The Diving Officer must have several years of research 
or scientific diving experience, and should be an in-datu diver, with a 
thorough knowledgé of diving theory, safety practices, and operational 
procedures. This pattern of management is most common in the USA and Canada.
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3.1.4. Chief Diver/Diving Officer's Appointee [Level 4]

Institutes or Universities that do not appoint a Diving Control Board, 
and do appoint a Diving officer with scientific seniority, should aiso 
appoint a Chief Diver. The Chief Diver should be appointed by, and report 
to, the Diving Officer. The Diving Officer is responsible for chosing for 
this post a diver who can be trusted to act as the nucleus for a safe diving 
team. This system of management is used in British and some European 
Institutes. The responsibilities of the Chief Diver overlap considerably 
with those of the Diving Officer in establishments with a Diving Board of 
Control, and in subsequent sections of this Code the term Diving 
Officer/Chief Diver will frequently be used to describe personnel with these 
responsibilities.

For this post, a minimum formal qualification should be at least at the 
level of CMAS 3-Star or NAUI Level IV (Advanced Diver), with a minimum of 50 
scientific dives. In a large institute the Diving Officer should ensure that 
the diver appointed has in addition the personal qualities and experience 
normally appropriate to a CMAS 4-Star diver and a wide experience of working 
underwater.

The Chief Diver has full responsibility for ali matters connected with 
diving safety, including training and equipment. It is ultimately at the 
discretion of the Chief Diver that an individual engages in diving for an 
Institute. The Chief Diver is broadly equivalent to the Diving Supervisor 
positions referred to in some commercial diving legislation. In a large 
institution several teams of divers may be operating at different locations 
and the Chief Diver will delegate responsibility for diving safety in each 
group to a designated individual.

Ali members of a research establishment including the Diving Officer 
are expected to defer to the views of the Chief Diver on safety provisions.

3.1.5. Chief Scientist/Project Leader/Principal Investigator

In ali scientific diving there shall be a person responsible for the 
scientific objectives, and line management aspects of the project. This 
person is usually known as the Chief Scientist, Project Leader, or Principal 
Investigator. For projects requiring diving support the Chief Scientist is 
often not a diver, and should consult the Diving Officer at the earliest 
possible stage in project planning.

The Chief Scientist will defer to the views of the Chief Diver, Dive 
Marshal or Dive Leader on matters connected with safety. This must be 
regarded as a condition for the undertaking of any diving project.

3.1.6. Dive Marshal/Dive Supervisor/Dive Master/Person in Charge [Level 5]

A Dive Marshal or Supervisor will be appointed from amongst the divers 
by the Chief Diver, if he/she does not himself undertake the duty.
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During the preparation and carrying out of any particular diving 
project for which he has been appointed, the Dive Marshal has the 
responsibilities of the Diving Supervisor, as defined in some commercial 
diving regulations.

Minimum qualification is at the equivalent level of CMAS 3-Star (NAUI 
Level IV, Advanced Diver) with some scientific diving experience, but the 
Chief Diver must additionally be satisfied that the diver appointed 
understands the work task and can carry out the duties safely and 
efficiently.

The Dive Marshal has full operational responsibility for a diving 
expedition working under the scientific direction of the Chief Scientist. It 
shall be the responsibility of the Dive Marshal to ensure that the conditions 
and practices laid down by this Code are complied with on site.

It may happen that the Chief Scientist, if he/she has the appropriate 
diving experience, could be appointed as the Dive Marshal for a particular 
operation. However, in some establishments this is regarded in general as an 
undesirable practice, since it is considered that the Chief Scientist's 
understandable wish to finish a task may overrule better judgement on safety. 
It is therefore recommended that the Diva Marshal and Chief Scientist should 
usually not be the same person.

3.1.7. Dive Leader [Level 6]

A Dive Leader will be appointed from amongst the divers by the Dive 
Marshal. The Dive Marshal may undertake the task of Dive Leader.

The Dive Leader has operational responsibility for a dive, and works 
under the orders of the Dive Marshal/Supervisor, and under the scientific 
direction of the Chief Scientist.

3.1.8. Diver [Level 7]

Divers are expected to work under the instructions of the Dive Leader, 
but if they are not satisfied with any aspect of the project they should not 
be ordered to continue. Every diver has the responsibility to ensure that 
ali personal logbooks are kept up to date, and the terms of any regulations 
complied with.

Ultimate responsibility for safety rests with the individual scientific 
diver. It is the diver's responsibility and privilege to refuse to dive if, 
in his or her judgment, conditions are unfavorable or unsafe, or if he or she 
would violate the dictates of their training or the provisions of this Code. 
No scientific diver shall ever be coerced to dive, or be penalized for not 
diving. It is the responsibility of the diver to terminate the dive, without 
fear of penalty, whenever he or she feels that it is unsafe or unwise to 
continue, unless it compromises the safety of another diver. No research 
diva team member may be permitted to dive for the duration of any known
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condition that may be likely to adversely affect their own safety and health 
or that of any other team member. Each scientific diver shall conduct a 
functional check of their diving equipment in the presence of the diving 
buddy or tender.

3.1.9. Trainee/Diver in Training [Level 8]

A scientific diver may be defined as a trainee, or have trainee status, 
in three different circumstances:

1. During initial instruction the diver does not yet have a sufficient 
number of dives, and has not completed the necessary lectures, tests, and 
examinations. This is a diver*in-training.

2. After completion of the required training course, a scientific 
diver may still need to obtain experience of scientific methods, experimental 
techniques, or methodology, by gaining working experience accompanied by a 
more qualified scientific diver.

3. When new experimental methods are to be used in extreme or unusual 
environmental conditions, a scientific diver may have to adopt trainee status 
in order to gain experience working alongside personnel who already have 
experience of the conditions.

3.1.10. Temporary Diver (See aiso 2.9)

A Temporary Diving Permit at an Institution may be issued to a visiting 
diver from another Institution, or from abroad, or to unpaid volunteers 
participating in diving for only a few days. Temporary staff must have 
appropriate diving qualification, either of a sports, scientific, or 
commercial nature. The Chief Diver/Diving Officer will generally require 
Temporary Divers to undergo one or more supervised familiarization dives. 
Portions of the institute diving requirements may be waived at the discretion 
of the Chief Diver/Diving Officer. Waiver and indemnity forms may be 
required (Appendix 9).

3.1.11. Ship's Master

The Master of a research or other vessel which is acting as a mother 
ship from which diving is taking place shall be consulted adequately in the 
planning stage of a dive. This is particularly important when divers from 
one country are diving on a vessel supplied by another country because of the 
difficulties of language and differences in practices.

The Master's word is final with regard to ali actions on or near the 
vessel. This applies to launch and recovery of boats, and whether diving can 
take place. In particular, the Master may consider that diving is not
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permitted if the requirement to stand by or manoeuvre the vessel for rescue 
purposes would endanger the vessel Itself.

The Master Is responsible for displaying signals and lights from the 
vessel Indicating that diving Is taking place.

3.2. Delegation of duties

Duties that have been allocated to an Individual may be delegated with 
specific authority to allow the delegate to carry out the task, but 
responsibility remains with the delegator. If the need to transfer 
RESPONSIBILITY does arise, for example when the Diving Officer or Chief Diver 
Is on vacation or on sabbatical, the appointment of a replacement officer 
must be approved by the appropriate higher authority.

On the dive site, where the Person-In-Charge or Lead Diver wishes to 
dive, the duties for on-slte supervision can be delegated to another 
individual with suitable qualifications by procedures that are standardized 
within the institution diving program.

3.3. Diving with other groups (See aiso 1.3).

Where divers from two or more Institutions are planning to dive 
together in a joint project, it is usually best for the Diving Officers to 
agree on using one of the existing manuals or oodes of practice, which shall 
apply to ali the divers. This is the simplest procedure, provided that the 
methods of diving are reasonable similar, and the divers are given time to 
read the necessary documents, and adapt to their requirements.

If it is not possible, or necessary, to agree on one of the existing 
safety manuals, the Diving Officers or Chief Divers should ascertain which of 
their procedures are the same, similar or in need of modification to allow 
the two (or more) diving groups to work together. A standard operating code 
for the conduct of the work must be agreed and clearly communicated to ali 
the divers and boat personnel involved. It may not be necessary for the 
personnel of the two groups to actually dive together as the work can go on 
in parallel or alternating dives, but it is important that each group know of 
the procedures of the other group and that these procedures be brought to a 
common system, if possible, while the groups are in logistical or project 
contact. At the very least, divers from either group must be able to carry 
out emergency rescues on members of the other group without incompatability 
of equipment or technique.
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SECTION 4 TRAINING ANO MEDICAL EXAMINATIONS

4.1. Introduction

Thia section deals with the factors requiring attention in tho 
preparation of personnel for diving. These include medical certification, 
personnel selection, fitness, gender factors, theoretical and practical 
training log books and qualification records. Training varies from country 
to country, and even though some of the recommendations here might exceed the 
present standards used locally, it is recommended that this section should be 
adopted as the minimum standard.

4.2. Medical certificates

In most countries, no statutory obligation is placed on establishments 
to require specific medical examinations for scientific divers. In some 
countries self-regulation based on the peer system obligates establishments 
to a common standard. In other countries legislation has been passed that 
sets the frequency and type of diving medicals, as well as the duration of 
validity of medical certificates. Generally, legislation has taken the form 
of commercial diving regulations, which are inappropriate for scientific 
diving.

There is a considerable range in working conditions and fitness 
requirements for scientific divers. For example, the medical standard 
required of a student collecting snails at IO meters is obviously not the 
same as that required for a researcher working at 200 meters in saturation 
for 3 weeks. The vast majority of scientific dives are done to a depth of 20 
meters or less using scuba and entail light work such as collecting and 
sampling. Scientific diving activity is often seasonal and sporadic. There 
is no rationale for subjecting shallow water divers to as rigorous a medical 
evaluation as deep water and extreme exposure divers. In response to these 
variables, two medical standards have been established in this Code allowing 
for different circumstances and frequency of diving. A number of 
authoritative medical check-sheets for scientific diving have already been 
produced which meet the guidelines for this Code and a recommended check
sheet has been developed using these examples (Appendix 9).

4.2.1. Minimum requirements for medical certificates

In many countries divers, whether in the employment of institutions or 
working as students or volunteers, must have a medical examination at least 
at the commencement of employment, and annually thereafter. This must be at 
least of a level equivalent to that set out in the Class II medical 
certificate (4.2.3. & Appendix 9). It is strongly recommended that this 
should be adopted as the basic medical requirement by ali establishments 
working to this Code of Practice.
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4.2.2. Levels of Medical Certification

(a) Class II. This is the general medical certificate recommended for 
scientific diving under this Code of Practice. It should be used to 
medically certify divers for ali diving except that associated with the Class 
I certificate. The period of validity of the Class II medical certificate is 
12 calendar months.

(b) Class I. This is a specialized medical certificate recommended for 
use in evaluating medical fitness for saturation or exceptional exposure 
decompression diving. The Class I certificate may be used in place of a 
Class II certificate to medically certify a diver, however, because of the 
added hazards of the radiological tests involved in having to otherwise take 
two closely spaced radiological examinations, which is strongly discouraged 
as a general practice. The period of validity of the Class I medical 
certificate is 6 calendar months. At the end of this period, the Class 1 
reverts to a Class II certificate for 6 calendar months.

4.2.3. Other Certificates

There are a number of different commercial, military, and sport diving 
medical standards used nationally and internationally. When a new scientific 
diver joins an organization holding such a medical certificate, the standard 
should be consulted to determine if it correlates as equivalent to the Class 
I or Class II medical standard recommended by this Code. It is recommended 
that equivalent medical certificates should be recognized, and repeat medical 
examinations be avoided.

4.2.4. Decompression training and medical records.

Divers must be thoroughly instructed in the dangers of decompression 
sickness, the use of no-decompression limits and, when relevant, the conduct 
of decompression dives. (4.11,11). Recent research in decompression theory 
suggests that the tissue models used in computing existing air diving tables 
are not accurate. One implication of this research is that divers should be 
conservative when using the tables. A second is that information ought to be 
collected on the incidence of decompression sickness and asceptic bone 
necrosis amongst divers operating with these tables, or with decompression 
computers, in order to validate empirically the tables and document the risks 
their use entails.

It is strongly recommended that similar programmes be set up for divers 
operating with other major tables in use (French tables, United States Navy 
tables, Defence and Civil Institute of Environmental Medicine tables, etc.), 
and that examining physicians be made aware of this service.
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Medical Officers employed by an establishment to conduct the medical 
evaluation of divers and to treat divers' injuries should be appraised of the 
nature and treatment of decompression sickness and bona necrosis. Incidents 
of decompression sickness should be fully documented with medical records and 
dive record sheets (4.7). Post-treatment, the long term effecta of incidents 
should be monitored, including any possible onset of asceptic bone necrosis.

4.2.5. Gender Factors in Diving

Women and men have some differing physiological parameters in diving 
and their medical certification requires slightly different emphasis. For 
example, a woman's subcutaneous fat deposits may tend to increase the risk of 
hyperthermia as well as of decompression sickness, and diving during 
menstruation somewhat elevates susceptibility to decompression sickness, as 
may the use of birth control pills. Conversely, it has been suggested 
(Edmonds et al. 1981) that women are liable to hypothermia because of their 
lower body weight. These two conflicting hypotheses illustrate the lack of 
clear evidence in this matter and the doubtful basis for mandatory regulatory 
distinctions based upon gender.

Men with low subcutaneous fat levels are more susceptible to 
hypothermia, and facial hair can interfere with the seal of a facemask. 
Strength of both men and women should be evaluated on a task-specific basis 
and should be adequate for foreseen circumstances. Endurance varies 
significantly amongst both individual men and women and can be markedly 
influenced by fitness, training and skill. Culturally, there is evidence to 
suggest that men are more likely to be cavalier about diving safety, and more 
apt to abuse alcohol or dive when fatigued or not up to standard physically, 
although here again there is marked variance amongst individuals.

Medical check-lists incorporate the more significant of these 
variables. It is advisable that the Medical Officer employed by the 
establishment to conduct the medical evaluation of divers should know of 
these differences and be able to advise divers in these matters. 
Additionally, the Chief Diver/Diving Officer should similarly know and be 
able to evaluate the fitness of individuals for diving activity.

4.2.6. Pregnancy and Diving

Some countries may ban employed women divers from diving during 
pregnancy, whilst others make no such restrictions. Where there is 
legislation in these matters, it should be given priority. Where no such 
legislation exists, the following guidelines are applicable, and have been 
prepared by a group of women scientific divers.

Normal standards of health and fitness required for diving must be 
upheld. Consequently, certain temporary medical problems, e.g. elevated 
blood pressure, toxaemia, severe nausea and sickness, varicose veins, 
vertigo, etc. arising during pregnancy, or as a result of menstrual or 
hormonal disturbance, however caused, should be regarded as probable contra-

29



Indications to diving depending on their severity. Symptoms must be assessed 
individually by a competent medical officer. Certification of fitness for 
diving should therefore normally be obtained if such problems arise and 
persist; particularly if medication is being taken.

There is some evidence that women are naturally slightly more 
susceptible to decompression problems (Edmonds, et al. 1981). It may be 
prudent therefore, in planning decompression schedules to allow a wider 
margin of safety than usual in interpreting maximum depth and times required 
in no-stop and stage decompression diving.

Particular attention should be focused on potential hazards associated 
with diving during pregnancy, in addition to other health problems 
identified. Any abnormality of pregnancy, e.g. Placenta praevia, blood loss, 
threatened miscarriage, etc. should be regarded as a disqualifier for diving.

Diving may possibly incur hazards both for the unborn child and for a 
pregnant woman herself, even when there is no existing health problem 
(Bolton, 1980; Edmonds et al., 1981; Rankin, et al., 1980). The evidence is 
not statistically clear either for or against this proposition and the woman 
diver must be encouraged to make her own decision within the limits of 
existing legislation or rules. Women divers should keep a careful check on 
their menstrual cycle so that pregnancy, if suspected, can be confirmed as 
early as possible. This is in their own and in their colleagues' interests. 
The most critical time for the foetus is possibly during the first trimester, 
when foetal development could be placed at risk (Bolton, 1980). For this 
reason, women planning conception may be wise to restrict diving in order to 
cover the period when pregnancy cannot be detected.

In late pregnancy (third trimester), mental alertness is often 
deleteriously affected so that responsibilities and decision-making, 
especially in emergencies, could be seriously diminished.

A woman's physical shape and condition in the third trimester are such 
that they render her more easily fatigued and less agile. These factors are 
likely to affect her safety and stamina in diving, particularly in carrying 
heavy gear which she should not be doing at this time. In practice, 
individuals may vary from feeling quite fit throughout pregnancy to being 
totally incapacitated even for the mildest levels of physical work, 
especially in the third trimester.

Under normal circumstances therefore, a woman should not undertake 
diving duties during the third trimester as her condition may affect the 
safety of both herself and her colleagues.
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In conclusion, If pregnancy Is suspected or confirmed, diving should be 
restricted:

1. First trimester :«Maximum depth of 20 meters, and a duration of half
the no-stop time (limit of no decompression stop diving) of the
decompression tables (see Section 11).

2. Second trimester:-Maximum depth of 20 meters, and a maximum 
duration 5 minutes less than the no-stop time.

3. Third trimester:-no diving

4.2.7. Confidentiality of médical reports

The detailed medical report of a doctor examining a diver should be 
treated as confidential and the doctor should report to the employer whether 
the diver Is or Is not fit for diving. However, it is in the Interests of 
safety that the Chief Diver/Diving Officer be informed that a diver is 
suffering from a particular condition, before the diver takes part in diving 
operations, if the medical officer considers that this might in any way limit 
the type of diving operations for which the diver is fit.

4.3. Fitness

In establishments where personnel dive regularly, the diving itself 
will keep them physically fit and special attention need only be paid to 
colds or other passing ailments. Where personnel dive only from time to time 
there will be a problem of maintaining adequate physical fitness. Although 
fitness may not apparently be needed to perform planned tasks, an emergency 
can produce a situation where fitness, quick reflexes and strength may make 
the difference between safety or a serious accident. In preparation for 
diving operations the senior diver in charge should consider the fitness of 
personnel involved, taking into account the recent diving operations or 
sporting activities which may have helped to maintain fitness. If personnel 
are obviously unfit they should be given a series of swimming and snorkeling 
exercises in the weeks preceding field work. Regular aquatic exercise 
contributes to diving safety. Divers should be able to complete an 800 meter 
snorkel swim with fins in 16 minutes.
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4.4. Swimming Fool and Soa Training Schedules

Recent surveys of establishments where scientific diving is carried out 
have shown that the diving techniques used are almost exclusively those of 
scuba. The minimum training standard accepted by Diving Officers is 
generally that of a mid-level sport diving certification such as the MUI 
Level IV, BSAC Advanced Diver and CMAS 3-star. However, it is recognized 
that a newly trained diver usually requires 10-30 working dives after 
completing certification before they can be considered fully trained for 
scientific work. Training schedules are established in Codes published by 
the AAUS and CAUS.

Additionally, in some countries (Canada and the United States) divers 
are allowed ' to enter diving programmes at a lower level of certification 
(MAUI Level II) as "divers-in-training", and gain experience through on-the- 
job training for eventual certification as scientific divers (2.9). This 
method allows divers to be fully trained for task-specific skills in fewer 
dives and consequently to be certified in fewer dives.

Initial instruction of divers may be accomplished within the 
establishment, or by sending them to a recognized club, dive store, or diving 
school.

In the training of scientific divers it is important that the 
discipline of thinking and working while diving should be introduced early 
on. This should be done in parallel with the tests of ability to swim, cope 
with diving equipment, and maintain safety, which are typical of sports 
diving training. This work training should be of an introductory or 
familiarization nature, and not so arduous that it interferes with learning 
to diva. Work familiarization should concentrate primarily on the following 
range of tasks:

1. Navigation, search and recovery, underwater rope-work, dive site 
selection, scientific diva planning and team-work.

A secondary range of work familiarization could include:
I

2. sample collecting methods, data gathering techniques, common biota 
behavior, installation of scientific apparatus, site location and relocation, 
small boat operations and knowledge of government and legal requirements when 
diving at work.

Dive training should be conducted both in the pool or sheltered waters 
and in open water. The intensity of training may be increased by simulating 
adverse conditions in protected water, such as low light or reduced 
visibility, or by training under actual open water conditions but in a highly 
supervised and controlled setting.
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Before any open water operations involving new equipment or untried 
methods or techniques, the personnel involved should train with the equipment 
in a pool or under sheltered conditions. Similarly, proposed work in extreme 
conditions such as under ice, rough seas or fast currents (Section 8.2) 
should be preceded by appropriate training and practice in such conditions.

There should be thorough training in the use of adjustable buoyancy 
systems where they are being used.

4.5. Theoretical Knowledge

Standards of theoretical knowledge must be at least to sport diving 
certification levels for scuba training (NANI Level IV, CMAS 3-Star), 
preferably supplemented by additional reading. Theoretical knowledge related 
to equipment maintenance, navigation, first-aid and other specialized 
activities should be dealt with by instruction, reading and demonstrations. 
A written examination should be held as part of the training. Examinations 
designed to suit these specific requirements have been developed by a number 
of institutions, and should be circulated internationally to the respective 
national scientific diving organizations and other interested bodies so that 
the levels may be compared, with a view to future standardization.

4.6. Qualification Standards and Working Depths

The following standards relating experience to operational diving are 
strongly recommended:

(a) No diver should be employed on a working dive, even as a trainee, 
until they have obtained a "diver-in-training" certificate or equivalent. 
The first ten working dives should not be deeper than 20 meters.

(b) A "diver-in-training" should not dive except when accompanied by a 
specifically authorized scientific diver.

4.7. Dive Record Sheets - -

Detailed dive records maintained by the Diving Officer provide the 
following: 1. Administrative records of time spent in training and work,
for the purpose of assessing efficiency of effort, personnel and expenditure. 
2. Record of training and experience of personnel. 3. Evidence in the case 
of an accident. 4. Basis for certification of training. 5. Evidence of 
safe diving for insurance purposes. 6. Medical evidence for collection of 
data on decompression tables.

Specimen dive record sheets are shown in Appendix 12.
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4.8. Log Books

Individual divers should keep a log book as evidence of their 
experience and training and for reference in the case of accidents. The 
minimum record should consist of: dive site, date, maximum depth reached by 
the diver, name of diver, name of diving companion, name of dive supervisor, 
decompression schedule used, repeat tables used if any, outline of work, and 
sufficient data on start and surfacing times, and time of leaving the bottom, 
such that the dive profile can be checked against the decompression 
procedures carried out. In addition, the true clock time of surfacing MUST 
be recorded so that surface intervals can be calculated before making the 
next dive.

It is highly recommended that the Diver's log book aiso contains a 
photograph, medical endorsements annually, and certificates of training. A 
number of standard logbooks are available and some styles are included in 
this Code (Appendix 12).

To avoid loss of information, it is recommended as a general practice 
where divers are operating in inclement conditions, that dive records be kept 
on site in a "wet-log" preferably made of waterproof paper, and daily 
transferred to the permanent log.

4.9. In-Date Qualifications and Work-Up Dives

Scientists often do not dive regularly, and a check must be maintained 
on their readiness for working diving. The following two systems have been 
used successfully, and may be combined as suggested below.

4.9.1. In-date readiness system.

This system assumes that a diver who has dived within a set period is 
fit and ready for working diving. The practice is liable to abuse, and 
personnel may carry out token dives which do not really maintain training. 
It seems preferable to set a time limit of one month within which personnel 
retain readiness for working diving, and to state that the qualifying dive 
must itself be a working dive, or a practice dive to at least 20 meters for 
20 minutes with a simulated work task. Except in coastal institutes, most 
divers will probably lapse from in-date readiness, and work-up dives will be 
necessary before projects.

4.9.2. Work-up dives.

If a diver lapses from in-date readiness it does not affect the diver's 
basic qualification. The sequence of work-up dives required to give working 
preparedness depends on the depth of work and the time lapse since the last 
diva. An outline of a recommended schedule is given in Table 4-1. Dives 
should be considered purely as training, but may involve light work which can
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be easily abandoned in the interests of safety. Dives should be at least 20 
minutes in duration, unless excessive decompression time would be incurred. 
If an individual fails in the task or seems unhappy during work-up dives, the 
Chief Diver/Diving Officer should extend the work-up period or drop the diver 
from the team. The briefer work-up schedules may be included in the first 
day or so of the project if the divers are generally fit, but the longer 
schedules should be started well in advance of work to allow for snags and to 
regain fitness. Work-up dives appear to increase decompression safety by 
lessening the risk of bends.

The importance of the "in-date" concept and the necessity for work-up 
dives cannot be stressed too strongly. They are key factors contributing to 
the overall safety of diving operations carried out by an establishment, and 
Directors, Heads of Departments , and Chief Scientists, should always be 
aware of the need for diving personnel to maintain their state of readiness 
and allow sufficient time and funds for them to do so.

Table 4-1. Recommended schedule of work-
nfcer_a_break fr.om_ac_ti.ye diving.

-up dives for various working depths

Time Laose Working Deoth
10m 10-30m over 30m .

1- 2 Months 10m 20m 20m
30m .

2-12 Months 10m 10m 10m
20m 20m

Working Depth 30m
Workine Deoth .

Over 12 Months Pool Test# Pool Test# *
10m 10m Pool Test#

20m 10m
Working Depth 2X2 0m

2X30m
Working Deoth .

* In some countries this requires complete re-certification.
# Open water in very sheltered conditions may be suitable for these tests in
a warm climate. . .

4.10. Team Compatibility

Where projects involve the use of specialized equipment, or work in 
extreme or potentially hazardous conditions, an important factor of safety is 
the degree of team-work. In these circumstances the known or recorded 
qualifications of team members are not in themselves a guarantee of safety, 
and the divers should be trained together frequently until the required 
degree of cohesion and mutual trust is developed. If diving is to be carriei 
out in pairs the Chief Diver/Dive Supervisor may establish fixed pairing for 
the work as it becomes clear which divers work best together. If a more 
general degree of team unity is required, diving pairs may be switched 
around, but it becomes important to drop from the team any individual who 
turns out to be incompatible with more than one or two of the other divers. 
This requires a great deal of discretion on the part of the Diving Officer or 
Chief Diver.
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4.11. Compression Chamber Dry Dives

On the first occasion of extensive work planned below 30 meters it is 
advisable that divers should be exposed to the proposed working depth in a 
compression chamber where this is possible. This enables the project 
organizer to assess the ability of the divers to perform complex tasks while 
suffering from narcosis. Furthermore, the decompression phase may reveal 
personnel who are exceptionally liable to bends. Where extensive deep diving, 
is carried out supported by an on-site compression chamber, it is advisable 
that several members of the team should be fully trained in chamber operation 
at a recognized school, since if only one operator were trained, there would 
be a dangerous situation if that person suffered a bend (4.2.4; 11).

4.12. Recognition of Other Training Qualifications

The CMAS has produced an international comparison of certificates and 
qualifications issued by sport diving certifying agencies, with equivalence 
of standards (Appendix 7). Using this system of comparison, the CMAS 
Scientific Committee has developed a scientific diver certification (Brevet) 
based on the sport diving certifying criteria in different countries at the 
3-Star level. The application form can be copied from Appendix IO.

As well, in several countries (e.g. Canada, the United States, the 
United Kingdom, South Africa and Germany) organizations have been founded to 
establish and maintain national standards for scientific diving. A number of 
authoritative national standards are now available. Three of these have been 
primarily consulted in developing the training criteria set down in this Code 
of Practice (Appendix 13).

Institutes are recommended to certify their divers to the standards of 
this Code of Practice as a minimum international standard and to qualify 
divers to a higher standard in specific skills where necessary because of 
national or regional diving practices. In countries where no national or 
regional training standards for scientific diving have been set, 
establishments may supplement the minimum requirements of this Code with 
higher standards based on sport diving training programmes or their 
recognized CMAS equivalents, or commercial standards in mixed gas diving.

Full recognition should be given to training qualifications of military 
and commercial diving schools. In view of the lack of accepted certificates 
of working experience, Diving Officers should inspect log books of personnel 
from other institutions or from abroad. Chief Divers/Diving Officers should 
bear in mind that a highly trained diver from a foreign country may have a 
totally different range of practical experience and skill from that required 
locally. (See aiso 1.2; 1.3; 2.7).
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4.13. Mixed Gas Training

Scientific work may require the use of mixed-gas breathing equipment 
(7) for specific work-related purposes, for example, to diminish inert gas 
narcosis, to give increased endurance, to minimize acoustic noise or to 
eliminate the visual or mechanical disturbance caused by exhausted bubbles. 
In view of the complexity of the equipment and the need for an exceptionally 
high standard of maintenance and adjustment of the sets, potential users 
should attend an appropriate and recognized training course.

Commercial diving schools, military training schools, and in some cases 
government agencies (e.g. the National Oceanic and Atmospheric Administration 
Diving Unit in the United States offers mixed gas training) are potential 
sources of mixed gay training courses for scientific diving programmes and 
should be consulted as a resource.

Before use oi nor. scuba breathing systems, a check should be made of 
government regulations and professional and industry standards covering use 
of oxygen and mixed-gas systems, closed-circuit and semi-closed circuit 
diving equipment, and training for use of these systems and equipment in the 
country of the potential user. Constant training must be maintained when 
using mixed-gas equipment and a program of continuing training should be 
developed based on these requirements and the recommendations of the training 
agency and the equipment manufacturer

A number of authoritative standards for mixed gas diving have been 
developed (Appendix 2).
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SECTION S. EQUIPMENT MAINTENANCE

5.1. Introduction

Ali diving equipment used under the auspices of a research organization 
must, regardless of ownership, be inspected and serviced by an individual or 
facility approved by the Diving Control Board/ Diving Officer. The Chief 
Diver/Diving Officer is responsible for restricting or removing from service 
any diving equipment that does not conform to the standards of the Diving 
Control Board. The Diving Officer is also responsible for evaluating 
equipment maintenance programs and assuring that a record of ali inspections 
and equipment overhauls is forwarded to the Diving Control Board.

Ali scientific divers are expected to perform a basic inspection of 
their own and their teammate's equipment prior to each dive. Ali equipment 
must be in good serviceable condition: deficiencies demand the cancellation 
or termination of the dive. Ali equipment problems must be brought to the 
attention of the Diving Supervisor. Each diver is responsible for the caro 
of any items of equipment that are issued to him or her.

5.2. Statutory requirements

In many countries there are statutory requirements that apply to the 
equipment used by ali divers, scientific as well as sports and commercial. 
Normally such regulations involve the testing and Inspection of high pressure 
cylinders, valves, regulators and pressure (contents and depth) gauges. It 
is imperative that ali such statutory requirements be met. A complete list 
of ali maintenance items and periods, for ali diving and support equipment 
used, should be part of the institution's Code of Practice or internal safety 
rules.

5.3. Technical and maintenance procedures

Ali inspections and overhauls referred to in this section, except those 
suggested for the diver, must be performed by an individual or facility 
approved by the Diving Control Board/Diving Officer. Ali equipment that 
fails to function in a satisfactory fashion or that is found lacking during a 
diver's check must be tagged and removed from service until repaired. Ali 
diving gear that is fit for subsequent work must be properly rinsed or 
washed, dried if possible, and stowed as soon as possible after use.
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5.3.1. Scuba tanka and other refillable gas cylinders

High pressure cylinders should be inspected for external damage before 
and after each dive, be visually inspected internally prior to first use and 
at least every year thereafter a.td hydrostatically tested every five years. 
Most manuals and codes of practices of national federations specify 
inspection methodology.

In countries where compressed air cylinders are required by statute or 
cu?com to be painted in a distinctive color or manner, ali cylinders used in 
scientific work should be so painted. Care should be taken that the painting 
process does not heat the tank above 200 degrees centigrade and thus weaken 
the cylinder.

If cylinders are to be stored for some time, they should be internally 
inspected to. assure that there is no water in them. Cylinders should be 
filled to 5-10 ATM and stored in an upright position whenever possible.

5.3.2. Scuba regulators and submersible pressure gauges

Regulators and submersible pressure gauges must be functionally tested 
by their user prior to each diving session. They should be disassembled, 
inspected and readjusted twice yearly, more frequently if used for deep or 
unusual diving operations or if they exhibit any signs of malfunction such as 
increased breathing difficulty. Ali hoses must be inspected often and 
silicone spray or grease (NOT PETROLEUM) should be applied to the dried, 
first stage water chamber of the regulator from time to time. Breathing gas 
pressure gauges should be accurate to within 5% of the actual pressure over 
their entire range. "Zero-errors" are the most critical and should be marked 
on the gauge face.

5.3.3. Depth Indicators (gauges)

Non-capillary depth gauges (including decompression computers), should 
be tested prior to first use, at six month intervals and at any- time that 
they appear to disagree by more than 2% with another gauge or a known depth. 
Gauges should be tested against a master instrument of 0.25% accuracy or a 
measured shot (down) line. No gauge should at any time read any shallower 
than the actual depth. Gauges should be tested at least at depths of 6 
meters and 45 meters. At 6 meters, new gauges should not read more than 6 
meters pius 1% of the full scale, but used gauges may have twice this error. 
At 45 meters new gauges must read no more than 45 meters pius 3% of the full 
scale and used gauges must be within 5% of the full scale. Gauges that do 
not meet these performance specifications must be repaired and retested or 
discarded. A calibration tag indicating gauge variations at selected depths 
should be carried by the diver in an accessible location. Variations can 
aiso be marked on the face of the gauge.

Depth gauges should not be transported in the baggage compartment of an 
airplane or in an unpressurized aircraft since the low pressure may damage
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tho instrument. Small, air-tight; containers oro available to alloviate this 
problem.

5.3.4. Compressors and storage banks

Compressors should have the air intake located in an aroa where the 
atmosphere is clean. Intakes must not be exposed to the exhaust of internal 
combustion engines or air that is contaminated by any other source. The 
intake must be equipped with a suitable dust filter. Commercial filter 
material should be used rather than improvised materials designed for other 
purposes such as towels that have recently begun to be treated with deodorant 
chemicals, which could be harmful to the divers if inhaled. If the intake is 
extended, it must be protected to prevent the entry of excessive amounts of 
moisture. The total length must never exceed the manufacturer's 
specification. Appropriate filters and separators must be incorportated into 
the compressor and filling system in order to remove moisture, oil mist, 
particulate matter and odors. Ali compressors must be operated in accordance 
with the manufacturer’s instructions and specifications. Ali pressure 
fittings, hoses, plumbing and pressure system components should have a 
maximum burst pressure at least four times the planned maximum working 
pressure. Slow opening shut off valves should be used to control air lines 
that carry pressures in excess of 30 ATM.

When a compressor is used to supply a diver in the water through a 
hose, the system should include a volume tank with a check valve on the inlet 
side, a pressure relief valve, and a drain valve.

Air quality should be analyzed every six months or 25 hours of 
operation, whichever comes first, by means of samples taken at the connection 
to the distribution system, to ensure purity for breathing in accordance with 
local regulations or statutes. Suggested air quality standards are; Nitrogen
- 79%, Oxygon - 21±0.05%, Carbon Monoxide - less than20 ppm, Carbon Dioxide
- less than 1000 ppm, oil mist - less than lmg/m , no detectable gross 
moisture, dust or particulates and no noxious or pronounced odor. See Table 
6-1 for a comparison of some accepted technical standards.

Compressed gas storage cylinders should be stored in a ventilated area 
and protected from excessive heat. They should be secured from falling and 
have shut off valves recessed into the cylinder or protected by a cap except 
when in vise or when manifolded. Cylinders should be inspected and tested as 
outlined in section 5.3.1.

, ;.3.5. Underwater tools

Underwater tools such as hand held electric power tools or other 
powered equipment must be approved by the Diving Control Board/Diving 
Officer. When «supplied with power from the surface they must be disconnected 
from surface power before being place into or removed from the water. Power 
must not be turned on until requested by the diver.
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Photo 3 : A diver testing and sampling sediment over wreck using a
geological auger. The vertical column in the background is the barrel of a
bronze 36 pounder gun on the wreck of the Kronan. The location is near ............
Sweden. The diver is wearing a foam neoprene air-inflated suit. (Photo, Kalmar 
Lans Museum).
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5.3.6. Special equipment

Special equipment requirements and regulations shall be promulgated as 
required. See Section IO.

5.4. Records of maintenance checks, test and repairs

Maintenance logs or records must be kept for ali equipment that is 
subject to inspection and service. These records must be available for 
inspection by the divers or the authorities. Divers are entitled to copies 
of records for any equipment that they have signed out. The Diving or 
Equipment Officer is entitled to inspect records of ali equipment that is 
brought into a project under his or her direction or authority. Statutory 
bodies may require documentation of ownership and other records of some types 
of diving equipment. Each equipment modification, repair, test, calibration, 
maintenance and sometimes use, should be logged. A log should include the 
date, nature of the work performed, serial number and nomenclature of the 
item and the name of the individual or facility performing the work. Items 
for which such records should be kept include: compressors, scuba regulators 
and cylinders, gas storage cylinders, pressure and depth gauges, scuba 
cylinder valves, ABU's, dry suits and analytical instruments used for 
service or inspections of diving equipment or breathing gases.
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SECTION 6. SAFETY

6.1. Pre-dive safety

Prior to the divers assembling at the dive site, several matters have 
to be considered that are Important to safety.

6.1.1. Dive planning

Detailed recommendations for the conduct of diving operations In 
certain special conditions are given In Section 8. These must be referred to 
and combined with the general recommendations In this Section as appropriate.

The dive planning of any underwater project must take Into account 
scientific objectives and psychological and practical limitations. Therefore 
realistic planning Is best carried out by people with both scientific and 
diving training. When the Chief Scientist has no diving experience It Is 
essential that the Institute Diving Officer be consulted about, and the Chief 
Diver Involved In, the detailed planning of operations. Their responsibility 
shall be to maintain the highest possible standards of safety.

Efficiency In underwater work depends upon making the most effective 
use of the limited number of underwater man-hours per day. The right 
research questions must be asked and means devised of collecting data to 
answer these questions quickly and accurately. The scientific problem must 
be extremely well defined at different Investigative levels so that changes 
In planned dive sites or dive proflle/tlmes can be made In response to data 
already gathered. Very few project diving plans ever are carried out exactly 
as conceived prior to the beginning of the project; the success of a project 
often resides in the adaptability of the planning. In addition, equipment 
which is not necessary to the efficient conduct of the diving such as complex 
camera and tape-recorder systems and their ancillaries can divert attention 
from the more basic but important diving gear. No more equipment should be 
employed than is necessary. The equipment mix that is deployed underwater 
should be familiar to the divers through prior training.

Diving and scientific equipment check lists which should be waterproof 
must be used at the operational base and if necessary on the small boat used 
for surface cover. A diving safety box, including oxygen, should be carried 
In the small boat (6.2.5). Whilst every effort should be made to provide 
self-sufficiency in safety and back-up facilities, the following information 
should be held at the operational base and on the cover boat, which in the 
case of an emergency might have to return to shore and immediate aid at some 
point other than the operational base. The following Information should be 
immediately available in the case of an emergency:

1. Name, address of the nearest doctor, ambulance facility and 
hospital.

2. Location and telephone number, of the nearest compression chamber.

3. Location and contact procedure for helicopter rescue if relevant.
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4. Telephone number of local coastguards, marine rescue units or 
police.

5. A map showing the exact position of the above rescue and medical 
facilities and the position of telephones nearest to shore access points in 
relation to the diving area so that any member of the diving party will be 
able to get help in the shortest possible time. This becomes more important 
in more remote areas and where short wave radio use is not common.

6. A list of available radio frequencies and information about their 
use such as when they are monitored etc., which can be raised by the radio 
equipment carried by the diving party.

Daily information from appropriate weather forecasts should be 
obtained. Land, shipping or inshore fishermen's forecasts should be used as 
appropriate for the area. Special note should be made of changes of expected 
weather that might affect the safety of operations, e.g. wind strength or 
direction change and fog. Information on tidal streams and currents should 
be sought from marine charts, tidal atlases and pilots. These should be 
supplemented, when appropriate, by local information from seamen and 
fishermen.

A first aid kit should be available to the diving team and two members 
of the team should be qualified to use it. Ali divers should be trained in 
expired air resuscitation (mouth-to-mouth) and external cardiac massage. In 
remote locations a full medical kit should be carried, and at least one 
person should be trained to paramedic standards.

6.1.2. Personal equipment maintenance (See aiso Section 5.1.)

Each diver is ultimately responsible for the maintenance of their own 
diving equipment, which if it is not personally owned should be assigned on a 
permanent, seasonal or project basis and not re-assigned from the equipment 
store daily or weekly. The longer period the that a diver has to become used 
to personal equipment the better, in that its peculiarities can be assessed 
and either compensated for or taken advantage of during use. Additionally, 
if a diver is assigned gear for a considerable period of time, the gear tends 
to get better looked after.

Ali diving equipment shall be inspected by the diver for proper 
functioning at the beginning and end of each diving day. Equipment to be 
inspected shall include, but not be limited to:

1. Ali straps, hoses and soft items (rubber, nylon, etc.) for cracks, 
dry rot and/or other signs of deterioration.

2. Wet or variable volume dry suits for tears, zipper, seals, etc.

3. Scuba cylinders for damage, proper pressure and valves.

4. Regulators, hoses, fittings, accessories, mouthpiece, etc., for 
tightness, cracking, etc.
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5. Weight belts and buckles.

6. Buoyancy control devices and ali mechanisms that could jam up with 
salt including direct feeds.

7. Diving knives, inflatable buoys, ropes and ali snap clips,

8. Any accessory equipment such as dive lights, cameras, data recording 
sheets, etc.

Every reasonable effort shall be made to prevent damage to equipment 
during the diving operation.

Any malfunctioning item shall be individually tagged giving the name of 
the user (or the person who noticed the malfunction), date and nature of the 
malfunction. Tagged equipment shall be brought to the attention of the 
Diving Officer or Equipment Officer at the earliest opportunity.

6.1.3. Purity of air supply

Compressed air shall only be obtained from sources known to conform to 
approved national standards and in the absence of a national standard to a 
standard recognized elsewhere (Table 6-1).

If compressors are used in the field, frequent attention must be paid 
to the siting of the air intake in relation to fumes and smoke, not only from 
the compressor, but aiso from vehicles, boats and houses in the vicinity. 
The intake is best fitted with a suitable length of flexible pipe to allow 
for changes of wind direction. Adequate cooling is essential in order to 
prevent contamination of air by overheating of lubricating oils. The 
nuisance caused by compressor noise in public places is to be borne in mind 
and minimized.

In a permanent laboratory site times of compressing may need to be 
restricted according to wind direction in relation to sources of air 
pollution.

Precise adherence to manufacturer's recommendations in relation to 
filter replacement, maximum continuous running time and cooling is essential.

A compressor log-book shall be maintained to show running times, 
maintenance checks and filter changes. A running-hour meter is advisable 
(See aiso Section 5.3.5.).

The use of "breathalyser"-type tubes for gas analysis is strongly 
recommended for carbon dioxide and carbon monoxide, nitrogen dioxide and 
nitrous oxide. Further checks for hydrocarbon contamination are given in 
Stubbs and Roberts (1970).
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Periodic analyses should be mado of the gas from cylinders filled 
before and after periods of maximum continuous running, and before and after 
filter changes. A complete analysis shall bo made in the event of an 
accident, or if a diver complains of headache or respiratory distress during 
or after a dive.

Particular caro to prevent contamination of breathing apparatus by 
dirt, oil and grease is essential after repairs.

6.1.4. Fire risk

The atmosphere in compression chambers frequently contains a higher 
partial pressure of oxygen than normal air at one atmosphere, and therefore 
is capable of sustaining rapid and violent combustion. Several fatal 
accidents have occurred as the result of fire in compression chambers. Host 
of the causes can be eliminated in the design of the chamber, but ali chamber 
operators should be aware of the risk, and ensure that combustible materials 
and sources of sparks or ignition are not taken into compression chambers. 
The deliberate use of high oxygen partial pressure to speed decompression or 
improve therapeutic treatment has increased the potential fire risk.

Experiments have been conducted with a variety of chemical, gas and 
foam fire extinguishing systems in high pressure oxygen-rich environments, 
but most systems are either relatively ineffective, or produce toxic side 
effects. At present water is the best all-around extinguisher, and is best 
applied as a steady spray (Shilling et al., 1976).

General rules for providing fire safety in a hyperbaric chamber:

1. Oxygen concentration and/or partial pressure should be as low as 
possible, preferably within the region, of noncombustion. It is essential to 
use an overboard dump system where pure oxygen is breathed by mask in a 
chamber.

2. Ignition sources must be eliminated.

3. Combustibles should be minimized, with the complete exclusion of 
flammable liquids and gasses, oil and grease.

4. If combustable materials must be employed, their type, quantity and 
arrangement in the chamber must be carefully controlled. Potentially 
combustible materials should be chemically treated if possible.

5. Fire walls and other containment techniques should be utilized to 
isolate potential high-risk fire zones. 6

6. A fixed fire-extinguishing system should incorporate smoke detectors 
and both manual and automatic switches; it should provide rapid and 
sufficient agent discharge.
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Other risk of fire on a scientific diving project is a normal 
consequence of having items like neoprene, hydrocarbon fuels, alcohol and 
various solvents and paints, etc. present for the normal progress of tho 
project. These risks are not particular to the diving but to the materials. 
High oxygen partial pressures alone distinguish the diving related fire risk.

6.1.5. Food and drink

In most circumstances normal daily food and fluid intake is left to 
individual discretion. At the beginning of a diving day, however, it is a 
good idea to eat a carbohydrates and fat rich breakfast for long-term energy 
supply. In the middle of the day high energy foods which are sugar or 
calorie rich that can be converted rapidly into energy to get through the 
rest of the working day are best followed by a snack of the same high energy 
transfer food later in the afternoon especially if it is a long, arduous day. 
High protein foods will be best used by the body in terms of overall food 
type during the course of a working scientific diving project.

Where diving is to be conducted in remote areas necessitating the issue 
of rations a balanced adequate diet must be planned and adequate fluid intake 
ensured. Medical and dietary advice should be sought before leaving for such 
areas.

Salt supplements must be issued in hot climates.

Diving should be avoided for 2 hours following a heavy meal. Regular 
light meals should be taken during the day's diving operations. Liquid 
intake must always be maintained at least to normal levels, as it is 
dangerous to become dehydrated prior to dives that may require decompression 
(See Section 11).

6.1.6. Alcohol

Alcohol may increase the susceptibility to decompression sickness, and 
may enhance heat loss in cold water exposure. In a diver who is slightly 
hypothermic, alcohol may make the condition more serious.

Alcoholic drinks must not be taken until after normal diving and 
follow-up operations for the day are over.

Alcoholic drinks should be consumed only in moderation during the 
course of prolonged diving operations.

Alcoholic drinks are not recommended for 24 hours before diving 
operations to depths in excess of 30 meters.

Diving with a hangover is dangerous.
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6.1.7. Sloop and fatigue

Adequate test and sloop will bo definod by the requirements of the 
diving program, and the fitness of the diving personnel. During diving, 
fatigue is dangerous, and a tired diver should not be permitted to dive. 
Sleep and rest periods should be built into the planning of a project as 
different scientific work requires different levels of follow-on work in the 
evening. Diving geologists, for instance, usually only require a limited 
time for recording and analyzing data after the diving and equipment caro is 
complete; whereas, the day of a diving zoologist may only be beginning at the 
end of the diving and equipment care, with numerous samples to preserve and 
classify. The nature of the specimen taking and the scientific follow-on 
work must be taken into account by the Diving Officer and Chief Scientist in 
developing project plans.

6.1.8. Cold (See aiso Sections 8.2.2. and 8.2.3.)

A cold diver is liable to rapid fatigue and to errors of judgement. 
He/she will be less able to cope with emergencies, or with diving tasks, and 
will be less able to concentrate. The combination of fatigue and cold should 
be avoided at ali costs in diving operations. If this is not possible 
abandonment or serious revision of the diving program must be considered by 
the Chief Diver/Dive Supervisor if accidents are to be avoided. A project 
plan which ignores divers' comfort, especially with respect to cold, will 
inevitably result in bad morale and less-than-enthusiastic divers. If the 
cold cannot be mitigated, it must be seen by the divers to be a fundamental 
concern of the Dive Supervisor in order to promote their cooperation and 
enthusiasm for getting the work done.

Divers continue to lose heat from their bodies for some time after they 
get out of the water. Thia 'after-drop' in central body temperature can 
reach dangerous limits even if at the time of getting out of the water the 
diver was in a reasonable state. The problems of cold exposure can occur in 
ali waters, tropical as well as polar.

Some of the following precautions can be taken to help minimize the 
problems of cold exposure:

1. No currently available diving suit provides completely adequate 
thermal protection in the water. A dry suit with suitable undergarments and 
air inflation is more effective than a neoprene wet suit for diving work in 
temperate or sub-polar waters. Suit heating systems are available but ali 
have operational limitations and their use outside of saturation diving 
systems or surface demand systems is unusual.

2. The divers should keep warm before the dive. Shore and boat parties 
should be kept sufficiently warm to perform their duties.

3. Limit dive times to reduce the amount of heat loss. Flan dives so 
as to avoid frequent immersion and draining of wet suits in cold water if 
possible.
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4. Reduce the extent of the aftor-drop by Immersion In a hot bath or In 
a hot shower in the diving suit if this is at ali possible. Keep in a warm 
environment out of the wind and if wearing a wet suit, wear a wind-proof 
cover over the wot suit at least on the trunk of the body.

5. Allow sufficient time between dives for the diver to rewarm if 
possible.

6. Provide hot drinks and a high daily calorie intake during cold water 
diving. Alcoholic drinks must not be used to warm a cold diver.

7. Body temperature monitoring using either a rectal temperature probe 
or radiopill transducer in the intestinal tract should be considered for 
extensive cold water diving operations. A drop of more than 2*C or a level 
of 35*C is dangerous.

6.1.9. Heat

Excessive heat is not a problem common to most scientific divers except 
in special circumstances (8.2.23; 8.2.28.). In pool training where the water 
temperature may be well in excess of what the diver expects, as well as in 
the special circumstances, divers must take caro not to become overheated and 
become hyperthermic. Muscular weakness, lack of concentration, slight 
trembling and the possibility of sudden blackout similar to heatstroke are 
ali to be avoided by wearing no warmer diving suits than are indicated by 
temperature conditions and by engaging in no activities which involve 
extended overexertion when diving in hot conditions. The effect of hot water 
suit heating is difficult for the diver to judge, and there is a tendency to 
request increased heat up to the point where adverse symptoms occur.

6.1.10. Drugs

[See bibliography and Undersea Biomedical Society].

Drugs fall into two categories; those administered for medical reasons 
and those which are addictive or mood altering.

Under no circumstances should personnel who use addictive or mood 
altering drugs, or who have done so in the recent past be allowed to take 
part in any facet of a diving operation. Many of these drugs cause recurrent 
symptoms such as halucinations or schizophrenic behavior long after active 
use has ceased and any potential member of a diving team who has had a drug 
abuse history must be cleared by a doctor competent to consider the 
physiological effects of diving on drug syndromes. This prohibition includes 
drugs referred to as both hard and soft and It is-mandatory that the Diving 
Officer insure that no drug affected personnel are Involved In any operations 
and that no drugs are abused during the course of a diving operation.
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In general medical use of drugs during diving should be avoided where 
possible. At present, there is considerable concern that the effects of many 
drugs in common use may change in hyperbaric conditions. Drugs can influence 
diving safety in indirect ways, by impairing judgement and concentration, or 
by increasing a diver's susceptibility to narcosis and decompression 
sickness. Individuals under medical treatment are, in general, unlikely to 
be diving. Chief Divers/Diving Officers should be aware that individuals may 
be using drugs to control common problems such as sea-sickness, headaches, 
colds, etc. This common practice of self-medication may present a hazzard, 
and the Diving Officer may wish to restrict their use, or restrict the 
diver's activities. Diving Officers should take medical advice in any case 
of doubt.

None of the practices listed below are encouraged but the most common 
forms of self-medication, with their problems, are listed for information.

1. Sea-sickness. Two groups of drugs are used:

a. Hyoscine: Drowsiness can occur, and if possible the drug should be 
tried initially during a period of non-diving sea-going. Proprietary drug 
name: Hyoscine.

b. Antihistamines: These are often more effective against motion 
sickness, but drowsiness is frequently marked. Considerable individual 
variation occurs in response to the drugs. They MUST be tried initially 
during a period of non-diving sea-going. Medical advice should be sought if 
a suitable drug is not found. Proprietary drug names: Cyclizine, Meclozine.

Ali other preparations are available on prescription or in a weakened 
form of these drugs. Consideration should be given by Diving Officers to 
restricting those on such drugs to diving support only.

2. Headaches. Pain-relieving drugs of ali types should be avoided 
during diving. If pain is sufficiently severe to require drugs, then the 
diver is not fit to dive.

3. Nasal Catarrh. Routine self-medication with nasal drips to 
facilitate ear-clearing, etc., may be medically hazardous. Such routine use 
should only be undertaken under medical supervision. The presence of any 
form of upper respiratory tract infection (common cold, sinusitis, middle ear 
infection, tonsilitis, sore throat, etc.) imposes an absolute ban on diving 
until the infection has cleared.

A nasal spray by the name of Afrin is used by some divers who 
anticipate possible blockages of the nasal passages or sinus. Divers should 
inform the Dive Marshall/Supervisor if they are using this spray.
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6.2, On-diva safety

On-diva safety Includes the time spent dressing or kitting up and 
preparing for the dive and the time spent following the diva during which the 
diving team leaves the vicinity of the water with ali of their gear and 
specimens, Tôo often diva safety ignores ali but actual diva and boat time. 
Many fatal and other accidents are known to have happened during preparation 
and winding up of a diva. It is the Diving Supervisor's responsibility to 
have full control of the operation from the time that the divers approach the 
water with their gear to completion of the diving operation, with ali gear 
stowed, and the divers no longer exposed to risk from normal working or boat
handling hazzards,

6.2.1. Diva safety responsibility

No set of recommendations are suitable for ali circumstances and it 
must be the responsibility of the Chief Diver or Dive Marshal in the absence 
of the Diving Officer to decide if any usual safety measures are 
Inappropriate in the local circumstances. This person should bear in mind 
the fact that weather, wind, sea state, tide and visibility above and below 
water can change during a diva.

6.2.2. Compatibility of equipment

Diving equipment varies considerably. As a general principle, 
equipment, should be as compatible as possible within a group of scientific 
divers for operational as well as safety considerations.

Problems of compatibility do not occur with some types of equipment. 
They include the exact type of wet or dry suits being used, types of fins, 
snorkels, mask», standard weight belts, knives, depth gauges, watches and the 
make and model of ABU so long as the operation of the jackets are similar, 
e.g. direct feed and attached (emergency backup) regulator of the same 
pattern and operated on the same side of'the jacket. Personal preferences or 
the available equipment, often personal equipment, will largely determine 
these items amongst the diving teams.

Other equipment is compatibility critical; that is if there is not 
compatibility of systems and use, the degree of safety is lowered. 1

1. Ali first stages of regulators must be useable on ali air bottles. 
In the event of a bottle or a regulator being found to be incompatible, they 
should be immediately removed from use. If a diver has a matched 
bottle/regulator pair that is incompatible, no other equipment can be matched 
and used in an emergency and the actual conduct of the operation is much more 
difficult, especially where multiple dives are being carried out without 
recharging, and tanks have to be swapped.
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2. Ali direct feed connectors should be interchange!)le so that no 
matter what regulator/direct feed combination vas being used, it could be 
connected to any ABU, lifting device or other equipment in the diving party. 
Buoyant emergency rescue lifts are thus possible among members of the diving 
party without recourse to the emergency air bottle. In the case of dry suits 
ali direct feed connectors must be able to supply air to ali of the suits; 
incompatibility would be especially hazardous in the case of a bag dry suit 
with no natural buoyancy where air supply had run out and the diver’s buddy 
could not supply air through the appropriate connector.

In some other cases, such as the similarity of regulators and the exact 
types of ABU, ali divers should mako practice or working dives using ali of 
the equipment available to the party so that they are sufficiently familiar 
with it to operate it for another diver in the case of an emergency.

If more than one boat and engine combination are needed, it would be 
better if they are of the same make as the divers will become moro familiar 
with the general operation and will be more proficient with this equipment 
under extreme or hazardous conditions.

If electrical equipment is being used the operating current and 
electrical connectors should be fully compatible.

6.2.3. Numbers of divers

Diving shall normally be conducted in pairs, one person being 
designated the dive leader for that dive. In a pair of experienced divers 
who have worked together to the extent of being able to anticipate each 
other’s actions, private arrangements may be made regarding the management of 
the dive underwater, but the Dive Marshal should still indicata the official 
dive leader at least for the record. In the event of divers 1osing contact 
with each other, they should surface after an agreed time interval has passed 
and re-establish contact.

The presence of a fully dressed standby diver with minimum 
decompression loading, ready to enter the water, is strongly recommended in 
ali diving circumstances and is essential in those in which higher than 
normal risks are involved. These include:

1. Operations at depths greater than 30 meters.

2. Diving on equipment or structures which are liable either to snag 
or entangle the diver, or to collapse.

3. Divers operating singly.

The stand-by diver shall be equipped with a tended line or surface buoy 
attached to sufficient line to enable descent to the maximum depth likely to 
be encountered in an emergency.
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uircumstances may arise whore the scientific objects of a project can 
best be achieved by divers operating singly rather than in pairs. There is 
no objection to this provided that overall safety is maintained. There must 
be adequate surface support. The use of a life-line, preferably 
incorporating a telephone, provides maximum safety. Alternatively, a line 
passing to a conspicuous surface buoy may be used. Thia must be attended by 
a surface cover. Diving alone without any form of line to the surface is 
very strongly discouraged.

Solo diving may only be undertaken at the discretion of the Chief 
Diver/Diving Officer, and will be subject to the following:

1. There is no logical alternative method of completing the job.

2. Either a diver's float or a safety line must be used.

3. Ali possible safety and back-up support is provided, including a 
stand-by diver, fully kitted. Depending on what statutory Regulations are in 
force, it may be necessary to obtain exemption in order to conduct solo 
diving or diving with a total team of less than a defined number of trained 
personnel, which varies from 2 to 4 divers present on site.

If circumstances dictate three divers working together underwater, then 
the Dive Leader should give clear instructions to the other two about 
position and distance keeping during free swimming. If four divers are 
involved, they should be organized as two pairs. These principles of 
organization should be followed if more than four divers are involved in any 
one job. An exception to this may occur during elaborate search techniques 
in which hand signals along a rope connecting a number of divers can be used 
by one Diva Leader to control a number of divers.

6.2.4. Diving from shore

One of the main problems faced by a project diving team making a shore 
dive is that very often there will be some distance between the nearest point 
that the land transport can approach the water and the shore entry into the 
water.

Cara should be taken entering the water especially over rocks, and an 
agreed entry point chosen, bearing in mind changing conditions of tide level 
and wind.

Depending upon whether divers have snorkel cover, safety line or 
surface cover boat available, the distance swum should be such that rescue is 
possible in the prevailing sea and weather conditions.

A shore party should be at a position where they can see the divers, or 
their bubbles or their buoys. They should be instructed in hand signals so 
that they will be able to communicate with the divers and they should be 
given clear instructions on what to do in an emergency. They should be 
equipped with a rope for assisting the landing of divers and be trained in 
air resuscitation (8.2.7.).
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Beach dives sometimes involve long surface swims to and from the dive
site,

6.2.5. Diving from small boats

Small boats that can be used in diver support include solid hull, semi
rigid and inflatables. A small boat is one that can be transported by the 
diving team either using a trailer or carrying it in one of the vehicles that 
the diving team is using for transport. In most cases, small boats that are 
likely to be used by divers have outboard engines and equipment is carried in 
special racks or in tie-down bags or boxes rather than being carried in 
holds.

Scientific and boat equipment that is not already fully waterproofed 
should be carried in at least splashproof bags or boxes as small diving boats 
are usually wet to work in and in addition expose the divers to the weather. 
Ali equipment that is not actually being used should be lashed down out of 
the way. Dive planning should take into account what equipment must be 
carried, in what order it is going to be used and thus how it is to be stowed 
efficiently. This will aiso determine the order of loading of a small boat, 
which often must be loaded quickly under difficult conditions.

The dive plan should include consideration of dive teams and the order 
of diving which will determine who sits where and who kits up first, etc. A 
sensible disposition of personnel in the boat during diving operations can 
greatly facilitate a diving operation, e.g. ali diver entry at a rope ladder 
deployed at the port transom by the boatman, who acts as the diver recovery 
helper during that period of time that he has to shut down the engine. To do 
this he never has to leave the engine in case a rapid start-up and quick 
manoeuvering is necessary. If the divers and specimens are coming in 
everywhere, some equipment or specimens will almost certainly be damaged.

Trust local boatmen about local surface conditions and the weather.

There should be two serviceable boats on the working site if possible, 
and if not the single operating boat should carry a spare motor, however 
small. Each member of the diving team should develop and demonstrate ability 
to handle the boat under ali normal operating circumstances; skill in close 
manoeuvering in bad conditions are important as with rotating diving and boat 
teams, any member of the party might be the boatman in an emergency.

(See section 9 for boat particulars).

6.2.6. Diving from large boats

This sub-section refers to larger boats that are dived from directly 
and are yet small enough to manoeuver to pick up the divers. Diving from 
large ships (8.3.6) almost always involves the use of a small cover boat.
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,Boats in this class are usually small fishing or research boats up to 
about 20 meters in length with a freeboard of no moro than about 2 meters to 
the dock space from which the divers are operating. Research boats almost 
always have detachable diving ladders which enable the divers to get back 
into the boat and temporary or permanent diving platforms are fitted on moro 
highly engineered boats. Such platforms usually consist of a wooden or metal 
grid fitted at water level across the stern, with a fitted ladder that 
extends both above the platform and below water. Diving ladders should 
slope inward at the top and there should be a substantial hand raii from the 
top of the ladder for about lm on the deck. Diver access to the water is by 
jumping from the deck or platform and access is up a solid divers' ladder 
that is sufficiently long (1.8m below water) to keep divers from 
inadvertantly going under the hull as the boat rolls. Diver access and 
working space is almost always near the stern of the vessel where the deck 
space in less encumbered, more open and where the lowest freeboard is usually 
found.

The captain or boatman must demonstrate his ability to pick up divers 
by approaching an anchored buoy slowly from the down*current side and 
bringing the boat to a halt with the dive ladder at, or within easy reach of 
divers who might be at the buoy. If at ali possible, the engine should be 
shut down at pick-up point arrival so that there is no possibility of prop 
injury to a diver in the water.

In the case of an emergency, getting the standby diver to the position 
of the divers on the surface, who should never surface off the float of the 
shot line, will take longer than with small boat surface cover, even with a 
good boatman. However, an emergency should be dealt with by approaching the 
divers with the working boat.

Ali diving from a large boat should be done using a substantially 
weighted shot lina and a float large enough to support the divers and the 
float in even a strong current (6.2.7.). The boat should remain in the close 
vicinity of the buoy, keeping downstream of it. An up-current approach to 
the divers on the float at the end of the dive with engine-off allows the 
divers to be picked up safely. It must always be assumed by surface 
attendants that divers are cold and fatigued, and every effort should be made 
to recover them quickly.

It is usually an advantage to operate an inflatable or a small hard 
boat in conjunction with any dive support vessel over IO meters length.

6.2.7. Ropework, terminology, and use of ropes

(See aiso Sections 6.2.8.; 6.2.9.; 6.-2.IO.; and 8.2.4.)

Scientific diving depends both for safety and efficiency of work on the 
use of ropes and line in many different ways. Some of these lines are fixed 
lines on the bottom, some are attached to buoys or floats, and others are 
attached to the divers or between divers. Correct usage of ropes and lines 
can be an essential part of safe and efficient work. Incorrect use can 
result in delays, entanglement, and be a contribution to serious accidents.
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In thio section there is no attempt to describe the details of knots, correct 
rope materials, shackles, etc., which cun be found in Manuals of Seamanship, 
or Diving Manuals. The intention is rather to show how each roping system 
can be used most effectively to maximize safety and accurate work.

Figure 6.2.7.a. shows the general deployment of ropes and lines for 
divers working on the or near the bottom and Figure 6.2.7.b. shows the 
general deployment of ropes and lines for divers working entirely within the 
water column from the surface. The terminology arises from the traditional 
vocabulary of fishermen and sailors, and cannot really be regarded as 
standard. Nevertheless, it is extremely important that a rope technique 
referred to in the text is correctly understood. For this reason alternative 
names have been shown based on different usage from several countries using 
English as a first language.

6.2.8. Buddy lines

Buddy lines are short lines of about a meter or two in length with 
snap-clips on both ends which are used for safely fixing one diver to 
another. Longer lines connecting divers underwater may be used in conditions 
of bad visibility but if there are any currents or obstructions which may 
foul the longer buddy line, their use is not recommended. If low visibility 
buddy lines are used, an agreed communication system using rope pulls must be 
agreed upon and practiced prior to beginning the dive.

Short buddy lines can be carried by the scientific divers but if both 
are working on the shot or sweep lines (6.2.10) a buddy line may get in the 
way and thus would introduce a hazard. A small float mid-way along the 
buddy-line can help to minimize the chance of snagging on the bottom.

A buddy line is a tool that can be used to maximize safety in certain 
diving conditions and on certain jobs. Conversely, there are other 
conditions and jobs where a buddy line would not increase safety and might 
cause problems. When deciding whether to use buddy line, or not, the Dive 
Supervisor/Person-in-Charge should consider at least these factors:

1. Are the divers likely to stay easily within visual range of each 
other throughout the dive?

2. Does the current or wave action tend to cause the divers to become 
separated beyond visual range?

3. Are both divers likely to be engaged in work that would prevent 
them keeping visual contact?

4. Are the divers encumbered with equipment and ropes in such a way 
that a buddy line might easily become entangled? 5

5. Are the divers working close to coral, wrecks, metal structures, 
kelp, or other features or objects that would cause entanglement?
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Fig. 6.2.7.a. Divers working from ropes and lines that allow the divers to 
work on or up from the bottom. Common names for the different types of ropes 
are given, with alternate names.
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Fig. 6.2.7.b. Divers working from ropes and lines that have no component 
of interaction with the bottom. The divers using this system can work in 
mid-water, or in the surface waters of the deep ocean. Common names for the 
different types of rope are given, with alternate names.
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The Diving Supervisor is responsible for assessing the job conditions 
and deciding whether to use buddy lines.

6.2.9. Life line

This is a line that connects a diver directly to a surface attendant. 
In surface demand operations (7.3), together with the air line and telephone 
line, this allows a single diver to work safely underwater. It must be 
securely attached round the body of diver, or to the special strong-point 
provided on some ABU's, and must be strong enough to support more than the 
weight of the diver and ali of his/her gear in air. in the event of an 
emergency, the diver can be retrieved, and there is a line along which a 
standby diver can descend directly to the diver. Diving operations using 
life lines in deep water are usually confined to diving near to the work site 
in conditions of low current drag. In strong currents and shallow water a 
lifeline is useful, provided that the worksite is always downstream of the 
attendant.

6.2.10. Shot (buoy) and sweep lines

Fixed lines are usually needed in conditions where divers might get 
lost, disoriented, or separated from each other, or from surface cover. In 
addition, fixed lines can be an aid to accurate search and survey projects. 
These line systems are particularly useful in low visibility, coastal, tidal, 
and estuarine waters.

Shot and sweep lines are the common working lines for shallow water 
scientific diving and allow the divers to remain in communication with the 
surface party while operating in a wide variety of current and surface 
conditions safely. It is recommended that sets of lines of 10m and 20m 
lengths with snap-clips on both ends of ali lines be prepared as a standard 
part of the project gear. A set of lines for one team should consist of a 
minimum of 3-20m and 5-10m lines. The ropes should be woven and not too soft 
with a tendency to go limp (nylon) and coli in the water or made from fibers 
that will fray and abrade a divers hands (blue polypropylene). 8mm Terrylene 
is a good line for small boat operation. These lines can then be deployed as 
any of the line sets used by scientific divers in the course of their 
operation. Use of the sweep and shot lines are discussed in diving in fast 
currents (8.2.8) and they differ substantially from the ropes used in blue 
water diving (8.2.4).

The shot line (buoy line, main line, down line) is the line between the 
surface buoy and a bottom weight or anchor and is deployed and recovered by 
the boat; its strength and length depends on the type of operation (current 
strengths are important) and the nature of the boat deploying it. Large 
boats can winch up heavy lines and weights but small boat parties can only 
bring up lighter lines and weights. In spot diving the line is usually well 
weighted but In drift or traverse dives, there is usually only a 1kg weight 
to keep the line under tension.
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•
The sweep line (divers' line, horizontal line) is a short line deployed 

and recovered by the divers underwater from noar the base of the shot line. 
It is usually 10a in length as this allows the divers to range safely about 
the bottom on the shot line and remain in rope communication with the 
surface. More than one coil of swdep line can be carried underwater.

The trailing line is 10m or more in length and fixed to the top of the 
shot line at or near the surface buoy. Its other end is supported by a small 
surface float. This line and buoy indicates current direction to the 
boatman, while at the some time providing a safety line for divers who may 
come off the shot line on ascent or at the surface.

6.2.11. Safety and equipment helmets

The use of safety helmets is recommended in certain situations:

1. When divers are working at or noar the surface when cranes or 
derricks are in use from ship or shore.

2. When surface workers are using hand held tools above a shallow 
diving site.

3. When divers are working on underwater or floating constructions or 
apparatus which could move or collapse.

4. When divers are approaching rocks on or below the surface in rough
water.

5. When a helmet provides a good place to affix specialized equipment 
such as lights (8.2.19).

Safety helmets should be well vented so that the diver's head does not 
momentarily become very heavy with the weight of water upon breaking the 
surface, and the helmets worn by canoeists are usually satisfactory for 
scientific diving (8.2.18; 8.2.19).

6.2.12. Communications

There are many forms of communication between divers and between divers 
and the surface:

1. Direct visual. In adequate visibility, hand signals, light signals 
or prearranged signalling such as written instructions and semaphore can 
provide good two-way communication. Standard lists of hand signals are 
published in Diving Manuals and log books.

2. Voice. In the water both telephone and wireless diver communication 
systems are available and must be used in certain situations such as surface 
demand unbilical diving. Voice communication between divers, and diver to 
surface, depends critically upon the design of the voicebox, auri-nasal mask,
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helmet, or full-face mask. The use of a mouthbox or full faoe mask Is 
essential for correct pronunciation of words underwater. Attention must be 
paid to equipment design and to breathing rhythm in order to prevent carbon 
dioxide accumulation. An air filled "underwater telephone booth" allows a 
number of divers to report to the surface by removing a conventional 
mouthpiece.

3. Other acoustic. Any pre-arranged signalling system such as revving 
the engine, banging on metal with a knife or small amounts of explosives can 
communicate or attract attention or convey a specific, pre-arranged 
instruction. Small explosives such as thunderflashes are fine in theory but 
are difficult to light in a small boat on a choppy sea in a rainstorm. They 
should not be used within 20m of divers and for best sound transmission 
should explode just under the surface of the water.

4. Rope or line. Rope signalling plays an important part in underwater 
communications in conditions of poor visibility or during rope searches where 
divers are spread out more than they would otherwise be during a normal 
scientific dive. The number of pulls to convey instructions varies from 
diving association to association and from country to country and any 
scientific diving which involves the use of rope communications must use 
agreed signals and procedures. These are usually published in Diving 
Manuals.

5. Writing. Scientific divers usually carry a plastic pad for writing 
notes with a pencil. This pad can be used to write messages between divers.

Any means of communication between divers and surface results in 
increased flexibility of operation, economy of diving effort and much greater 
safety. Incidents may thus be prevented from developing into accidents.

Ali systems of communication should have a normal operation mode- 
surface listening and diver speaking, temporarily switched for transmission. 
When more than two persons are linked it is desirable to have a simple rule 
of procedure by which speakers identify themselves.

If using a telephone cable passing directly to the diver, it should be 
fitted with a light float to prevent underwater snagging of the slack cable. 
It should be noted that the manufacturer's information about telephone cable 
breaking strains frequently does not apply to the contained telephone 
conductor. Undue strain should therefore be prevented. The support boat 
shouli be large enough to permit proper cable handling by the surface 
operator when telephones are being used. Wireless ultrasonic communications 
sets are waterproofed and small enough to use from normal diving inflatables.

Diving flags appropriate to country and diving code should be displayed 
to communicate the presence of divers to those who are not in the diving 
group.
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6.2.13. Recall signala

The meaning of ali signals must be agreed and understood. Any of the 
forms of acoustic or rope signaling (6.2.12) may be adequate. In an 
emergency, the ultimate recall Is to pull up the shot line along with the 
divers on It. Care must be taken not to pull the line In too quickly. This 
method should not be used If there Is any risk that the divers are not 
attached to the shot, or If the diver's sweep line could be fouled on 
wreckage, rocks or coral.

6.2.14. Homing gear.

Directional acoustic navigation aids can be used for free-swimming 
along a predetermined course or for returning to any point. Where any of 
these systems is used, the dive should be planned so that the apparatus 
contributes to diving safety.

Surface communication by VHF radio is recommended for operations in 
which the diving site and the small boat cover are situated at distances more 
than about 0.5km from the operational base or ship. This is particularly the 
case if the work involves changes of plan during a dive. Direct wireless 
communication from a diver via a cable to a surface buoy and aerial has been 
tried experimentally and might prove convenient in certain situations.

6.2.15. Buoyancy control

Ali divers shall wear a weight belt with a quick-release system 
accessible and capable of immediate release using either hand. Divers should 
ditch their weight belt before getting into a state of extreme fatigue. 
Institutions are encouraged to replace jettisoned weight belts at no cost to 
the diver.

Some cylinders in common use are so heavy that a diver wearing a twin 
set requires no weight belt. In this case the breathing set should be fitted 
with additional incompressible buoyancy so that a weight belt of about 4kg is 
required.

An inflatable life jacket or stabilizer jacket of the refillable air 
type (ABU) is almost mandatory now for the majority of scientific diving 
situations. It should be capable of being filled from an integral air 
cylinder of sufficient capacity to provide an emergency air supply to a diver 
making an emergency ascent and should not be used except in emergency. A 
direct-feed from the main bottle is useful in some typee of diving. An 
integral direct-feed and emergency demand regulator which allows air from the 
life jacket to be breathed combined with a good ABU gives the diver maximum 
flexibility and safety and is recommended for ali scientific divers.

The use of an ABU to assist in the lifting of heavy objects is 
dangerous, especially if heavy objects are dropped by mistake. The diver 
must be able to vent air rapidly from the jacket in order to prevent an
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uncontrolled buoyant ascent. If heavy objects do have to be lifted It is 
recommended that a lifting bag be used except in conditions where this 
introduces additional hazard or where it is impracticable, such as in strong 
currents.

€.2.16. Prea ascents

The routine training of divers in the practical experience of free 
ascent techniques is controversial. Some fatal accidents have occurred in 
training, especially in submarine escape training towers.

It does not, however, seem reasonable to advise divers to rely in 
emergencies on physical skills and psycho-motor co-ordination for which they 
have no practice. The control of venting of the lungs in such a way as to 
maintain a buoyant ascent at a gentle rate with minimum swimming effort and 
without straining the lungs requires a control that is not instinctive. It 
is unsatisfactory that many safety authorities presently advise divers not to 
do training, but to use the method in emergencies. Book learning cannot 
provide the conditioning of reflexes and instil the necessary confidence and 
relaxation.

If divers are going to be advised to use free ascents in emergencies, 
they should be given practical training under closely controlled and 
supervised conditions, with medical advice.

Legislation, sports diving standards, regulations, and naval practice, 
vary from country to country on this issue. Those divers who have been fully 
trained in the method tend to rely upon it with full confidence. The Diving 
Control Board/Diving Officer should decide on the evidence available whether 
it is better to approve the training, or forbid the use of the techniques 
altogether.

It is possible that the technique might be considered moro acceptable 
in the disciplined circumstances of a well-controlled scientific diving 
program than in the sports diving environment. It is worth noting that 
divers will inevitably learn about free ascents from books, and may be 
tempted to experiment on their own if not properly taught.

6.2.17. Perceptual deprivation underwater

The undersea environment produces various psychological changes in the 
diver which are not necessarily attributable to narcosis. Diving presents a 
natural form of sensory and perceptual deprivation, and some of the effects 
of such deprivation, which have been demonstrated experimentally can be 
observed in the diver. These effects are even more pronounced when diving in 
turbid or mid-water.

Time duration is often underestimated, sometimes to quite a large 
degree, e.g. 50% or more. This should be borne in mind when diving with a 
limited gas supply.
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ReaBonlng_abllitv is impaired. Thia includea a wide variety of 
reaeoning, auch aa mental arithmetic, logical compreheneion and non-verbal 
reasoning. There appears to be a trade-off hero between accuracy and time 
but this is not yet quantified. Errors are often made if one trios to solve 
the problem underwater in the same time it takes to do on the surface; 
whereas it often takes up to 60% longer to solve the same problem underwater, 
with usually a slight drop in accuracy. Whero possible, ali "thinking" tasks 
should be completed on the surface before diving. Aiso, data should be 
collected underwater in its raw form and analyzed on the surface. 
Decompression tables should not be worked out underwater, except in 
emergency.

Memory. both short and long-term, does not function well underwater. 
Godden & Baddely (1975) have shown, however, that items memorized underwater 
are better recalled there than topside.

In dives of a technical nature, e.g. surveys, thought should be given 
to debriefing the diver towards the end of the dive, while still underwater, 
or using umbilical systems with telephones to report data throughout the 
dive. This can be accomplished by giving the diver a formatted response 
sheet to complete for each job. Failing this, a response sheet may be given 
immediately on surfacing or while the diver is in a chamber. Such a sheet 
should take no more than 1-2 minutes to complete. A more efficient method is 
for the diver to give a verbal report to the supervisor over a diver 
communication system. If possible, this report should be recorded.

Where divers work in sequence on a task, it is advisable that they are 
debriefed immediately at the end of a dive, and that their observations are 
recorded in s standard format. This enables a consistant picture to be built 
up, in spite of memory problems.

Judgement/estimation of measurements is often unreliable, especially in 
turbid waters. Whether divers tend to under- or overestimate has long been 
cause for debate. Experimentally, both types of error have been reported 
(e.g. Luria, et al.; 1967, Ono & O'Reilly, 1971). However, more recent 
research (Leach, 1982) has shown that the more turbid the water, the greater 
the tendency to underestimate measurements-if the task is within the manual 
workspace. If the task is outside of the reach of the manual workspace, the 
tendency is to overestimate; there is a crossover distance at uround 1.2m 
from the diver. In over 90% of cases, measurements are reported from within 
1.2m. If measurements are to be made on a dive, then research tools should 
be brought underwater such as measuring tapes or scales printed on knives or 
other implements. As a last resort, ali divers should know some of their own 
physical measurements, e.g. length of forefinger and forearm, span of hand, 
width of wrist, etc.

6.2.18. narcosis and decision making

Inert gas narcosis impairs many aspects of diver performsnee, both in 
intellectual and manual skills. These narcotic effects, which have been 
likened to drunkenness, are normally felt at depths greater than 30 meters 
and increase progressively with depth. Stress and anxiety greatly exaggerate
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tho effoeta of narcosis and can impair performance even with the usa of a 
non-narcotic gas (Helium,). Frequently (dally) repeated dives tend to reduce 
these effects and increase tho work capacity of the divers.

At depths greater than 50 meters, practice dives should be Increased 
gradually to a depth slightly greLter than the projected working depth, and 
should involve no work task. Only two divers should be involved. Only when 
divers are confident at depth should work be undertaken.

Surface/diver communication is strongly recommended, although core is 
necessary to avoid over-exertion and breathlessness from too much talking. 
Even if in communication, agreed dive plans should not be altered in mid-dive 
by decision of the divers who may be narcotized below 30 meters.

6.2.19. Decompression meters

Decompression meters of the 1960's and 1970's were analogue Instruments 
that attempted to model the behaviour of the human body as it absorbed and 
released gas during an exposure to pressure and return to the surface. 
Simple tests showed that this approach could not model dives effectively, and 
was particularly unreliable in repeat dives.

Since 19B0 a number of much moro sophisticated instruments have been 
developed, modelling the tissues of the body with up to 12 different half
times from 5 minutes to many hours, and using physical or thermodynamic 
equations, which are re-computed digitally at frequent intervals. These 
instruments have proved moro effective, and apparently safer. Since they 
give the diver many advantages, the urge to use them is very strong. 
However, some serious problems must be borne in mind. If we consider the 
apparent advantages first, the problems become clearer.

Apparent advantages:

1. The diver can perform a variable profile dive, not a rectangular 
profile dive, and the computer calculates only the gas that has actually been 
absorbed. Compared with the tables, which are based on a rectangular 
profile, there should be less gas in the body, and therefore the 
decompression required takes less time.

2. Decompression stops do not have to be carried out at any particular 
depth. As the diver ascends the computer calculates the rate of gas loss 
from each tissue, and indicates how much further the diver can ascend safely. 
The diver chooses the rate and depth of out-gassing to suit the work and 
weather conditions.

3. After surfacing, the dive computer shows how many minutes could be 
carried out, without need for decompression, at various depths on subsequent 
dives. The diver is therefore informed that It is worth re-entering the 
water eo perform a short task, when, without the decompression computer, 
he/she might have waited several hours. Taken to its logical limit, divers 
use this information to carry out five or more short working dives in a day, 
where some repeat tables would have limited work to two dives, and others
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would havo required extremely complex calculations of uncertain reliability 
after tho socond dive.

These advantages are sufficiently Important In terms of work achieved 
per day, and reduced costs and duration of projects, that they need to be 
very carefully examined. The key factor Is that ali the computers assume 
that solution and degassing are controlled by smooth analytic equations that 
are determined by the external factors of time and pressure only. In 
contrast, many physicians consider that there are some random and non*linear 
elements that Initiate bubble nucléation and blood platelet accumulation. As 
soon as the diver ascends slightly and reduces the pressure, at any time 
during a variable profile dive, there Is the chance that a bubble will start 
to nucleate. From that point on the critical equations, which determine 
whether the bubble will grow and cause a bend, are not those that are 
programmed Into the computer. The designers of decompression computers 
reduce this risk by recommending very slow rates of ascent at ali times, so- 
called "bubble-free" ascent. Again the evidence for the possibility of 
totally bubble-free ascent Is controversial.

The viability and reliability of decompression computers will only be 
confirmed ultimately by the endorsement of physicians and experts In diving 
physiology. At the moment this endorsement Is not forthcoming, although 
several thousand such Instruments have been sold, and many divers use them 
without apparent adverse effects. However, until truly objective tests on 
thousands of dives and divers have been carried out and published, Diving 
Officers should treat these instruments with caution.

The displays provided by decompression computers vary. Different 
instruments provide different data on ascent time, duration to no-stop limit, 
sur:ace interval time, permitted duration of next dive, etc. In ali cases a 
partial ascent will result in the instrument computing the gradual de-gassing 
of the body, especially the faster tissues, regardless of whether the diver 
ascends to a specific depth and makes deliberate decompression "stops". 
Divers who use these instruments regularly tend to ascend slowly and 
steadily, ofton working during the ascent, and losing most of their gas at 
intermediate depths, rather than performing shallow stops of long duration. 
It is not clear how the instruments compute the effects of ascending too fast 
or ascending above the permitted "ceiling".

It is advisable to remember that the usy of a decompression computer is 
likely to encourage divers to make many moro dives during a day, and that the 
divers will ^ben be working in a state that is not provided for by any 
published ta les. Whereas a few repeat dives may be permitted by published 
tables, with a conservative safety margin, decompression computers can take 
no account of work level or cold, or other adverse conditions. As it Is 
often the case with diving practice, experienced divers tend to play safe, 
and work slightly within the limits Indicated by the decompression computer.

It is a sad fact that out of the millions of dives that have been 
conducted on scuba, accurate diva profiles have hardly ever been recorded. 
The traditional practice of recording time of leaving surface, arriving at 
bottom, leaving bottom and arrival at stops, and arrival at surface, Is not 
enough to prove that two dives are Identical. Thus the data base on which 
the effectiveness of decompression tables might be tested is very poor.
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There is a further disadvantage attached to the present dive computers 
in that the dive profiles and decompression stops are not known and not 
recorded in any fashion. Apart from the total duration of the dive and the 
maximum depth, the diver has no data to enter into his/her log book. In the 
event of a pressure related accident the diver's exposure profile is not 
known, and similarly the profile and decompression stops for previous dives 
are unknown. From the point of view of verifying the safety of the computer 
formulae, maintaining safety in general, or checking the safety of the 
instruments themselves, this is a problem. It is strongly recommended that 
divers who use these instruments attempt to record their dive profiles, 
particularly the final ascent phase, as carefully as possible. It is aiso to 
be hoped that the manufacturers of such instruments will, in future, include 
a diva-profile play-back function, which would enable the diver to retrieve 
the critical depth-time data.(Hennessey, 1977).

6.2.20. Electronic instrumentation

Electronic instrumentation is rapidly replacing older techniques in 
scientific data recording underwater as the equipment becomes more specific, 
cheaper and easier to use. Direct measurement of environmental parameters 
such as oxygen saturation, temperature, salinity, etc., are now available to 
divers, at least for probe operation from small boats. This greatly 
facilitates much scientific work, particularly environmental studies bearing 
on organic pollution.

Electronic instrumentation in depth gauges, watches, air contents, 
diving computers, and decompression computers, are currently becoming 
available. There is no doubt that further development is inevitable (10.9) 
and that electronic instrumentation willi make an impact upon science diving 
similar to that which has been made on many other fields of scientific 
endeavor.

6.3. Post diva safety

6.3.1. Diver location aids

The wearing of a fluorescent orange hood by divers if there is any 
chance of their surfacing at distance from the cover boat increases the 
chance of location.

Further diver location aids are flares, rockets, dye markers, whistles 
and radio and light beacons. These gadgets are neither foolproof nor 
entirely reliable, and ali depend upon common sense for effective use. The 
following points are relevant: 1

1. If a diver surfaces away from the work site well within the planned 
diva time, he/she may not be missed immediately, and there will be less 
search effort than if he/she is overdue.
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2. Depending upon surface conditions allowing divers’ bubbles to bo 
tracked, the occupants of the cover boat may realize that one diver has 
become separated from the others, and would probably know in which direction 
the diver disappeared. The lost diver may therefore be expected to surface 
in a predictable general area.

3. Owing to the diver's low position in the water, although at times 
he/she may be able to see the cover boat, the research vessel and/or the 
shore, it does not follow that persons at those positions will see the diver. 
Flares, rockets and dye packets should not be wasted, but used when there is 
a high probability of the searchers seeing them. For example, the lost diver 
should not let off a flare when a boat is heading away, but wait until it is 
heading in the diver's direction.

4. Searchers in a small boat are unlikely to hear a whistle with the 
engine running. If it is known that divers carry whistles, they should stop 
the engine at frequent intervals. If the diver can hear those quiet periods, 
this obviously is the time to use the whistle.

6.3.2. Diver recovery equipment

Equipment for the recovery of divers onto small boats ara generally 
rope ladders and hand-holds on the small boats and rigid ladders on large 
boats. Large ships can have diving platforms or even interior wells into 
which small boats can motor directly from the sea or inclines similar to 
those common on whaling boats on which small boats can be 'beached'. A diver 
in trouble should be man-handled wherever possible and roped at other times 
so that circulation is not constricted. Davits or crane may be needed on 
large vessels. Excellent techniques for recovery of unconcious divers have 
been developed by Hendricks (1986).

6.3.3. Life-saving and artificial respiration.

Standard methods of life-saving must be taught as part of the diving 
training requirements for ali divers. These methods are laid out in various 
countries in manuals and pamphlets. Life-saving associations and diving 
clubs and federations usually give courses which can be utilized by the 
scientific divers. .

For deep diving operations, experienced divers should be trained by a 
qualified instructor in the techniques of deep diving rescue and recovery as 
laid out by CMAS and diving clubs and federations of clubs.

Ali divers should familiarize themselves with the procedure for Expired 
Air Resuscitation (EAR), and other forms of resuscitation, including external 
cardiac massaae (ECM). These are aiso described fully in various diving 
manuals and handbooks (Appendix 2). Practical instruction in these 
procedures may be obtained through local Ambulance associations or from local 
safety groups. It is recommended that one or more members of the diving team 
at any project site should have received formal instruction in First Aid.
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The administration of oxygon by first aiders has boon questioned by 
some non-dlvlng authoritea. Oxygen is often considered to be a drug, and 
there are laws in some states that regulate the use of oxygen. Rescuers and 
divers should be aware of such laws, especially if they specifically forbid 
the use of oxygen in a first aid situation.

Supplimental oxygen is a very valuable treatment in the first aid 
management of air embolism and decompression sickness. Breathing oxygen will 
eliminate some nitrogen from the body by producing a nitrogen partial- 
pressure gradient between the problem bubbles(s) and the surrounding tissues. 
The pressure gradient causes nitrogen in the bubble to dissolve in the 
bloodstream and be eliminated through the lungs. Any increase in oxygen 
being supplied to the injured area will aiso be physiologically beneficial, 
especially if brain tissue is involved (See Section 11).

First aid courses should include training in administration of oxygen. 
Oxygen resuscitation equipment should be held at diva sites and on dive 
boats, provided that there is a person present who has been trained in its 
use.

Administering oxygen to a conscious, spontaneously breathing individual 
is not difficult and is usually safe with the proper equipment. The 
concentration of inhaled oxygen should be as near 100% as possible in order 
to achieve maximum benefit. A demand- typa oxygen breathing unit with a 
tight-fitting, double seal oral/nasal mask and an adequate oxygen flow rete 
is necessary to deliver the required concentration. Constant flow devices 
(inhalators) using nasal cannula, simple elongated face masks, partial 
rebreather masks, etc., will only deliver low, ineffective concentrations 
(25% to 60%) depending on the metered flow rate. In the event that only a 
constant flow device is available, deliver oxygen at a flow rete of IO liters 
per minute. '

If the victim is unconscious or not breathing spontaneously, oxygen 
administration becomes more complicated. In this situation, the first aider 
must have a thorough understanding of airway management and the use of 
adjunctive equipment. Such techniques and equipment are beyond the scope of 
this code. The diver and diva leader can only be encouraged to acquire 
additional special training. Many community colleges and scientific 
institutions offer Emergency Medical Technician courses that include this 
type of training. Use of oxygen in the early stages of managing a diving 
accident victim may reduce or totally relieve the symptoms within a short 
time. If this does happen, do not be deceived into thinking that the problem 
has been completely resolved. Oxygen breathing must be continued, the victim 
transported to the nearest medical facility, and a diving physician 
consulted. Oxygen breathing at atmospheric pressure must not be considered 
as a substitute for hyperbaric treatment in cases of decompression sickness 
and air embolism.

The provision of an adequate First Aid Kit is essential for ali diving 
operations. The requirements of such a kit will differ with different diving 
operations. Medical advice should be sought in advance, when working in 
remote-locations' or vinfamiliar environments. Oxygen resuscitation equipment 
should be carried and divers trained to use it.
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6.3.4. Emergency situation procedures

General discussions on the statistics of, and causes of diving 
accidents can be found in Appendix 2. Ali members of the diving team should 
be well enough briefed so that they can take independent action.

In an emergency, when there is a threat of loss of life, serious 
physical harm or grave environmental damage, a scientific diver may, at their 
own discretion, violate these and any future regulations. Divers who do so 
must notify the Diving Officer as quickly as possible. A written report of 
such instances shall be submitted to the Diving Control Board, explaining the 
circumstances and justifications for the actions taken.

6.3.4.1. Emergency diving equipment on research vessels

Oceanographic research vessels frequently have trained divers on board 
or scientists who are trained to dive, even when the cruise project in hand 
does not require diving. On ali oceanograpMc operations there is the risk 
that cables or equipment may foul the ship's propeller, or that expensive 
equipment may become tangled underwater. On such occasions it is useful to 
have diving equipment available that can be used in emergencies.

Diving equipment, which has be.en put on board a research vessel for use 
in emergencies, is under the direct control of the Captain. The Diving 
Officer shall provide a set of regulations stating under what conditions the 
equipment can be used, and what qualifications of divers must be on board 
before the equipment can be released. If the equipment has to be used, a 
report must be submitted to thé Diving Officer, :rr:itten jointly by the 
Captain and the senior diver involved in the operation.

6.3.4.2. Action during an emergency situation

If the emergency arises underwater, the buddy diver must render 
assistance. Ali divers should' be trained in buddy breathing and should 
practice the technique underwater. The buddy diver should assist the diver 
to the surface, on the surface, and to the boat, and afterward as instructed 
by the senior diver present. • ;

Proceed with assistance to the injured person, e.g. first aid, 
artificial respiration, warming up, etc.

Recall ali divers or swimmers to the boat or shore. If decompression 
would normally be required, balance the risk of abbreviated decompression, 
and the possible requirement for recompression later, against the immediate 
risks.

Contact doctor, coastguards, helicopter (6.3.5), home base, passing 
vessel or the nearest compression chamber as appropriate, using radio if 
possible.
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Make sure that: other members of the diving team are not at risk and 
that, in the haste of the emergency, no equipment has been left.

Proceed as fast as possible to the nearest port, hospital or 
compression chamber as dictated by the circumstances and the casualty's 
condition.

Note down immediately the details of the casualty's dive during which 
they were injured. Conditions of emergency often lead to neglect of 
completing the diving log, and make it impossible afterwards to work out how 
long the diver was in the water, or how much decompression the diver should 
have had. While this record may contribute only slightly to successful 
treatment of the injured person at the time, in the long term it is essential 
to the understanding of diving accidents and their avoidance. Isolate and 
keep under lock and key every item of the injured diver's equipment for later 
analysis.

Particularly if recompression is required, try to ensure that ali 
recent dive record sheets or log books are available for the doctors, as this 
may assist treatment. The details of the diver's last medical examination 
may aiso be useful if it can be obtained quickly.

If the accident is fatal, or seems likely to result in a fatality, 
notify the Director of your establishment or Head of University Department as 
soon as possible. This person will notify the next-of-kin. In the event of 
a fatality, the doctor involved, or your Director, will notify the statutory 
legal authorities.

When the immediate emergency is passed, and ali necessary steps have 
been taken to assist the casualty, a full record of the incident should be 
compiled. Depending on the exact sequence rf events, the Dive Marshal/Dive 
Master may have time, e.g. while the boat is heading for shore, to start 
making notes, obtaining details from other divers, noting exact times, etc.

Remember that the buddy of a diver who develops symptoms of 
decompression sickness, even on a dive apparently carried out according to 
the tables, may aiso develop symptoms later and require recompression.

6.3.4.3. Reporting procedures

The amount of detail required in, and the circulation of, the report 
depends on the seriousness of the incident. The procedures given here are 
the minimum which should be carried out in the various circumstances.

Accidents, resulting_in_no_permanent_iniurv_._ Such accidents include 
large flesh wounds, broken bones, concussion, decompression sickness and 
other injuries which would prohibit the diver from noradi work or diving for 
a period. The accident should be reported in full to the Diving Officer, who 
will decide whether there is any evidence of negligence or unsafe diving 
practice. Before recommencing diving, the injured diver should have a full 
medical examination.
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Accidents—resulting—in_permanent, ln.1 ur.v__or-inability to_dive.. The 
fullest possible report should be compiled by the Dive Marshal/Dive 
Supervisor/Person-in-charge and submitted to the Diving Officer. This should 
be submitted, with the Diving Officer’s comments and recommendations, to the 
Director of the establishment or Head of Department, or Diving Control Board.

Periodic medical examinations of the injured diver should be made to 
establish progress and rate of recovery. A diving physiology research 
laboratory or other experts concerned with diving medicine should be 
consulted.

Depending on the seriousness of the disability, and the circumstances 
of the accident, the injured person may have a claim for damages against the 
employer, or the organizers of the dive. To establish this claim, and the 
liability or otherwise of the employer or dive organizer, a full enquiry, 
with legal advice may have to be carried out.

Accidents resulting in fatality. The Director of the establishment 
Diving Control Board, or Head of Department, must be informed at once. The 
normal civil legal enquiry into cause of death will be conducted as a matter 
of course, but it is almost certain that there will be a fuller enquiry 
afterwards to establish the circumstances of the accident in the interests of 
improving diving safety, or the settlement.of claims for damages, etc. The 
fullest possible report must be compiled. Expert medical opinion must be 
obtained.

Specimen accident report forms are given in Appendix 6.

General instructions for dealing with accidents are:

1. Keep calm and reassure patient.

2. Keep patient on oxygen and incline head downward, left side down 
during transportation.

3. Ensure paramedics/physician understands about the effects of gas and 
cardio-vascular interaction if they have not dealt with decompression 
sickness.

4. Do not stop giving oxygen to a diving accident patient even if 
patient is breathing normally unless there is a need to reopen the airway, or 
the patient shows signs of oxygen convulsions (without pure oxygen, bubbles 
will combine with nitrogen and aggravate symptoms). 5 6 7 *

5. Keep patient out of hot sun and watch for shock and protect patient 
from environmental factors.

6. Do not give pain killing drugs.

7. A complete history of ali events leading up to the accident and
evacuation must be forwarded with the patient.
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8. Depth gauges, tanks, regulators and other diving equipment should be 
forwarded with the patient and should be properly tagged, or at least set 
aside without tampering, especially if the accident was fatal,

9. Be aware that a well-trained diver may be the most knowledgeable 
person on the scene regarding diving accidents and must, therefore, make a 
continuing effort to insure that proper treatment is given.

6.3.5. Evacuation by helicopter or aircraft

Each evacuation by helicopter presents unique problems. Knowing what 
to expect and the procedures to follow will save time, effort and perhaps a 
life, as well as not further endangering the victim or the crew of the
helicopter. Aircraft evacuatim is subject to the same general instructions, 
especially with regard to maximum recommended altitudes.

1. Request a helicopter with a medic crew and oxygen.

2. Try to establish communications with the helicopter. If your radio
does not have the necessary frequency try to find another radio. Hark
position of the victim by use of smoke flare on (lighting the helicopter as 
there may be other boats and divers in the vicinity.

3. If pick-up is from a boat, maintain a speed of IO to 15 knots into
wind about 20 degrees on port bow. Put ali antennas down, if possible
without losing communications. Secure ali loose objects on or around the
decks because of the strong downdraft generated by the helicopter. Do not 
secure the line trailing from the helicopter, basket or any cable from the 
aircraft to the boat. Always let the lifting device or cable touch the boat 
before handling it to prevent electric shock.

4. Hake sure the patient is ready in advance of the transfer, because 
time is critical both to the victim and the hovering aircraft.

5. Signal the helicopter pilot when ali is ready, using hand signals by 
day and flashlights at night.

6. Place life jacket on patient.

7. Tie patient in basket, face up.

8. Attach personal information such as name, address, age, what 
happened, and what medication has been administered, if any.

. 9. Ensure that flight crews know that is is imperative to fly or 
pressurize aircraft below 220m to prevent intensification of decompression 
sickness. Oxygen administration to victim should continue. IO.

IO. Provided aircraft can handle the extra weight, the diving buddy 
should aiso be transported with the patient, because they aiso may require 
recompression and can provide information, comfort and contact with the 
patient's relatives and friends.
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6.3.6. Radio procedures

In different countries there are different official attitudes toward 
the possession of transceiver radios. In North America and Australia, for 
instance, radios are freely available to citizens and are widely used; some 
other countries aiso practice relatively free use. Other countries such as 
Ireland require licences and in some cases a written or practical examination 
in radio procedures and use, but even in countries which officially require a 
licence, enforcement varies and official policy changes from time to time. 
In other countries possession of radio equipment by a citizen is severely 
restricted and may even be held to be a criminal act.

Radio procedures vary in practice from country to country but generally 
some broad principles apply:

1. Know at what times emergency channels are being monitored, and the 
frequencies of these channels. If possible know where the monitoring 
stations are and what the range of your radio equipment is.

2. Stay on the air broadcasting for the shortest possible time, this 
conserves your batteries (broadcasting uses more energy than receiving) and 
gives others time to talk to you. Aiso other people may wish to use the 
frequency for a message of even greater urgency.

3. Use a cali sign. Identify yourself first at the beginning of each 
transmission statement. Include your position in this statement in even a 
general context.

4. Do not panic and signify a greater urgency over the radio than the 
situation permits; there are three international cali signs signifying 
different levels of urgency that will allow those coming to your aid to 
implement an appropriate response. These are paraphrased from international 
radio procedure instructions and should be repeated in groups of three:

a. FAN-FAN-PAN. Stay on this frequency. I will have a message that 
concerns safety but there is no immediate urgency.

b. SECURITÉ-SECURITÉ-SECURITÉ. Stay on this freqency and keep the 
channel clear. I have a message that involves safety and there is some 
urgency.

c. MAYDAY-KAYDAY-MAYDAY, This is an all-purpose distress cali for 
immediate aid. Persons and craft or vessels in imminent danger. Emergency 
is of a life-threatening nature. With lights or other signaling, SOS-SOS-SOS 
conveys the same message.

Practice radio procedures using available manuals for pilots or the 
literature that is often supplied with the radio. Practice especially the 
saying of numbers and the Alfa, Bravo, Charlie, etc. phonetic alphabet, which 
is used locally. These vary from language to language. The international 
language for air traffic control and for pilots is English and most radio 
traffic is conducted in English.
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SECTION 7. DIVING SYSTEMS OTHER THAN SELF-CONTAINED AIR

7.1. Introduction

For reasons of prolonged endurance, compactness, absence of bubbles 
and/or noise, It is sometimes necessary to use diving equipment other than 
scuba containing compressed air. Because of cost and complexity, these 
methods have not been widely used in the past. These alternate gas mixtures 
and supply systems are now increasingly being utilized by underwater 
scientists, particularly in saturation and habitat diving.

Use of non-scuba equipment usually requires specialized training not 
available to scientific divers except through commercial or Navy schools. In 
different countries there are various Navy manuals and codes of practice 
which cover the use of the equipment.

7.2. Scuba, mixed gas, surface demand, and other systems

This section summarises very briefly the characteristics of the various 
non-scuba systems using different gas breathing mixtures. The technical 
requirements as regards training, safety precautions, etc., for each type of 
equipment are listed in later sections, as shown in brackets:

Surface demand, air (7.3): Very long endurance, relatively cheap, 
limited horizontal range, excellent communications, low breathing resistance.

Surface demand, mixed gas (7.3): Very long endurance, limited 
horizontal range, excellent communications, low breathing resistance, reduced 
decompression times.

Underwater habitats (7.4): Endurance of days or weeks, excursion dives 
without decompression, advantages of saturation, very expensive, requires 
substantial permanent surface support teams.

Lock-out submersibles (7.5): Long horizontal range, depth range to 
about 100 meters or more, advantages of umbilical diving with communications, 
option of different gas mixtures, very expensive, requiring support ship and 
technical back-up.

Oxygen closed-circuit (7.6): Small light sets, low acoustic noise, 
very low breathing resistance, long endurance, absolute depth limit of 8 
meters.

Oxy-helium béii diving (7.7): Depth range greater than 100 meters, in
water duration of hours, voice communications, limited horizontal range, very 
expensive, requires extensive support ship or platform, and massive technical 
back-up.

Mixed-gas scuba (7.8): Prolonged endurance, reduced decompression, 
reduced maximum depth, good horizontal range, moderately expensive, 
specialist training of personnel needed.
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Only a few scientific establishments have experimented with these 
systems outside the Navy and commercial sectors. Alan Hulburt and Frank 
Chapman, Undersea Research Program, (NOAA) NUR, 601 South College Road, 
Wilmington, South Carolina 28403 would be good contacts for any group 
planning to develop diving based on these specialized breathing systems.

A problem with ali mixed gas systems is that cylinders may be filled, 
but not properly labelled or documented, and a subsequent user may not know 
what gas mixture is in the cylinder. Extreme discipline and control is 
needed in this respect. A diver could be extremely seriously injured or 
killed by diving with the wrong mixture, and making the wrong assumptions 
about maximum depth or bottom time. The safest rule to apply is that if any 
diving cylinder is found to be unlabelled, and the gas mixture and date of 
filling is not recorded, then the cylinder should be emptied.

When scientific diving is being conducted with self-contained equipment 
other than open-circuit scuba on compressed air, work-up dives should be 
conducted as recommended in Table 4.1. The time lapse from the last working 
dive should be calculated from the last dive carried out using the same type 
of equipment.

When a working scientist is using self-contained equipment other than 
open-circuit compressed air scuba, it may be convenient to have the standby 
diver or buddy diver on compressed air scuba. However, there must always be 
at least one other trained diver on the surface who has experience of the 
specialized equipment that is in use.

7.3. Surface demand air and mixed gas

Surface supply diving applies to diving operations where divers are 
supplied with breathing gasses by an umbilical from the surface.

A surface supply demand regulator should be supplied by an air or gas 
bank on the surface which has adequate reserve for the work in hand Including 
decompression; or from a compressor via a gas storage unit having adequate 
reserve to bring the diver to the surface with time for decompression in 
event of failure of the compressor. Compressors shall be operated by a 
competent attendant who, if circumstances permit, may aiso be the diver's 
tender. The attendant is responsible for the operating of the breathing 
mixture supply system. The Surface attendant on the gas hose should be a 
diver fully trained and experienced with the surface demand equipment. Each 
diver in the water shall be tended by a separate diver's tender.

The diver should be equipped with a reserve cylinder which can be 
turned on easily, or which automatically turns on, in the event of 
interruption of the surface supply. The reserve should preferably be 
adequate for surfacing including decompression. Where surface supplied 
equipment has not been designed to be used with a bail-out system, the diver 
shall wear an open circuit scuba aparatus complete with an available 
regulator.
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Each air lina supplying air to a diver should be fitted vith a pressure 
gauge downstream of the supply valve and installed oo that the surface 
attendant can read it easily. The lower end of the hose should be attached 
to the diver's harness so that drag on the hose is not transmitted directly 
to the demand valve or mouthpiece. There must be a non-return valve at or 
noar the demand regulator so that gas from the reserve cylinder does not vent 
in the case of failure of the hose, and low pressure in the hose cannot be 
transmitted to the diver.

A standby diver aiso with surface supply should be ready to enter the 
water. The standby systom should aiso have voic>B communication, and a longer 
umbilical than the working set. Two divers in che water can act as standby 
for each other.

In conditions of strong current a life-line should be used. It may be 
inadvisable to use surface demand equipment when working amongst mooring 
ropes or other lines to the surface or in kelp beds and in high currents.

Whenever possible an integrated communication system should be used, or 
a telephone wire should be run in conjuction with the hose or life-line; one 
of the main advantages of a tied diver is that clear, telephone communication 
with the surface is possible (Bevin, 1985; Walker, 1986, p.258).

7.4. Underwater Habitats

Underwater habitats are artificial environments placed on the seabed or 
held at a fixed depth which are pressurized usually to near the ambient 
pressure of their depth. They contain living and working space and allow 
divers to remain underwater for extended periods of time. They allow diving 
excursions to be made longer than permitted by the standard air decompression 
tables that are designed for divers descending from, and returning to the 
water surface.

7.4.1. Introduction

Current underwater habitats are being designed to meet the requirements 
of a broad range of diving scientists. By incorporating saturation diving 
techniques with these work platforms, researchers have the capability of 
living and working for extended periods of time within the environment they 
are studying. This allows for the design of observation schemes and 
experiments which are otherwise not feasible when diving from the surface 
(Hydrolab Manual, 1984; Miller, 1979; Miller & Koblick, 1984)

7.4.2. Saturation diving

The term "Saturation" as used in diving refers to the body's tissues 
and their capacity for absorbing inert gas at a given depth. When the 
tissues have absorbed ali that they can at a given depth, they are said to be
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saturated and the amount of decompression necessary to rid the body of this 
Inert gas will not Increase with continued time at that saturation depth.

7.4.3. Safety considerations on saturation

The primary safety consideration . for saturated divers Is that the 
habitat rather than the surface is their refuge in the event of a diving 
emergency.

7.4.4. General procedures

While each habitat program has specific procedures unique to that 
system and program, divers in saturation must always:

1. Recognize that they are dependent upon the surface personnel for 
support.

2. Familiarize themselves with*the saturation system, its operation and 
emergency, procedures.

3. Be knowledgeable about fire safety.

4. Understand the diving equipment and its proper use.

5. Be familiar with the study area and any navigational aids available.
6. Understand procedures and limits for excursions from saturation

depth.

7. Plan missions and excursions that are compatible with safety 
guidelines, equipment, depth, excursion limits and the abilities of the 
divers involved. 8

8. Assume responsibility for their own safety as well as their buddy's.
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7.4.5. Emergency procedures

' Complete emergency procedures are developed for each habitat system and
must be understood by surface personnel as veli as saturated divers. 
Potential emergency situations may Include the following:

1. Fire

2. Loss of power

3. Loss of communications

4. Habitat flooding

5. Habitat atmosphere becoming contaminated •

6. Accidental surfacing of a saturated diver

7. Diver out of air

8. Injured diver •

9. Lost diver

10. Decompression sickness after excursion

11. Loss of primary breathing gas source to habitat.

7.4.6. Health care

Throughout the history of habitat programs, the most common health 
problems have included ear infections, skin rashes, inflamed sores and 
diarrhoea. By following a strict regime of completely drying one's ears 
after every dive, washing thoroughly daily with soap and water and 
periodically washing out wet suits, these maladies can be reduced or 
eliminated. In addition to the above, heat loss is of concern to the 
saturated diver. By wearing properly fitting thermal protection outside the 
habitat and warm dry clothing inside, heat loss can be minimized. Full 
medical precautions are most effectively described in proprietory commercial 
saturation diving manuals.
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7.4.7. Hazardous materials

To reduce the possibility of fire, atmospheric contamination or health 
problems to the inhabitants, certain groups of materials must be excluded 
from the hyperbaric atmosphere of the habitat: 1. Flammables; 2. Volatile 
materials; 3. Volatile poisons; 4. Mood-altering drugs; 5. Medications whose 
effect may be altered by pressure; 6. Heavy metals or their salts.

7.4.8. Excursion diving

A saturated diver must adhere strictly to vertical excursion limits 
outlined for a particular habitat diving program. There is a danger of 
developing decompression sickness both in the water by an ascent shallower 
than the habitat, or on returning to the habitat after a descent deeper than 
the habitat.

7.4.9. Decompression after saturation (Aiso see Section 11)

' Decompression procedures after a saturation dive vary with different 
systems. Factors determining the decompression procedures include: 1. Depth 
of saturation; 2. gas mixture used; 3. Depth and duration of last excursion 
prior to decompression. 4. Time elapsed since last excursion. Depending on 
the habitat system used, divers may be decompressed inside the habitat, 
either on the bottom or at the surface-; brought to the surface in a pressure 
vessel, mated to a surface chamber and decompressed; or swim from the habitat 
to the surface and immediately enter a surface chamber and be recompressed to 
saturation depth and begin decompressing.

7.5. Lock-out submersible

A lock-out submersible is a vehicle that allows divers to be kept at 
variable pressures on the surface and on descent and ascent while allowing 
them to dive directly from it following "lock-out" after reaching depth.

Some scientific uses for lock-out diving are for exacting, manipulative 
experiments, sampling microhabitats not accessible to a manipulator and 
collecting fragile and delicate organisms. The lock-out submersible may be 
used for long excursions from undersea habitats, while maintaining the diver 
at constant pressure; aiso it may be used by the habitat diver for travel to 
and from greater depths, allowing for safe, dry decompression before 
returning to the habitat (Youngbluthi 1983; 1984).
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7.5.1. Design principles and applications

The lock-out submersible has, in addition to the 1-atmosphere chamber, 
a separate chamber capable of pressurization which permits a diver to exit 
the submersible at depth (Busby 1976, 198.1; Haux, 1982). Divers may be 
transported to the study site at surface pressure or at storage depth from 
saturation. The dive chamber is then pressurized to a slightly greater 
pressure than that of the ambient depth, thus allowing the dive hatch to be 
opened.

The benefits of lock-out diving include greater safety and comfort for 
the diver, and immediate decompression following return to the submersible. 
Aiso the submersible pilot is usually able to control the gas supplies and 
decompression, thus avoiding misjudgements by the diver owing to the effects 
of narcosis. Some lock-out submersibles are capable of mating with a 
surface, double-lock, decompression chamber which allows food and medical 
supplies to be passed to the divers. .

7.5.2. Operational procedures

Divers must complete training prior to lock-out for familiarization 
with dive gear to be used and with operating procedures for compression and 
decompression of the submersible's dive chamber. A shallow water lock-out 
dive should be made prior to deep or mixed gas dives. Current velocity, 
direction and bottom obstacles must be assessed before diving. Precautions 
must be taken to prevent pinching of the gas supply hose in case the 
submersible shifts from current or surge during the dive.

Equipment - The following gear must be used:

1. Umbilical consisting of a non-kinking primary gas supply hose, and a 
communications wire linking diver, tender and pilot.

2. If scuba is necessary, then a neutrally or positively buoyant safety 
line must be tended by the dive tender.

3. Bail-out emergency bottle with either air or mixed gas, depending on 
the composition of the primary supply gas.

4. Heavy-duty nylon web harness with lifting "D" ring.

5. Firm attachment for umbilical to diver's harness.

6. Lifting device capable of recovery of unconscious diver into dive 
chamber shall be rigged and ready.

7. Weight belts must not have quick release bùckles.
o

8. Flotation vests must never be worn, especially those vests with CO 
emergency cartridges.
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Pressurization: Air or nitrox is recommended for dives less than 50 
meters and helium-oxygen gas mixture for dives deeper than 50 meters. The 
dive tender should control pressurization rate to allow immediate attention 
in the case of equalization difficulties.

Decompression: In planning total bottom time for a dive, adequate time 
must be allowed to return to the submersible, to retrieve the umbilical and 
to secure the dive hatch. The pilot or tender should control decompression. 
Oral-nasal masks must be available with oxygen supply.

7.6. Oxygen closed-circuit

Oxygen diving must only be carried out after personnel have received a 
full course of instruction from a Navy establishment or other establishment 
experienced with this mainly military equipment. Diving must be conducted in 
strict accordance with whatever rules apply to the particular equipment and 
usually full consultation must be made with the manufacturer to arrange for 
suitable training.

Normal rules concerning diving pairs and stand-by divers apply; it may 
be an advantage to have the stand-by diver equipped with scuba rather than 
oxygen equipment. No oxygen diving should take place unless at least one 
experienced diver fully trained in oxygen equipment remains on the surface 
during diving.

Gas must be medically pure oxygen and special caro must be taken to 
ensure that ali pipes, seals and taps are free of oil and grease.

Flow-rates must be checked at the start of the project, and weekly 
thereafter. Working diving on oxygen should not be carried out deeper than 8 

, meters.

Divers who normally work with compressed air should, when preparing for 
work involving oxygen diving, carry out work-up dives according to a 
recognized schedule.

-7.7. Oxy-helium and béii diving

Variable amounts of oxygen and helium are supplied to the diver as a 
breathing mixture In order to reduce narcosis, avoid oxygen poisoning, reduce 
gas density, and shorten the time of inert gas flushing during decompression. 
Much of this diving is done from bells.
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7.7.1. General principles

■To increase capability of safely diving to depths greater than the 
limit for air diving operations (8.2.21) and avoid nitrogen narcosis, oxygen- 
helium diving techniques must be used.

Two basic categories of diving can be identified:

1. Intervention diving for short exposure to a maximum depth of about
100m.

Intervention diving can be carried out by experienced scientific teams 
without an extensive logistical and equipment support. Surface supplied 
diving techniques are recommended, while free diving using closed, semi- 
closed or open circuits, and particularly scuba diving with bottles filled 
with oxy-helium mixtures, is discouraged and is considered excessively 
dangerous. Decompression sickness caused by helium gas is more likely than 
air to attack the nervous system and cause permanent disability. With an 
umbilical hose and safety line the diver is always tethered and safety is 
improved by a virtually unlimited gas supply, along with a secure voice 
communication system. Umbilical facilities may be changed to oxygen or 
nitrox supply for decompression on ascent.

2. Saturation diving for deeper depths and/or extended bottom time 
missions.

Saturation diving requires a pressurized béii and a complete diving 
system: '•ivii research establishments rarely can manage these high cost and 
bulky equipment sets and so, usually, saturation béii diving is carried out 
in conjunction with commercial companies or with the Navy (Orzech & Trent 
1985; Keith 1978; Colantoni, 1983).

7.7.2. Guidance for operations

Oxy-helium diving is technically and physiologically more complex than 
normal scuba diving and any diver approaching oxy-helium must first be fully 
qualified and trained in air diving operations. If semi-closed equipment is 
to be used, special training is required.

1. Fullest discussion with the Naval, commercial, or Government 
authorities must be held before considering this method of work and personnel 
and equipment must be selected carefully.

2. Ali personnel shall attend a suitable course on the equipment to be 
used, including training in a decompression chamber on the mixtures to be 
used, and pool and sea practice dives.

3. Decompression must include stages breathing oxygen, nitrox or air.

4. Only approved decompression tables must be used for the dives 
(Appendix 3).
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5. Diving must never be carried out without an on-site compression 
chambor, with transfer-under-preasure facilities. It must be operated by a 
fully trained operator.

6. Divers should be equipped with a full-face mask or helmet. An 
emergency cylinder and suitable thermal protection should be worn.

7. A tender on the surface should handle the umbilical and may 
maintain the communications, while a fully equipped stand-by diver must be 
prepared to enter the water immediately for emergency assistance. These 
attendants should always be divers trained on oxy-helium equipment.

8. A suitably qualified person shall control and time ali the 
procedures, and maintain a complete diving log. He/she should be responsible 
for the possible use of the decompression chamber.

9. An open béii or stage for recovery of divers during in-water 
decompression stops is aiso recommended as well as a heating system, ie., 
warm water circulation, to compensate for loss of body heat owing to the 
longer than usual times spent in the water and the thermal transfer 
properties of helium in the breathing mixture.

7.7.3. Legislative requirements

Oxy-helium diving is controlled by detailed offshore industrial 
legislation in most countries where it is practiced. Scientists wishing to 
use these techniques may have to comply with government regulations and 
conform to commercial practice.

7.8. Oxy-nitrogen, Self-contained mixed-gas, modified air

Conventional scuba equipment can be altered in performance by using 
oxygen enhanced breathing mixtures, either 40% or 60% oxygen. Any equipment 
that is used to store or handle pure oxygen must be specially designed for 
the purpose, and the risk of combustion is such that lubricants and rubber or 
plastic components must not be employed unless designed for use with oxygen. 
Under no circumstances should ordinary open-circuit equipment be used with 
pure oxygen.

The use of an oxygen rich breathing mixture provides greater endurance 
at a given depth before the diver will require decompression stops during 
ascent. The tables for calculating the "equivalent air depth" can be found 
in Navy diving manuals. Since the partial pressure of nitrogen is reduced, 
the equivalent air depth is shallower than the real depth of the dive, and 
decompression is aiso reduced. On the other hand, the higher partial 
pressure of oxygen means that oxygen poisoning will occur at depths shallower 
than the maximum depths on pure air, and this depth limit must aiso be 
calculated before the dive, and never exceeded.
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Although it looks a simple matter to use an oxygen rich mixture in open 
circuit scuba, because the equipment is so simple, extreme discipline is 
needed to made sure that divers stay within the safe range of depth, and make 
tho correct calculations for ascents. The technique has been used 
successfully in some university and institute diving groups, but it is 
recommended strongly that divers planning to use such a system attend a full 
training course *n oxy-nitrogen mixed gas diving.

Oxy-nitrogen mixed gas can aiso be used in semi-closed circuit or 
completely closed circuit systems. The older types of set, usually designed 
for military use, have a reducing valve that feeds pre-mixed gas at a 
constant rate into a flexible counter-lung. The diver breathes the gas from 
the counter-lung, and exhales through a carbon-dioxide absorbent, with the 
scrubbed gas going back into the counter-lung. In this way the diver 
breathes each unit of gas several times, and removes more oxygen from the gas 
than on an open-circuit system. Professional training is mandatory, either 
at a commercial or military diving center. The equipment requires careful 
maintenance, and extreme discipline is needed in filling sets, changing 
carbon-dioxide absorbents and controlling dive profiles.

An oxy-nitrogen mixed gas breathing system gives prolonged endurance 
for a given weight and volume of equipment, and has a reduced bubble outflow 
compared with open-circuit scuba. It is aiso acoustically quieter.

Since 1965 there has been a series of totally closed circuit mixed gas 
breathing systems. The principle is to use a sensor to measure the partial 
pressure of oxygen in the breathing circuit, with an electrical output that 
adjusts the flow of oxygen and inert gas from separate cylinders, so as to 
keep the breathing mixture within safe limits. The objective is to obtain a 
very quiet set, with no bubble noise, and very long duration in relation to 
weight and volume. Some models have been developed for military use, but a 
number have been marketed for commercial or scientific use (Cross and Hanlon, 
1983). Reliability of the gas control system is obviously critical, and in 
order to-obtain this reliability, sets have become complex, expensive, and 
require very professional maintenance. The performance of military sets of 
this type is not available, but it is fair to say that no set, which is 
commercially available, has yet received wide use. Since this type of 
equipment is still uncommon, very careful training would be required, usually 
in conjunction with the manufacturer, or a training establishment recommended 
by the manufacturer.

7.9. Multiple mixture diving, tri-mix

Multiple mixture diving is currently regarded as being outside of the 
range of breathing mixture supply systems available to scientific divers for 
use in the course of their work.
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SECTION 8. DIVING IN SPECIAL AND EXTREME CONDITIONS

8.1. Introduction

Scientific research diving by its nature must often be carried out in 
special and sometimes extreme conditions, e.g. fast currents, zero 
visibility, very cold water, etc., since the scientific requirement controls 
the location of the diving site. Special conditions can be either largely 
environmental and naturally occurring, or artificial and dependent on 
technical or Industrial factors.

The recommendations in the following subsections are intended to be 
supplementary to other established Diving Codes, and to other sections of 
this Code. In every subsection it is assumed that the divers have been 
adequately selected and trained oni the appropriate equipment, briefed and 
trained on the conditions to be expected, etc., and that proper support 
boats, communications and back-up facilities will be provided. As far as 
possible, each subsection deals with the special problems which can arise in 
scientific diving and not with the many diving skills and practices that are 
applicable in most diving situations.

8.2. Environmental situations and extremes

Where a complex working situation arises, such as working in heavy 
surf, in a remote area, or carrying out deep dives at night, project 
organizers are recommended to correlate ali the relevant sections of this 
Code, and to prepare a set of orders or regulations for their project, which 
will usually be based on this Code and normal diving practice. It is 
important to have accurte knowledge of the conditions which the personnel are 
likely to encounter, so that adequate safety precautions can be organized in 
advance.

If two or more conditions referred to here in separate sub-sections are 
combined, then the combination of the recommendations in each subsection may 
fall short of providing adequate safety, since danger factors tend to 
multiply. In some cases the combination of circumstances may require the 
introduction of new procedures and application may have to be made for 
exemption from some statutory regulations (see Sections 2 and 12).

When extreme or special environmental conditions prevail, diving 
operations should be restricted to one operation at a time so that the back
up and support teams can devote their attentions solely to one team of 
divers. If there must be separate teams diving at the same time, each team 
must have its own back-up and surface support so far as possible.
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8.2.1. High Altitude Diving

Diving at high altitude may be an Inevitable consequence of research 
work in certain regions, e.g. Switzerland, central Turkey, etc. or It may be 
an aim In Itself, with high altitude research dives having recently taken 
place at altitudes of around 6,000m. Diving at altitude requires careful 
planning and preparation and should not be undertaken lightly. Factors which 
need to be considered Include,

Area: Generally, the higher that one goes, the more remote Is the
area. This alone can cause problems with logistics, communications and first 
aid (e.g. where is the nearest recompression chamber, does one take radios or 
roly on other communications, etc?). The team must be sufficiently competent 
in the mountaineering, outdoorsmanship .md associated survival skills 
necessary for the selected area.

Logistics: People, equipment and rations have to be moved to and from
the diving site. Depending on the remoteness of the site and the type of 
terrain, movement can be completed in a few hours by vehicle or in days, and 
possibly weeks, on foot. In addition to personal equipment, diving 
cylinders, lead weights and other heavy and bulky diving equipment almost 
always have to be manhandled substantial distances. It is often worth 
considering the use of non-divers to help transport the expedition's 
equipment.

Decompression: Altitude diving can be divided into two sections; low
altitude (100m-3,000m) and high altitude (3,001m-6,000ra). There are no known 
diveable bodies of water much above 6,000m.

Table 8-1. Formulae for depth adjustments at altitude.
Low altitude. A simple formula for depth adjustments relevant to 
decompression for diving at low altitude are provided by the British RNPL 
tables :

Under 100m No adjustment
100m-300m Add k actual depth to obtain table depth
300m-2000m Add 1/3 actual depth to obtain table depth 

2000m-3000m Add k actual depth to obtain table depth

This table refers to divers who have previously had at least 16 hours 
acclimatization at altitude. Other altidude dive formulae are provided by 

the Swiss tables, and by the Canadian DCIEM tables, 1984.

High altitude. No decompression tables seem to exist for diving above 
3,000m. Hennessey (1977), however, recommends the following conversion

formula:
. Depth (tables)» 2 X DEPTH factual)

(Barometric Pressure + 1)
Note that Barometric. Pressure must be__expressed in_bars .

Only no-stop dives should be undertaken as air decompression schedules on 
stops introduce an unknown but certainly even greater risk. Specialist 
advice often may be obtained from diving federations or military agencies in 
countries that carry out high altitude diving.
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AcLimatizatlon: Whenever possible, acliraatization should be carried 
out for low altitude dives. For dives at high altitudes, aclimatization must 
always be undertaken. The most sensible approach is a gradual rate of ascent 
to the diving altitude with sufficient rest periods at intermediate 
altitudes. A useful rule is: climb high, sleep low. Apart from any 
aclimatization necessary for climbing, 24 hours should be spent at the dive 
site altitude before diving.

Altitude sickness: This is a real problem above 4,000m, although it 
has been known to occur as low as 2,450m. Altitude sickness is preventable 
by proper aclimatization. Ali divers on high altitude dives should be 
familiar with the symptoms and treatment of altitude sickness (Hackett, 
1980). It has killed.

Breathing gases: Seek expert guidance on the use of compressed air and 
other breathing gases at high altitude. A recent expedition (1984) 
successfully used pure oxygen during no-stop dives at about 6,000m. However, 
very little is known about this subject. Whichever gas is used, do not fully 
charge the diving cylinders at sea level. Allow for expansion of the gas 
with decreasing atmospheric pressure.

lee: Be prepared for ice diving (8.2.2) as ice is often encountered at 
high altitudes. Preparation means both taking the equipment for cutting 
through the ice (from hammers to augers and even chainsaws) and, more 
importantly, prior training in the techniques of under-ice diving.

In general: Sunburn occurs very easily at altitude. Use a good sun 
lotion and keep the back of the neck covered; a sunburnt neck is not pleasant 
beneath a rubber neck seal. Neoprene contains bubbles that expand at 
altitude and this can make a suit unwieldy. Bag-rubber dry suits may be 
better for altitude diving. Cameras and housings for underwater use are 
designed to resist external, not internal, pressure. Ensure that ambient 
pressure•can be maintained during ascent to the dive site (e.g. remove the 
lens from the Nikonos before ascending).

8.2.2. Polar environments:and under ice

Diving has been routinely used on polar scientific expeditions over the 
past three decades (Fane, 1959; Peckham, 1964; Ray and Lavallee, 1964; 
Rigler, 1972; Maclnnis, 1974; Welch and Kalff, 1975; Horner and Schrader, 
1982; Fallis, 1982; Watanabe et al., 1982; Mel'nikov, 1984; Welch et al., 
1987), and papers concerned with the detailed methodology for working in this 
environment are available (Bright, 1972; Maclnnis, 1972; Anderson, 1974; 
Jenkins, 1976; Rey, 1985).

This chapter briefly reviews the essentials of polar cap operations and 
promotes diving as a safe, effective extension for polar cap aquatic 
research.

Pre-expedition Considerations: Physically and mentally fit, well 
equipped divers operating with simple, well planned diving practices, 
maximize the safety and effectiveness of polar operations. Expeditions to
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If.
either polar region involve ra’p.id transition and novice polar cap divers can 
be shocked by the light changes, the cold and the seclusion.

Operational remoteness cannot be stressed too strongly and the diving 
logistics of an operation, such as equipment maintenance and repair as well 
as the ability to deal with medical problems, must be entirely self- 
contained within the expedition. As part of expedition preparation, 
emergency contingencies should be reviewed, first aid equipment inventoried 
and replenished and oxygen supplies secured. On-site medical personnel 
should be contacted, emergency procedures reviewed, and evacuation routes to 
hyperbaric facilities identified and tested. •

Pre-expedition training is strongly recommended. Rutkowski and Ruszala 
(1980) and Somers (1986) have outlined basic training strategies that can be 
extended to include equipment and method testing. Program directors should 
insist that project leaders participate in these exercises so that personal 
limitations can be identified and dealt with. Frequently, a macho "we've 
done it before, it works no time now, don't worry about it" attitude 
prevails and over enthusiastic novices can be lured beyond the capability of 
their training by "seasoned" divers.

In addition, most polar projects involve short term intense periods of 
activity and the "part-time" diving scientist must be gently reminded that 
limits and skills decrease with age and with inactive life-styles. Prior to 
an expedition, each diver must complete a comprehensive diving medical 
conducted by a physician who understands the rigors of diving. Pulmonary 
function tests are suggested for ali and an active ECG for those 40 years or 
older provides an excellent cardiac assessment, promotes fitness awareness, 
and provides a training incentive.

On-Site: The success of polar diving operations depends to a large 
extent on proper selection and use of equipment. Cold is an ever present 
factor and divers and surface tenders must be able to recognize the signs and 
symptoms of hypothermia in themselves and others (8.2.3.). Warm, windproof 
staging areas not only greatly enhance comfort and promote effectiveness but 
if they are mechanized (tracked vehicles, aircraft or ships), they aiso 
provide valuable pre- and post-diver logistical support. During the dive, 
tenders are especially susceptible to cold, and waterproof insulated mitts 
and boots must be provided. Frostbite on the face should be watched for and 
sun glasses should be worn if tenders spend long periods in direct bright 
sunlight. Post-dive strategies for divers generally involve donning 
additional outer garments over the dry suit unless under garments are 
uncomfortably wet. Moderate exercise promotes rewarming as does the comfort 
of a heated shelter. Fire risk and carbon monoxi ; • poisoning should always 
be considered whenever a fueled heater is used.

Variable volume foamed neoprene dry suits and thin fabric suits, when 
combined with underwear, provide excellent thermal protection. The thin 
fabric, or "bag" dry suits are less bulky, require less weight and are more 
comfortable to wear both under water and on the surface. The key to thermal 
protection is in the selection of appropriate insulating undergarments. 
Synthetic polyester pile, polyester foam, thinsulate, polypropelene and wool 
are available. Because the fabric suits offer little or no thermal 
protection, extra undergarments are required.
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Hands remain the most difficult area to keep warm and until recently, 
wet neoprene mittens with snug fitting wrist seals wore most common. Now 
several manufacturers provide wrist ring snaps for attaching dry gloves or 
mittens directly to the suit. Dry hands greatly Improve manual dexterity and 
comfort and allow longer dive times.

Dry suit hoods are most commonly attached and extra wet suit hoods are 
frequently used. Air 'double' hoods are available from certain manufacturers 
and closed foam bonnets can be used under latex hoods. Neoprene face 
protectors that cover the diver's forehead, chin and lips have been used but 
they can limit access to the mouth and are not suggested. In recent years 
light weight surface supply helmets have gained in popularity because wire 
communications and the extra thermal dry head protection greatly enhances 
under-lee effectiveness. Scuba, however, is still most commonly used. There 
are arguments both for and against.the use of full face masks.

Both single and double hose regulators are used in polar operations and 
Bright (1981) compares their performance during an Arctic expedition. Under 
extreme conditions regulator freeze-up remains a problem that can be 
minimized by keeping regulators warm prior to diving. If the diver does not 
breath through the regulator until submerged and then does so in a slow, even 
manner, free flow situations can be controlled. To further control free 
flow, very dry breathing air should be provided. Because dry air will 
dehydrate the diver, fluid intake must be increased so as to prevent 
decompression sickness.

Double hose U.S. Diver Royal Aqua Master regulators generally have 
proved to be more reliable than high performance single hose regulators. Dry 
suit inflator hoses can be attached to the hookah port of the regulator and 
cylinder pressure can be monitored by using* cylinders equipped with 
submersible pressure gauges attached to the high pressure port of the va.lve 
stem. Twin cylinders provide extra air, which enhances safety under ice, and 
aluminum tanks have proven superior to steel, especially under conditions 
where restricted base facilities limit washing of equipment. As a safeguard 
against malfunction, divers can carry a separate pony cylinder with a spare 
regulator as an emergency come home system. An octopus rig using two 
separate regulators connected to two take off points on a twin bottle 
manifold may provide the best safety fall-back for regulator freeze-up.

In addition to scuba and surface supply operations, rebreathers have 
been used in polar operations. Although cold water decreases sorbant and 
electronic capabilities, closed circuit systems allow silent, bubbleless, 
free swimming operations (7.6, 7.8), but maintenance may become prohibitive 
(Elsey, 1985).

An even further extension of conventional polar diving operations 
involves the effective interaction of divers and machines. Recently ROV 
(10.3) and DPV (10.2) systems have been used in polar environments. Although 
these units now involve considerable expense and operation support, the trend 
towards light weight and free swim modifications can only enhance their 
effectiveness.
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Surface Support: In general, the moro surface support availablo, tho 
bottor, This applios to both opon water free swim and sub-lee operations. 
In open water operations surface tenders can help stage and recover divers 
and provide lookout and recall capabilities. A communication method Is 
especially necessary where divers could be Injured by drifting lee or marine 
mammal encounters (8.2.13).

In sub-lee operations, surface tenders form a critical part of the dive 
team and are responsible for the overall safety of the dive. In addition to 
actual dive support, tenders are a welcome addition during dive hole 
production, a task that can be accomplished by melting, augerlng or blasting.

During lee diving operations, It Is strongly recommended that ali 
divers be connected to the surface by a line. Although divers can have their 
own rope and tender, a very effective way to deploy scientific teams Is to 
have a safety diver attached to the surface and the work diver attached to 
the safety diver by about 4 meters (13feet) of rope. This arrangement allows 
the data collector unrestricted access to the task but allows effective 
communication between In-water personnel and the surface. Hard wire 
communications via light weight masks or light weight helmets greatly expands 
this capability and aiso significantly enhances data documentation and 
storage.

Light weight webbing harnesses secured to nylon ropes with two 
antlpdodal, non-locking carabIners provide a very positive, yet easily 
disconnected attachment method. Although free flow situations commonly occur 
under lee and dry suit blowups rank a disturbing second In emergency 
situations, getting lost remains the number one cause of fatality. There Is 
no reason for a tethered diver to become lost under lee but an emergency 
procedure should be established before the operation begins (See Somers, 
1986). While a diver Is submerged, the tender controls the safety line and 
communication Is greatly enhanced If the tender Is thoroughly familiar with 
the equipment, procedures and rope signals. Signals (Table 8-1) should be 
memorized and practiced prior to the dive.

Table8^2. Ropssignals.
Tender—t.o_dlveg

1 Pull Are you ali right?
2 Pulls Go down!
3 Pulls Stand-by to come up! 4
4 PullsCome Up!

D lye r_to_Tender. 
I am ali right! 
Give me slack!
Take in my slack! 
Haul me_up_l

The four pull emergency signal demands immediate attention but on 
retrieval, caro must be taken not to snag the diver on the lee or at the hole 
edge. If two divers are deployed on one rope, the first diver may have to be 
pulled clear of the hole before the second diver can reach the surface. 
Surface support is critical in such situations. Marine mammal/diver 
interactions at the lee hole have been documented and confrontation for 
breathing privileges, especially in emergency situations, leaves the diver at 
great disadvantage. In open water visual and/or acoustical watch should be 
maintained for killer whale, walrus, leopard seal and polar bear. In Arctic 
situations, rifle-carrying local hunters should be advised of free swimming 
operations.
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8.2.3. Gold Water

Cold Is ono of tho major hazards that affects divers. Physiologically, 
cold can produce marked cardiac changes that can be life threatening. In the 
early stages of hnat loss, performance Is Impaired with flngors and then 
limbs losing dexterity. Judgement and decision making processes are 
affected, with confusion and slowed response a common problem. Behavior In 
task performance and problem solving can be Impaired to a point of dangor to 
tho diver.

Cold will affect divers differently; some divers are less susceptible 
to cold. There are many conditions that will play a role In cold effects; 
the major ones are; the duration and depth of the dive, the age and physical 
state of the diver, the equipment used, the work to be accomplished, water 
conditions such as current and salinity, and the dive profile. While it is 
important to concentrate on the immersion factor, it is aiso crucial to 
recognize that a major cold stress on the diver Is aiso pre- and post-dive 
when the diver is possibly exposed to cold air, wind, and spray; ali of which 
are significant chilling elements.

Diving in cold water creates problems for diving that can be grouped In 
two main categories ;

1. The problems associated with keeping the divers warm. The physiological 
aspects can be divided into two categories; a. subtle hypothermia, and b. 
gross hypothermia.

2. Winterizing equipment to function in cold water, and choose equipment 
that performs well in the cold.

1. Keeping Divers Warm

a. Subtle hypothermia: A diver's subjective evaluation of their 
thermal balance may vary greatly, and if a heat loss takes place slowly over 
a prolonged period of time, the diver is more likely to misjudge his/her 
thermal state than a diver who cools rapidly. Especially in a macho 
atmosphere, divers may tend to supress the feeling of cold, clench their 
teeth and accept the discomfort. This typically results in a subtle 
hypothermia. It is, however, important to recognize heat loss as a problem 
that is potentially dangerous and renders the quality of the work performed 
as questionable. Feeling cold is by no means mearly a nuisance.

A loss in core temperature of as little as 0.5 to 0.8®C may result in a 
loss in mental capacity of 10-20% and as much as 40% in memory. Muscle 
strength and dexterity may deteriorate to a similar extent. Loss of strength 
is a direct safety hazard, while memory loss and mental slowness entails that 
the scientific value of the diver's performance may be seriously degraded.

A slowly cooling diver may gradually go into a state of stupor while 
feeling reasonably normal. In addition to the effects of cold is the added 
effect of nitrogen narcosis. If a hypothermic diver is exposed to pressure 
that he/she otherwise is normally able to cope with, nitrogen narcosis may 
significantly add to the cold effect and cause an unanticipated reduction in 
mental and motor (muscular) performance. While a thermally comfortable diver
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tonds to respond to nitrogen narcosis with a rolaxod attitude, a hypothormic 
person will often react with anxiety and claustrophobia and may, depending on 
self control and training, respond with panic.

b. Gross Hypothermia: A case of gross hypothermia means a cooling 
that poses a direct hazard to a person's life by influencing heart rhythm and 
breathing. If the core temperature drops below about 35*C, cardiac 
performance becomes erratic. At about 32®C, most persons will be unconscious 
and will eventually die from cardiac arrest and paralysis of muscles involved 
in breathing.

c. Hypothermia: Prevention and Treatment: In practice, gross 
hypothermia is a hazard rarely encountered in diving. Subtle hypothermia is, 
however, an inherent problem to cold water diving.

Cold requires sufficient thermal protection to avoid hypothermia or to 
reduce it to a minimum. This can be accomplished by using suits that give 
either passive or active insulation. Passive insulation means that the diver 
is protected from the cold by an insulating layer that enables him/her to 
retain enough metabolic heat to keep warm. Active insulation, or rather 
active heating, means supplying heat from an outer source like an 
electrically heated garment worn under a dry suit or supplying heated water 
to a hot water suit.

In water down to a temperature of about 5*C, a thick neoprene wetsuit 
is sufficient for dives of up to half hour duration. It is crucial that wet 
suits provide a snug fit in order to avoid water circulation inside. A suit 
with the hood attached to it and a 'long John' trouser is highly recommended. 
Mitts are preferred to gloves owing to better thermal protection. Surfacing 
divers should be supplied with an appropriate facility to doff suits and 
change after the diva, such as a heated shelter and protection from wind.

When using suits that give only passive insulation, it is recommended 
to limit exposure times to 30 minutes and to avoid diving deeper than 30 
meters in cold waters. Since heat balance depends on the diver's own heat 
production to sustain thermal balance, lack of activity means faster cooling.

In water below 5*C, a dry suit is called for unless the dive is very 
short and unless a heated enclosure is available at the dive site. Depending 
on the suit material, more or less insulation will be worn beneath it. Be 
sure to wear enough weights to be able to descend with sufficient underwear 
on, taking into account the compression of air and underclothes within the 
suit with increasing depth. Neutral buoyancy should be maintained by 
balancing input air on descent with air exhausted at the suits’ bleed valve 
on ascent. A dry suit diver will normally require from 12 to 20 Kg of 
weights when dressed for cold water diving. A full face mask may be 
considered as it greatly reduces heat loss from the face/head. For long 
dives passive insulation may not be sufficient and electrically heated 
underwear may be necessary.

For extreme exposures, a hot water suit is considered by many to be the 
best choice. If possible, a system supplying heated, and preferably 
moistened breathing gas should be used. Heated breathing gas brings heat to 
the body core where it is most needed and corrects an inherent physiological
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problem of the hot water suit. Since sonsation of heat mainly relies on skin 
temperature, a diver having warm water flushing through the suit will of ton 
feei comfortable despite loosing great amounts of heat through breathing. 
The diver may then shut down the hot water flow or report overheating while 
core temperaturo is actually dropping. Diving with hot water suits is 
strictly surface supplied diving and requires an experienced diving team and 
topside facilities.

Stage decompression should be avoided in cold water since the diver, 
passively suspended in icy water, may become excessively cold. Severe 
peripheral vasoconstriction, that is, constriction of blood vessels close to 
the skin, will slow nitrogen elimination and render the decompression stop 
ineffective. If stops are required, the decompression time should be 
lengthened in very cold water. Generally diving tables should be used 
conservatively when conducting cold water dives.

If repetitive dives are conducted, it must be appreciated that it v is 
a considerable time to recover heat balance totally. A practical sign that 
rewarming is completed, is the initiation of sweating. Do not trust 
subjective evaluations of being comfortable since the sensation of heat 
relies more on skin than on core temperature. Heat supplied from an outside 
source rather than being generated in the body will produce a false 
perception of being warm again. Normal heat balance may only be obtained 
after several hours, or an over-night rest.

Rewarming of the patient should be prompt but carefully conducted 
either by placing the subject on a cot or bed with plenty of dry blankets or 
by immersion in warm water not to exceed 40*0. Rough handling of a 
hypothermic person poses the hazard of causing more stress than the heart can 
take and ultimately can cause death by cardiac fibrillation and arrest. 
Complications may aiso arise when cold blood from the extremities starts 
rushing back to the core during the rewarming process, causing the core 
temperature to drop even more before it starts rising again. Apply more 
heat/insulation to the torso/head than to the extremities during the initial 
rewarming to counter this effect. If the patient has stopped breathing, CPR 
may be necessary.

2. The technical aspects of winterizing equipment

Every regulator will be susceptible to freezing when used at 
temperatures below about 4°C. Moisture in the breathing gas condenses and 
forms ice crystals that cause the regulator to jam. Whether a regulator is 
likely to freeze depends on the ambient temperatures and on the following:

a. Flow of gas produced per unit time.

b. Relative pressure drop of the gas between the various stages from the 
time it leaves the cylinder until it escapes from the demand valve (secrnd 
stage).

c. Diameter and shape of the various passageways inside the regulator.

d. Moisture of the breathing gas.
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The higher the cylinder pressure, the greater the pressure drop, the 
higher the rate of flow, the more narrow the routes of escape and the moro 
moisture in the air, the higher is the risk of freezing. Pressure drop 
causes cooling of the breathing gas below the ambient temperature, however, 
and a regulator may actually freeze up even if the air/water temperature is 
above 0*C.

In practice, a freeze-up problem normally starts before entering the 
water when divers test their regulators in a sub-zero environment. If the 
air is very cold, lee crystals will form Instantly inside the regulator and 
act as sites for further lee formation during the dive. Water is, of course, 
always above, or at worst, at the point of freezing of fresh or salt water, 
and if breathing from the regulator is postponed until under water, the high 
heat conductance of water will normally keep the regulator above freezing. 
It is highly recommended not to commence breathing from the regulator nor to 
purge it before totally submerged when diving in freezing or near-freezing 
temperatures.

Since rate of gas flow is crucial to determining whether the regulator 
will freeze, a slow, careful breathing pattern should be adopted. Divers 
with a high air consumption are more susceptible to having their regulators 
freeze than divers with a low consumption. Free-flowing must be avoided 
since it is likely to cause instant irreversible freezing.

When freezing is likely, cylinders should be filled with as dry an air 
as possible. Special dehydrating agents in the final filter cartridge might 
be employed.

If the first stage of the regulator has pressure transducer ports that 
communicate directly with the water, an anti-freezing cap should be used. 
This protective cap is filled with an antifreeze such as glycol alcohol that 
prevents freezing of the pressure ports. Many modern regulators have silicon 
filled pressure transducers that are not prone to freezing. This feature 
involving the use of an environmental cap does not protect against freezing 
inside the second stage of the regulator.

A full face mask has the inherent problem that a diver will necessarily 
commence breathing before entering thé water and thereby run the risk of 
initiating a freeze-up problem. It is good practice to avoid prolonged 
periods of breathing from the mask on land and it should therefore be the 
last piece of equipment put in position before the diver enters the water.

93



8.2.4. Mid-ocean (Blue water diving)

Thia sub-section deals with diving in water whose depth substantially 
exceeds the depth of the dive, or where visibility is substantially reduced 
on a dive not approaching the bottom. Diving in the open ocean must be done 
from a large ship, which is necessary to transport the diving party to the 
dive site, with a small dive boat tending the divers in the water.

The most important operational procedure is that no mid-ocean diving 
operation should ever be carried out without a small manned boat of easy 
access (preferably an inflatable boat) located on the dive site and fastened 
to a vertical shot line of greater length than the planned dive depth 
(6.2.7). The shot-line can be stabilized against vertical heave by being 
attached to a damper disc or plastic bucket at the bottom, or a weight not to 
exceed 2 kilograms. Drift of the diva boat may be minimized by using a sea 
anchor. This boat should be self-propelled (only a light outboard is 
necessary because of the proximity of the ship) and it should be equipped 
with a suitable diving first-aid kit and oxygen. Under no circumstances 
should the ship and the dive boat ever be out of communication, and 
preferably, sight. The position of the boat should be maintained using the 
ship's radar.

The primary concerns for a group of divers involved in tasks requiring 
close concentration are orientation and communication. Even very clear water 
is extremely disorienting without a sea floor for reference and extra 
precautions must be taken to avoid directional confusion or separation. 
Without a point of reference in the water, divers may accidentally descend 
deeper than planned; there is aiso the problem of vertigo that may be induced 
by the lack of a reference point. These problems are exacerbated if in 
addition the diver’s line of sight visibility is hindered by special 
equipment or poor water clarity.

The methods for rigging lines for blue water diving are complex and 
should not be attempted without consulting the original references. It is 
strongly recommended that laboratories planning to use these methods make 
direct contact with divers already experienced in the method. For safety and 
operational efficiency ali divers should be attached to light tether lines 
fair-leaded through clips to a 60 gram weight. These clips are connected to 
a central ring fixed to the vertical down line. This system allows the 
teather to be kept taut between the diver and the central ring (Fig. 8.1).

In operations requiring more than two divers, one experienced diver 
should be designated safety diver and should devote the entire dive to 
monitoring position, air supply and status of the other divers. The safety 
diver should be positioned at the central dive line and be in reach of the 
ring holding the tethers for the other divers. Should the need arise the 
safety diver will be able to attract the attention of any diver by pulling on 
the tether. The safety diver should aiso be tethered, but on a one to two 
meter line with a quick-release snap-clip or carabino (Heine, 1985).

The tether lines are needed for communication and because it is 
extremely easy in very clear deep water to unintentionally attain a depth in 
excess of that planned. The tethers serve primarily as a reminder to the 
divers that they have reached a previously agreed-upon depth and define the
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Figure 3.1 Surface boat with operator, down line array, safety diver and
three Workinq divers conducting a blue water dive. Adapted from 
Hamner (1975).
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horizontal limit from the down line, leathers should never be attached to 
the diver's welghtbelt. At no time should a diver ever uncllp from the 
tether and separate from the group (this especially Includes the collection 
of specimens that always seem to Ile just beyond reach).

In the event that a shark or other large marine animal such as a 
marlin, sallflsh, or swordfluh should appear In the dive area It may be 
prudent to terminate the dive prematurely and exit the water. If, In the 
judgement of the safety diver or any diver in the diving team an ascent Is 
desired, the divers should uncllp, hold the tether In the hand, and move 
toward the down line. At the center they should form a circle, release their 
tethers, and move slowly toward the surface. This allows someone to always 
have observation of the intruding animal(s). Shark billies should be carried 
if sharks are expected to be encountered.

Even when a recompression facility is available on the ship, 
decompression diving should be minimized. If in-water decompression is 
contemplated, note should be taken of the strong vertical shear that often 
exists in the water at decompression levels, which tends to force divers 
apart; buddy lines to the shot line are essential.

8.2.5. Oceanic coral atolls

The primary hazards that divers normally consider within coral atolls 
are of a biological nature and involve corals, sharks, stinging and venemous 
species (8.2.13). There are aiso physical dangers of abrasion of boat and 
body against the coral caused by sudden and often unpredictable currents in 
passes and in the submarine drainage system of the irregularly disposed coral 
heads. Currents can be induced by tidal movements that are almost 
imperceptible in open water, and by sudden storms which can pond surface 
water across the atoll, driving submarine counter-currents. In certain 
configurations of atolls, currents in passes connecting the atoll lagoon with 
the open ocean are liable to be hazardous and notices to mariners and any 
available hydrodynamic information should be consulted before planning dives.

Divers can find themselves held against coral or beneath a water-cut 
overhang by current or waves. There are extreme differences between sea- 
state in the sheltered waters of an atoll lagoon and the surrounding open 
ocean. When approaching the fringing reef from the inside of the lagoon, 
sudden and violent surf action can be encountered. Sea-state in passes 
directly open to the ocean may be high, even if well into the lagoon; small 
boat transits across these passes may be hazardous.

Fresh water will often be found in the upper part of the water column 
in an enclosed atoll after a period of rainy but not necessarily windy or 
stormy weather (much of the rain on an atoll is adiabatic and is caused by 
local weather systems which are driven by heated air rising directly above 
the atoll and forming rain clouds when cooled off at altitude, rather than 
frontal system storms). The fresh water will cause haloclines with poor 
visibility In the turbid water at the interface and there may aiso be 
thermoclines. Water movement below a water interface is often quite 
different than above and if a diver penetrates into a body of water moving
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more rapidly, he/she should ascend so as to not be swept away from the other 
divers.

8.2.6. Coral reefs and fringing reefs

Most coral and fringing reefs are situated in equatorial areas that are 
remote from major population centres and the usual support services. 
Locally, however, these reefs of interest are near small ports and sometimes, 
diving services. Medical treatment may not be readily to hand. Even the 
closest reefs to Townsville, the largest population centre in proximity to 
Australia's Great Barrier Reef (8.2.15), are beyond the permitted operational 
range of local rescue helicopters, but many of the Red Sea, Carribean and 
South Pacific reefs have local access.

It is important to minimize and prevent infections and/or tropical 
ulcers. Treat ali cuts promptly no matter how small or apparently 
insignificant they appear. Some folk wisdom suggests a course of vitamins, 
especially vitamin C for a period of time (IO days) before diving to 
strengthen the body's immune system. Heat rashes and fungal outbreaks may be 
troublesome and should be treated promptly.

Divers should be familiar with the appearance and habits of dangerous 
animals, which can be encountered on and around coral reef systems. 
Treatment can be very specific (Edmonds, 1975).

As part of dive planning from shore, small boat or large boat, access 
to a reef system, entry and exit conditions need to be considered (6.2.5.;
6.2.6. ; 9.2). In areas of high tidal range, the changed tidal level between 
entry and exit time must be taken into account; divers can find themselves 
with a very long and difficult walk over jagged live reef at low tide. 
During the course of a dive visual contact should be maintained between 
divers as the use of tethering ropes in the coral environment is not always 
practicable.

The seaward face of a coral atoll or a barrier or fringing reef 
contains ali of the hazards attached to diving around coral elsewhere, but in 
addition there are several hazards particularly associated with this 
environment. The primary danger is that of very rough seas suddenly rising 
up at the reef edge where an often eroding margin gives way suddenly to a 
vertical drop. This is because the face of a reef is characteristically 
steep; plunging away to great depths from the shallow coral reef bank. This 
steep slope, which is often undercut as a result of local changes of sea- 
level, acts as a wall to the movement of water and even without much wind, 
breakers can suddenly form on the reef margin with the impingement of swells 
that can otherwise be undetected on the open sea surface. If divers are down 
on the reef face, they can become involved in the underwater surge of water 
associated with the disruption of sea swell at the reef faoe in addition to 
becoming suddenly enmeshed in rough seas on surfacing at the pick-up boat. 
Divers must be prepared to swim to seaward, possibly underwater (while towing 
a buoy for the boat to follow) in order to find calmer water for pick-up.
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Most incidents around reefs involve cuts and abrasions from the 
extremely sharp surfaces of the growing coral; edges of shell can be as sharp 
as a knife. Dead coral is not as sharp or abrasive,

A secondary hazard is that in the deeper water off the reef face, shark 
are commonly found; attracted by the same often rough water that is 
responsible for disturbing the coral at the margin of the reef and providing 
abundant food supplies (8.2.12).

Note that many coral and fringing reefs are given a level of statutory 
protection by governments. This may take the form of protecting corals or 
other specific groups of organisms, requiring general permits for scientific 
collecting or research, imposing certain bag limits or prohibitions of 
certain collecting methods, or the entire area may be contained within a 
marine park over which a range of rules and regulations apply. Ascertain, as 
part of the dive planning, the nature of any restrictions or permit 
requirements and ensure that these have been fully complied with.

It should aiso be remembered that because of the generally good water 
clarity around reefs, visual techniques can often be used rather than those 
relying on actual collection of specimens. For example, visual census 
techniques have been developed for a variety of fish (Anon, 1979a; 1979b; 
Reese, 1981; Craik, 1982), crown-of-thorns starfish and their feeding scars 
(Done et al., 1982) and coral and other invertebrates (Stoddart and Johannes, 
1978).

8.2.7. Surf and rough seas

The surf and nearshore zone is the most dynamic and one of the most 
extensive and common marine environments encountered by divers. It is an 
area where waves and tides expend much of their energy; where most littoral 
sediment transport occurs; where problems such as coastal erosion and 
accretion have their roots; where macro- and meiofauna are becoming 
increasingly recognized for their role in marine ecology. It Is aiso the 
most readily accessible and best known part of the ocean as well as one of 
man's favoured areas for recreation. For these reasons and many others, a 
thorough knowledge of this zone is required to manage the increasing 
pressures place upon it.

Surf typa: Identify what type of surf zone is likely to be 
encountered; particularly the wave and tide conditions expected. There are 
three basic surf zone types.

1. Reflective beach and surf zones are formed by long low waves and/or 
very coarse sediment. They have steep plunging breakers in a narrow but 
powerful breaker zone. Careful timing and quick movement between wave sets 
is required for entry and exit. The nearshore zone extends close to the 
beach/breaker zone and dive boats can safely anchor close inshore.

2. Intermediate surf zones (moderate energy) are characterized by rips 
and transverse to shore parallel sand bars. For entry to outer surf zones 
use rips, for inner surf zones use bars or rips. For exit use bars or zones
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of breaking waves, but not ripa. The nearshore zone extends to the outer 
bar, During low waves the diva boats can be placed in longshore trough or 
rips with caution. The divers must check the overall pattern and swash of 
bigger waves sets before entering the surf zone in boats, keeping to 'calm' 
trough water with the boat's bow always into waves while using the engine to 
manoeuver sideways and backwards by expert use of the engine. Move the boat 
swiftly when crossing bars.

3. Dissipative surf zones (high energy and fine sand with wide breaker 
zones) tend to have vertically segregated flow. For entry and seaward travel 
it is best to use the seaward pulsing (30*90 seconds) bed flow. For exit and 
return to the shore use surface wave bores. The wave breaker zone is usually 
wide (100m pius) and highly transitory. Be very cautious when approaching 
from seaward as the larger sets of waves break 10’s to 100's of meters 
further seaward than the main breaker zone.

General Hazards - be prepared for: 1. Low to zero visibility, 
especially as breakers and wave bores pass over. 2. Bidirectional wave 
oscillations, especially seaward of break point. 3. Unidirectional 
longshore, rip feeder and rip currents which usually pulse at 30-90 second 
intervals. Use these currents to your advantage, do not try to swim against 
them. 4. Swim out close to the seabed avoiding surface turbulence and 
shoreward flows; to return, surface and allow wave bores to wash you ashore 
(avoid ripa).

Equipment deployment: When deploying experimental equipment in the 
surf zone place a surface piercing ship antenna on top that will break the 
water surface to permit location from shore; buoy and weight appropriately. 
Attach a weighted line from equipment to shore or boat. The weighted line 
can be used to relocate by following along the seabed. To recover equipment, 
divers can hold equipment off the bed or float it to the surface while others 
use the line to pull it ashore or onboard.

Scuba equipment : 1. Keep equipment hydrodynamic. 2. Minimize 
extraneous gear such as cameras, note boards, etc. 3. Secure ali gear as 
tightly as possible, both personally and in boats. 4. Overweight at least 
3kg to stay on the seabed: because of the shallowness in surf zone (generally 
<5m) divers can use their buoyancy vests to surface readily. 5. Be prepared 
to have your face mask knocked of or down (often), hold on when necessary. 
Regulator is rarely pulled out of the mouth; fins commonly are pulled off, 
but usually only one at a time. Divers might consider lashing their gear to 
life jacket straps for security; tying to weight belt is not a good idea as 
the weight belt must be ditched quickly if the diver starts to get into 
difficulties. Loss of weight belts is a common event in surf zone diving.
6. Because of low visibility and turbulence, diving buddies must be very 
competent and physically quite fit to keep in contact and carry out their 
research.

Nearshore - above wave base: 1. hake sure that the dive boat is 
safely located (see Surf type), especially outside intermediate and 
dissipative breaker zone. 2. Because of low visibility and strong currents, 
tie off ali equipment lowered overboard; aiso there should be a line to 
divers either from the boat or a buoy. Boat should trail a boat safety line 
and buoy. 3. Be prepared for wave orbital motions at bed with to and fro
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Photo 4 : Divers launching a dive boat in heavy surf. The boat has been
rushed through the breakers, and the divers jump on board as the engine is 
started. When beaching this kind of boat it can be driven rapidly straight onto 
the sand. (Photo, Kleinberg).
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horizontal movement of up to 5m and plumes of suspended sediment. It Is best 
to go with orbital currents rather than fight as they return you close to 
where you started. If the diver has to remain In place, overweight and hold 
on to the seabed (dig In knife) or base of equipment (avoid the top of 
equipment as the diver may pull It over or break It, especially cables). 4. 
If working, wait for lulls in between wave pulses to do work, then Ile low 
during pulses. 5. Plan the dive and diva the plan but be prepared for 
contingencies. 6. In nearshore repetitive diving start deep and work into 
shallow water.

Limits: There is a limit to scientific work in the surf zone and 
nearshore. A general rule is when you have little or no control over your 
direction of movement, then it is time to get out. This can occur under 
relatively low waves on some reflective and intermediate beaches especially 
in the rip channels. Examine the surf carefully and if necessary swim out in 
snorkel gear to check currents before attempting scuba. Finally the divers 
must be competent surf swimmers who know how to use waves before attempting 
surf scuba. The waves and currents are there to be used for offshore, along 
shore and onshore transport; plan your dive to use the current patterns and 
never try to fight against them. If in difficulty the diver should surface 
immediately and always approach the shore on the surface.

8.2.9. Fast currents

Conditions of rapid water flow are extreme for divers when the water is 
moving at a greater rate than a diver can comfortably make way swimming; 
commonly one knot. The greatest danger diving in rapidly moving water 
involves being swept offshore or along shore into hazardous shore areas, 
especially if there is no boat cover. Becoming separated from a boat while 
diving further offshore is not quite as dangerous as the diver can usually be 
found in open water, especially if flares and flourescent patches are 
carried. Water movements on the surface may be very different in direction 
than deeper and bottom water. Surface water currents are usually greater 
than those on the bottom and without a surface buoy to indicate the divers 
position, separation is almost inevitable. Tracking the diver by watching 
for bubbles from a boat on a choppy day during a deep dive must not be relied 
upon.

Diving in currents should usually be done while the buoyed divers are 
covered by a manoeuvering boat. Diving down an anchor line, which is 
occasionally necessary to procure specific specimens, puts the divers in very 
high drag situations and physical strength and endurance is important.

Each diver should be as hydrodynamic as possible so as to be least 
affected by water drag. Masks should be low volume and the snorkel should be 
held in knife strap and bootee or inserted across the crotch strap as the 
current drag on snorkels can pull off a mask. Short, broad fins are more 
managable than long speed swimming fins and strap-fins are better than shoe- 
fins as they can be more easily refitted and secured. Instruments should be 
low profile and snag resistant as the diver is often swept into weed and 
ropes. Back-pack bottles increase water drag, are difficult to get off and 
on rapidly and are particularly liable to foul as they are held away from the
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body. Bottles held tightly to the body ate inhorontly better In a curront, 
and these bottles, without a back pack, aiso stack and can bo secured moro 
easily and safely In small boats In rough water.

It Is advisable to use ropes and shot lines on ali dives In fast moving 
water. In Its simplest configuration, the fast-water rope set consists of 
two lines (6.2.7.).

1. A shot (aiso known as a down or main) line, Is the line connected to 
a buoy at the surface and an appropriate weight or anchor at the bottom. In 
very rapidly moving water that will drag down even a large surface buoy, only 
enough weight to keep the bottom of the line dragging on the bottom should be 
used. This avoids the diver being exposed to uncomfortable or dangerous drag 
while ascending the line and possibly making stops. Moving with the water 
rather than fighting it is inherently safer. This line should be only up to 
about 50% longer than the water depth, and the more vertical it can be kept, 
the better, although length depends entirely on the size of the buoy and 
current speed. Divers should descend by hooking an arm over the line, facing 
into current and by tilting the body downward allow the current to hydrofoil 
the diver down the line. To ascend the diver faces into current, hooks an 
arm over the line and finning or with buoyant assist, tilts upward and allows 
current to drive him up the line.

2. A sweep line, which is deployed by the divers after reaching the 
bottom is for horizontal travel from the base of the shot line. This line is 
usually about 10m long and allows the divers some freedom of movement in a 
radius around the bottom of the shot line. The shot position can be changed 
underwater by the divers to provide for greater area coverage; divers may 
swim the shot line weight and drift with current to get to a more suitable 
location. Of the diving team, the buddy should always be further out the 
sweep line than the 'scientist'. The scientist usually is in charge of 
determining the sampling or observational position and the rope-diver 
assists. The buddy, who is usually not as totally preoccupied with the 
science, is primarily responsible for the dive safety.

8.2.9. Night diving

Diving at night is becoming increasingly an operational requirement in 
scientific diving. To divers coming into night diving from a background of 
sport diving, this may cause some concern, though it may be a comfort to know 
that almost 50% of ali commercial diving operations are carried out at night 
and these incur few problems for the diver.

Pre-dive: Lighting. Adequate light should be available for the 
surface team to work by. When using hand torches (flashlights), avoid 
shining them around as it upsets night vision. Surface cover. Ensure a 
fully working surface cover boat. Markers. Where possible (and certainly in 
complex jobs) jackstays, marker panels and guides (6.2.7.) should be rigged 
up to aid the diver. In less complicated tasks, a simple shot or mainline 
leading directly to the job will often suffice. Briefing. The diving team 
should be thoroughly briefed on the task, including routes to and from the 
job, leaving and entering diving platforms and safety procedures. Briefing
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is moro Important than on day divas as tho diva toum mombars must bo ablo to 
anticipate tho actions of othor divors without boing ablo to obsorvo thorn.

On-divo: Safotv. Whothor to uso tho buddy system or a lifolino will 
depend on tho circumstances. A lifolino can often bo tho bettor system for 
scientific diving at night. It gives the divor a psychological boost and, 
moro importantly, gives him a lino of communication with topside. In tho 
event of difficulties, it gives the stand-by diver a direct route to tho 
diver. Licht. Many divers are surprised tho first time that they divo at 
night at the amount of available light that exists underwater. Tho moon and 
stars are the main source of this light and, once the diver has obtainod 
night vision, visibility can be quite good with no artificial light. This, 
of course, assumes little water turbidity. Despite the possibility of good 
underwater vision, each diver must still carry at least one torch. Good 
quality, lightweight underwater torches/flashlights are now available. An 
excellent emergency light is the chemical 'Cyalume' or ’cool Ute' 
lightstick. They work equally well underwater and topside and are unaffected 
by pressure at least to 50m depth.

Post-dive: Safety. Locating and recovering a diver at night is not 
always easy. Extra caro should be taken, especially if decompression is 
involved. Thought should be given to rehearsing diver recovery procedures 
during daylight. Clothing. Heavy-duty windproofs should be available for 
divers leaving the water to keep the chill away and allow them to continue 
participating in the scientific aspects of the project.

8.2.10. Kelp and other seaweed

Kelp is a collective term for a number of species of macro algae which 
form large underwater three-dimensional systems similar to forests. The 
distribution is world-wide in cold to temperate seas (0-16aC), in a depth 
range of 0-130m. Iu often occurs in a high energy environment where it has 
the effect of attenuating wave action. As a result of this sheltering effect 
and aiso being a primary producer of high output, it harbours a complex 
community of organisms which could not exist without it. Many scientific 
projects involving underwater physical and chemical oceanography and ecology 
have been conducted in this environment in the past and more will continue in 
the future.

Guidelines: 1. The shelter afforded by many kelp beds from sea and 
swell may be used to advantage in launching diving boats or for divers to 
gain access to the sea on an otherwise exposed coast. 2. Certain species of 
kelp, such as Ecklonia maxima produce a dense canopy at the surface. When 
diving at low tide the canopy tends to pack tightly making penetration 
difficult. This can be a danger, particularly to the novice, when diving 
with snorkel only. Windows usually occur in canopy cover. These may move or 
open and close with passing swells. This must be taken into account when 
planning a return to the surface. Forcing a way through the canopy should be 
avoided as invariably mask an’, snorkel end up round the diver's neck. 
Novices to kelp diving should be adequately briefed before entering the sea. 
Diving at high tide is usually easier. 3. A knife worn on the outside of a 
leg Is liable to snag on kelp plants, resulting in entanglement or loss. The
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knlfo should preforably bo worn on tho Insldo of tho calf, 4, Buddy linos 
may bo dloponsod with bocauso of tho problom of entanglement. Howovor, 
strict discipline In buddy contact should bo enforced. Towing a marker float 
In kolp Is usually not posslblo, although using a shot and swoop linos 
(6.2.7.) Is often possible to got bolow and operate bolow tho kelp canopy.
5. Kolp may snag tho air rosarvo rod on tho air bottle resulting In olthor a 
bont ród or premature switching to roservo. This can bo nvoldod by 
substituting a cord and toggle to activate the air reserve or by training 
divers to reach up and bohlnd to activate the toggle directly. It Is 
preferable In many casos to use cylinders that oro not fitted with the J- 
valvo. 6. Because kolp usually occurs In cold water, hypothermia may become 
a problem.

8.2.11. Pinnacle and seamount d'ving

Pinnacles are a world-wide feature found In both coastal and oceanic 
situations. They are characterized by their relatively small surface or near 
surface area and steep sides. They Include rocks of both sedimentary and 
Igneous origin. They are of particular Interest to physical and chemical 
oceanographers, geologists and biologists. Often their Isolated situation 
provides for Interesting community and genetic studies.

1. With steep sides, small upper surface area and often rugged 
topography, anchoring may be difficult. A shot-line of 13mm diameter 
synthetic fiber attached to a 25kg anchor weight and buoyed by a float of 50 
liters displacement Is recommended for mooring a small boat or Inflatable 
carrying divers. Care must be taken that the anchor weight finds bottom and 
that there Is sufficient slack In the line so that the anchor does not drag 
off the edge of the upper surface.

2. Currents of 50-100cm/second may be encountered. A 50-100m float 
line (6.2.7.) should be streamed from the shot buoy for a diver to grasp In 
the event of surfacing away from the shotllne. In oceanic situations working 
from a large research vessel, a diver can be swept from sight In a short 
space of time (8.2.8, 8.2.15). Often this type of diving Involves deep 
diving where there will be one or more decompression stops. A master 
compression chamber with trained supervisor In attendance and a medical 
practitioner specializing In diving emergencies should be available on the 
research vessel.

3. Ships tend to swing at anchor. If diving takes place from an 
anchored vessel there should be look-outs placed on either side. Currents 
further Increase the uncertainty of where a diver will surface.

4. Water clarity in the vicinity of sea mounts is usually extremely 
good. Judgement of depth Is therefore deceptive. The shot line should be 
clearly marked at regular intervals for depth but well calibrated depth 
gauges should be worn as shot lines are very rarely vertical in the water. 5 *

5. Pinnacles, particularly sea mounts in deep water situations,
usually attract sharks. If decompression stops are envisaged and sharks are 
present, a shark cage must be provided for protection at decompression stops.
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Ali divors must rocoivo full training In shark cage usa before work divas oro 
undertaken 8.2.12; Appendix 2 .

8.2.12. Sharks

Although attacks by sharks on divers do occur, most sharks do not 
present a hazard. However, ali sharks should be treated with respect. 
Sharks are found generally in the deop open ocean, but tend to bo 
concentrated where localized shoaling water occurs, such as over sea mounts 
and ocean ridges and seaward of coral reefs. As it is often these features 
which divers investigate, the chances of encountering sharks under oceanic 
conditions are good. In many areas of the world such as Australia and the 
Pacific islands, however, dangerous sharks do corae into shallow water even up 
to the shore line. Shark in enclosed spaces appear to act similarly to their 
actions in the open ocean (8.3.13).

1. Divers should operate in pairs. This affords a better opportunity 
of detecting sharks at a distance before they become a threat as sharks often 
approach by circling prior to an attack.

2. When the possibility of shark encounter exists, one or both divers 
should carry either billies or electric shock rods. Hot only do they offer a 
reasonable measure of physical, protection, but they aiso do much to reduce 
tension in the divers. Provocation of sharks should be avoided as this can 
be a reason for a shark attack.

3. Fishing in the vicinity of a diving operation should be banned at 
least for the crew members of the research vessel, and for nearby boats if 
possible. The collecting of fish for scientific purposes by divers should be 
avoided in shark infested water. If fish are taken, however, they should be 
attached to a float and towed some distance away from the divers.

4. The dumping of scraps or rubbish by the research vessel before or 
during a diving operation, must be avoided.

5. An injured or bleeding diver should leave the water immediately; 
other divers might aiso exit the water for a period of time following any 
blood in the water.

6. If a shark shows more than a passing interest in a diver, the 
diving operation should be aborted and it is advisable for the divers to 
return to the boat in as calm a manner as possible. 7

7. With dives involving decompression stops, either a multi-person, 
double lock compression chamber must be on hand or a shark cage must be 
attached to the shot line at the first decompression stop. The cage should 
be capable of being moved upwards from stage to stage by the divers inside. 
Ali divers in the team must be given adequate training in entering, exiting 
and manoeuvering the shark cage before work dives are undertaken.
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8. Many sharks ara nocturnal faodors and during foading oro often 
found In shallower wator, Might diving should thus be avoided If posslblo 
whero thora aro sharks.

9. If explosives have been used to obtain rock samples, or for any 
other reason, diving should not tako place Immediately afterwards In case 
dead fish attract sharks.

8.2.13. Dangerous marine animals (other than sharks)

. Most dangerous marine animals other than sharks occur In tropical water 
and are often concentrated around reefs. Similar dangerous animals are aiso 
found In temperate waters but there they are usually related species that may 
only inflict painful stings rather than being life-threatening.

Marine life recognition and injury prevention techniques are not 
discussed here as these are commonly subjects in their own publications or 
extensive chapters in manuals (Sommers, 1972; Appendix 2). The standard 
international reference for dangerous marine species is Halstead (1976). The 
objective of this sub-section is to briefly describe the general injuries 
that can occur, and to warn about certain species. Injuries that can occur 
to divers include:

1. Stings: Most animals that inflict injury by sting are 
Coelenterates which include hydroids, fire coral, Portuguese Man-of-War, 
jellyfish, box-jellyfish or sea wasp, some common corals and anemones. 
Stings are administered through many stinging cells of the tentacles. 
Symptoms range from mild discomfort to a stinging sensation and a throbbing 
pain that may render the victim unconcious. Death can result in severe cases 
from respiratory and cardiac arrest. In the case of fixed stinging animals, 
the diver must be wary in his/her approach to rock or coral surfaces and 
remember that the stinging cells can be brushed off onto the wet suit, 
equipment or samples and are still capable of stinging long after the 
encounter with the host animal. In the case of free-swimming forms, such as 
jellyfish, divers should keep their attention focused up current as these 
animals drift with the current. During an ascent when stinging jellyfish and 
other animals are likely to be encountered, at least one of the divers should 
turn in the water while looking upward and watching for the dangling 
tentacles. Care should aiso be taken to examine the shot line if it is used 
by an ungloved hand in the ascent as stinging cells from tentacles could have 
been deposited on the line by a passing jellyfish. Not ali jellyfish sting 
and it is important that if the diver becomes enmeshed suddenly in a tangle 
of jellyfish tentacles, as sometimes happens in temperate waters, that they 
are removed with calm, deliberate actions rather than in a panic which may 
introduce an accident in its own right, or accelerate any potential 
irritation from stinging cells by causing more to come into contact with the 
diver. Some sponges will aiso produce skin irritation and in some cases, 
symptoms similar to non-fatal jellyfish stings.

Venomous Puncture Mounds: These may be inflicted by sting raya, cat 
fish, weeverfish, scorpionfish and other kinds of venomous fish. In ali 
cases the diver has to have been stung by touching venomous spines on these
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fish to obtain an Injury. Tho pain from vonomous fish sting Is usually 
Immediate, Intense and can be sharp shooting or throbbing, Pain radiates 
from the affooted area. Extreme cases Involve unconclousness and possibly 
cardiac arrest. The only advice that can be given, as most of those fish 
hide burled In sand or camouflaged on rocky and sediment bottoms, Is that the 
divers must be very careful how they proceed. These fish will not usually 
attack, except for possibly a short rush toward the diver of less than lm 
when the diver comes closer than the fish can tolerate. Slow progress and 
use of a stick to prod sand and suspicious areas can often expose these fish. 
When descending, it is good practice to moke contact with the bottom fin 
first and to use the fins to prod the bottom.

Venomous Bites: Venomous sea snakes and the blue-ring octopus are a 
particular threat to divers in Australian and Indo-Paciflc waters. At 
present, there are not reports of sea snakes in the Carribean or Florida 
Keys. At least one species of sea snake, however, has been found in the Gulf 
of California. Octopus bites are very rare and no reports of fatalities from 
octopus bites are known from the Carribean or Florida Keys.

Sea snake venom is approximately 2-10 times as toxic as that of land 
snakes. However, they deliver less of it and only about 25% of those bitten 
by sea snakes show signs of poisoning. There may be no pain or reaction at 
the site of the bite but symptoms which develop quickly range from an iii 
feeling or anxiety to muscular stiffness. Late symptoms include shock, 
weakness, muscle spasms, respiratory difficulties, convulsions and 
unconclousness. Deaths have been reported. Sea snakes swim quite quickly 
and can often approach a diver apparently out of inquisitiveness. An 
approach should not be considered necessarily as an attack. Calm withdrawl 
from the vicinity of sea snakes is recommended.

Non-Venomous Bites: The moray and conger eels, barracuda, and shark 
can inflict tearing jagged type lacerations. The shark bite is generally 
most serious and often requires dramatic first aid procedures to save the 
victim's life. Relatively minor bites, such as those of the eels and 
barracuda require first aid procedures for lacerations. Eels generally are 
found in enclosed spaces and holes and probing these areas is recommended 
before exploring with a hand or more of the body. Free-swimming fish attacks 
are often difficult to predict as these fish are known to attack without 
provocation and exiting from the water is recommended if there are not forms 
of protections such as shark cages, etc. (8.2.12).

Conclusion: Prevention of injuries is the best policy. Do not handle 
marine organisms that you are unfamiliar with and do not take chances with 
those that you know can inflict injury.

8.2.14. Diving near very large animals

Very large animals such as large whales, fish reptiles and seals are 
rare. Diving with them either by choice or by accident is an even rarer, 
often once-in-a-lifetime experience for the majority of divers who are in the 
right place at the right time. Very large animals are potentially dangerous 
because even if they are not actively aggressive, their sheer bulk, power and
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agility can result In accidental injuries and so even the most docile should 
he treated with caution to onsure that this unique experience isn't a final 
one for the diver. Remarkable films have been shot by divers working with 
sharks, dolphins, seals, polar boars, grey whales, hump-back whales, Wright 
whales, and even briefly with a blue whale. These records provide some 
visual reference material on behavior and attitudes to divers.

Learn as much as possible about the behavior of the species concerned 
and plan the dives and support accordingly. Appreciate that behavior can 
change seasonally and in addition, many species are moro aggressive during 
their breeding season. For example, seals such es fur seals congregate in 
large coastal colonies to breed. The bulls ferociously defend areas on land 
in which to hold harems. In these circumstances, it is often possible to 
swim with hundreds of adults in the sea only to be attacked when leaving the 
water. Other normally placid seals, such as Weddell Seals, can be more 
aggressive in the water since they may defend breathing holes against 
intruders and males drive off competitors near to groups of females during 
the breeding season. It is therefore important to know something of the 
characteristics of the species encountered before assuming that experience 
with related species is adequate to ensure safe procedures.

Very large animals have few natural predators and so they will have 
little or no apprehension of humans in the water. Indeed they ere quite 
likely to approach divers from curiosity. Remember that even normally docile 
species can become aggressive when they perceive that they are cornered, if 
their young ere approached or if you infringe their breeding or feeding 
territories. Chance contacts with very large animals are impractical to plan 
for and therefore a diving group depends on its former training to react 
appropriately to the circumstances. Dive supervisors and marshals must 
appreciate that such events have strong psychological effects and that 
previously reliable divers can often react in an unpredictable manner. If an 
accidental meeting occurs, the safest action is to leave the water quickly. 
Care should be taken to avoid excessive haste because this can provoke a 
pursuit or attack reaction in active predators such as large sharks and 
toothed wales.

When deliberately planning to dive with large animals, divers must:

1. Plan the dive, equipment and support in accordance with the animals 
which are anticipated to be encountered.

2. Plan the dive, equipment and support appropriate for the locality. 
Remote sites will require more extensive support and planning.

3. Ensure surface craft are of an appropriate type to withstand 
buffeting and biting!

When diving with large animals, divers should:

1. Treat ali large animals with caution. (Aiso see 8.2.12,13). Take 
particular precautions with large, active predatory sharks, reptiles, toothed 
whales, seals and bears.
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2. Avoid diving in low visibility water.

3. Take advice from local divers and fishermen.

4. Study the available information about the behavior of the species 
anticipated.

5. Not feed large fish. They learn to associate divers with food and 
become aggressive if not fed.

6. Not use aggressive methods to control large animals except as a 
last resort. If large animals, particularly mammals, learn that divers are 
aggressive, then this can result in unprovoked attacks.

7. Not encourage play activitiès. This can aiso lead to attacks.

8. Avoid diving in enclosed areas such as sluices, fish traps and 
purse-seines.

When a large animal arrives in the presence of divers unexpectedly, the 
divers should:

1. Leave the water as soon as possible.

2. Review the potential hazards and only return to the water if safe 
to do so.

8.2.15. Diving in remote locations and on coasts of difficult access

A remote area is one where the population density and boat traffic is 
so low that the occupant of a diving boat stranded away from the main base 
would have no real chance of being picked up or of receiving food or 
assistance of any kind. Equally the base camp is assumed to be so isolated 
that in the event of a serious accident it would take days rather than hours 
to get the injured person to a good hospital.

In remote areas medical, rescue and recompressing facilities are 
generally absent. The diving program must therefore be conducted in such a 
Way that these services can never be required. Ali equipment should be kept 
as simple as possible to reduce problems with breakdowns and maintenance. If 
complex equipment must be used, the fullest possible spares kit and repair 
tools should be carried, and a member of the group should be fully qualified 
in making repairs.

Even when a dive site is not remote in a geographical sense from human 
habitation, it may have difficult or limited access from the landward side 
due to cliffs, dune fieldst desert, strong currents or wave action. The main 
concern of a diving supervisor is the ability to deal with an emergency 
situation involving an injured diver. -With difficult or restricted landward 
access, a diving operation is usually undertaken from the seaward side by 
boat. Should seaward access be restricted as well, emergency planning must 
be carried out in advance. Arrangements should be made in advance with
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whatever army, coastguard, police or private interests that may be better 
supported logistically in the area to help get an injured diver to a doctor 
or hospital.

A member of the team should have specific responsibility to ensure that 
the boats contain working flares, dye marker, handbearing compass, radio, 
survival packs, drinking water, and other items determined by the region and 
logistics. There should always be a stock of food on board. There should be 
at least two serviceable boats on the working site except when operating very 
close to base. When a single boat is in operation, a spare engine should be 
carried (6.2.5). For longer trips two boats should travel in convoy. Radio 
contact should be maintained between boats and the base camp at predetermined 
intervals in addition to potential emergency calls. Keep within anchor depth 
where feasible especially when there is an off-shore wind or tide and carry a 
sea anchor (6.2.5). When anchoring on reefs remember that a fouled anchor is 
likely and plan for enough spare diving time to allow a diver to free the 
anchor. More general recommendations on small boat operations and the use of 
some boat equipment is given in section 6.2.5.

Local boatmen are usually reliable about local surface conditions. Do 
not trust them about underwater conditions, unless they are actually divers 
and then be prepared to consider their suggestions while remembering that 
their experience probably was gained while carrying out commercial 
operations. Patiently make inquiries from likely locals when in an area but 
do not appear to interrogate them as this may make them less than happy about 
your presence. Members of the party should go out of their way to facilitate 
local fisher- and watermen in such matters as clearing their propellors. 
Actions of this sort will be remembered.

Medical supplies should be extensive and of a far more complete 
inventory than would normally be kept during a project in a non-remote area. 
At least one member of the team at each diva site should be qualified to use 
them. The presence of a paramedic or doctor is advisable.

8.2.16. Negative altitude diving, surface below sea level

This section is based on experience and procedures used during research 
diving in the Dead Sea with a water surface at minus 400m. Tables were not 
recalculated although checking by using negative figures in Hennessey's 
calculation (8.2.1) indicate that these a priori procedures might be safe, 
assuming that the calculation is true for negative values (not proven for 
negative values). Formulation of air decompression schedules below sea 
level has not received the same attention that table modification has for 
diving at high altitudes.

The higher atmospheric pressure at the sea surface as well as the 
higher density of the water had to be taken into account in the decompression 
rates. Therefore physical depth below sea surface was ignored from the point 
of view of assembling a new table or modifying an existing table by 
interpolation, and the dive and the decompression stations were planned 
relative to ambient pressures. The tables used for planning the dives were 
the standard U.S. Navy Decompression Tables. However, ali dives were assumed
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to bo décompression dives requiring at least a 3 minute decompression stop at 
the pressure equivalent of 2m below "normal" soa surface. Moreover, the 
selected decompression schedule corresponded to the next deeper and the next 
longer bottom time beyond that which would have been selected in normal 
circumstances. As a result, in the course of 48 dives, only one slight 
mishap, which could as well be ascribed to tension and exhaustion rather than 
to a decompression incident, was encountered.

A peculiar aspect of negative altitude diving is that travelling home 
after a dive or a series of dives might involve the same risks as flying 
after a diva. Travelling to a moderately higher altitude (<l,000m) should 
probably be postponed at least until an appropriate length of time has passed 
to wipe out a nitrogen excess for the purposes of repetitive diving (6 hours 
for USN Tables, other tables differ). Travelling to an altitude greater than 
1,000m above the dive site surface should be made with reference to flying 
after diving (11.5).

I
Aspects of diving in saline lakes in desert areas, while not common to 

ali diving sites with water surfaces below normal sea level, are common 
enough to warrent comment here. High ambient air and water temperatures, low 
humidity, lengthy preparations before a dive, the difficulty and the efforts 
necessary to move about and enter the water carrying the heavier weights 
necessary as well as the efforts necessary to swim to the diving point led to 
large energy expenditures even before the dive began. These factors could 
induce heat exhaustion, hyperthermia and dehydration as well as breathing 
difficulties and hyperventilation under water, (8.2.22). These factors in 
turn can increase the chances of decompression sickness (Section 11). Hence 
equipment was not put on until the last possible moment, movement was 
curtailed to a minimum and the divers were requested to drink large 
quantities of water. Although electronic communication between divers and 
the surface allowed for greater safety, voice communication was seldom used 
between divers.

8.2.17. Diving in low and zero visibility

The diver's ability to orientate and navigate correctly is much reduced 
in low and zero visibility conditions. There is a danger of the diver 
unknowingly becoming placed in a hazardous situation from which extrication 
will be difficult without assistance from another diver or the surface. 
Specimen collecting can aiso introduce hazards to the diver and his/her 
assistant; eg. geologists with hammers and biologists with nets or core 
samplers. The presence of potentially dangerous animals (8.2.13) can aiso 
find the diver reaching into a mouth or a venomous appendage.

In addition to the normal stand-by-diver, it is recommended that there 
should be instantly available a spare, full breathing set for use in the 
event of a diver becoming fouled and being in danger of exhausting the air 
supply before he/she can be removed to safety. Lifelines are useful in quiet 
water or when an unencumbered ascent can be made. The presence of a shot 
line, sampling gear and currents creates the possibility of a lifeline 
snaggling. In currents with bad bottom visibility, the divers must descend 
feet first on the line in the bottom third of the descent. The depth gauge
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must be monitored during a low visibility ascent to ensure that the safe rate 
of ascent is not exceeded, Roping to the surface can be used if conditions 
allow but many scientific dives are carried out where a fixed line to the 
surface introduces additional hazards, A sharp knife must be carried on low 
visibility dives and it should have a sawing tooth upper edge. The knife as 
well as other hand tools, should be on a lanyard, so that it cannot be lost 
in the low visibility

Diver held lights usually render an unworkable situation workable and 
the type of light and the question of whether it should be held or mounted on 
a helmet or a piece of equipment should be left to the personnel involved. 
Different solutions will undoubtedly suit different divers, projects and 
conditions. Spot point lights (8.2.9) are useful in low visibility just as 
they are at night. .

It is strongly recommended that inexperienced personnel be trained in 
low visibility conditions in advance. Using a face mask blacked or greyed 
out using translucent plastic on the trainee will closely approximate working 
conditions while allowing for close supervision under normal daylight diving 
conditions.

8.2.18. Confined spaces and vertically restricted environments

Horizontal entry under any obstruction that would preclude immediate, 
direct ascent to the surface may be made in the course of a scientific dive 
only with the prior approval of the Diving Officer. Such dives require the 
use of a diver who remains at the point of entry while the scientist and 
probably his/her assistant proceed into the opening. The submerged safety 
diver acts as the link between the vertical ascent to the surface and the 
horizontal operational dive. Short excursions beneath overhangs are not 
necessarily to be monitored by this point diver but one of the scientific 
divers should remain farther back toward an open ascent than the other. In 
ali cases, a safety diver should remain on the surface as he/she may have to 
come to the aid of ali three divers. The surface safety diver must be able 
to bring additional scuba breathing sets to the divers in the case they must 
extend their dive and must have extra air. Octopus rigs on single cylinders 
are recommended rather than one cylinder per diver for emergency air. 
Available compressed air must be available for any possible extension of dive 
time and decompression. Any dive which involves the use of a second 
breathing aparatus for a diver must be regarded as an emergency. Long 
horizontal entries are not recommended and safety must be given priority over 
scientific objectives. More rigorous standards must be applied to cave and 
cavern diving (8.2.19).

8.2.19. Cave diving

Diving in underwater caves has, in recent years, developed considerably 
in both technique and expertise. Underwater caves are entered for reasons of 
pure exploration and survey, for biological, archaeological and geological 
research and other scientific studies. Cave diving presents problems not
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encountered in open water diving, many of which are not necessarily obvious 
to a first time cave diver. It is worth noting that several hundred 
fatalities have occurred in underwater caves in the post decade through the 
non-use of many of the accepted techniques. Cave diving is an extremely 
hazardous type of scientific diving owing at least in part to the inability 
of the untrained diver to percieve and assess the true risks.

Cave diving is a combination of speleology and underwater expertise. 
Both constituent disciplines affect the equipment and techniques involved.

Before undertaking a diving programme in which cave diving plays a 
part, contact should be made for specialized training and advice with the 
relevant national bodies concerned in the home and field nations (eg. Cave 
Diving Group in the U.K., N.S.S. Cave Diving Section in the U.S.A. etc.).

Owing to the inability to surface easily from an underwater cave, any 
item of equipment whose direct malfunction could cause a fatality (eg. 
breathing set, regulator, torch/flashlight) should be duplicated. Octopus 
regulators are not considered adequate in this respect. A minimum of three 
torches/flashlights should be carried, each with the burn time of 2 times the 
estimated dive time.

The diver must always be in contact with a guideline to the surface. 
This line should be laid and controlled by the diver, using a hand-held line 
reel. This shall be of sufficient strength to prevent accident or breakage 
as the situation demands, and shall be as visible as possible (color may 
depend on the type of water to be dived).

Ali vital equipment such as knife, contents gauges, torches, etc. 
should be worn where they are easily accessible; ideally on the upper torso 
or arms. No equipment should be allowed to hang free, preventing 
entanglement or visibility-limiting sediment displacement.

The diver must be familiarized thoroughly with any technique to be used 
in an underwater cave beforehand in open water; ideally in both clear and low 
visibility.

The use of a standby diver may be relevant in certain situations, but 
unless this diver is more experienced than the one underwater, and entirely 
familiar with the system in question, use of the standby diver in an 
emergency could exacerbate the situation.

If a cave is large enough, and personnel are adequately trained and 
experienced, dual penetrations can be made. Every member of a team must be 
well briefed in the dangers of the particular environment to be accessed.

Sediment is generally present in caves and, once stirred, it may take 
several hours to settle, as it is usually very fine grained. Cave divers 
should avoid disturbing sediments wherever possible, by fine use of buoyancy 
control and movement, and should be prepared to cope with the psychological 
effect of physical enclosure in zero visibility (6.2.15).

Currents in marine caves can be exceptionally strong, rising to over 5 
knots. These may suddenly reverse in direction as part of a usually complex
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underground water circulation pattern. Changes in movement in marine caves 
may not be in phase with surface tides. Equipment and dive planning will 
take into account such variations in the physical conditions in a cave during 
the course of a dive.

Pockets of air inside caves may be toxic or may contain no Oxygen. Gas 
may aiso be present in an explosive mixture. Therefore gas found in enclosed 
cavities should only be breathed with caution.

Stress is always present in cave diving, in excess of levels 
experienced in open water diving. This has been a major contributary cause 
of fatalities. Divers must make every effort to reduce stress levels before 
and during a cave dive.

No more than one-third of the total air suppply shall be used on the 
inward dive. A minimum of two-thirds of the air supply shall be conserved 
for exit and emergency reserve. If decompression is indicated, the reserve 
'third' of the air supply should not be regarded as being available for that 
purpose. Additional scuba systems may be carried and used to extend cave 
penetration distances or times, As a consequence of long horizontal cave 
penetrations at moderate depths, cave divers have accumulated a significant 
experience of safe decompression diving using U.S. Navy Exceptional Exposure 
Tables (USN Tables, 1986, deep diving/decompression sections).

Deep diving in caves is extremely hazardous and it should be recognized 
that in an emergency, evacuation to recompression facilities can be 
exceptionally difficult from a cave environment.

If more than one diver is present in the cave, then each diver must 
fulfill the conditions outlined in each paragraph of this section.

Cavern diving is different from cave diving in that while it is aiso 
diving in a spatially restricted environment, free emergency ascents can be 
made. Natural daylight, although possibly dim, is available. Many of the 
procedures relevant to cave diving will apply.

8.2.20. Noxious gas in bottom water.

Noxious gases such as hydrogen sulfide, ammonia and methane commonly 
occur in anoxic halos to concentrations of fecal matter under fish cages and 
mussel rafts as well as in areas of sewage settlement. Hydrogen sulfide may 
be absorbed through the skin, and can difuse into masks through the material. 
Divers should therefore wear full dry suits, and positive pressure helmets 
(NOAA Manual, 1975). Caution should be excersized in taking specimens of 
sediments or water where dissolved noxious gases are suspected as when these 
degas at atmospheric pressure potentially significant volumes of explosive 
gas may be exsolved.

112



8.2.21. Deep diving on air

This section deals with diving on compressed air at depths deeper than 
30m. Dives in excess of this depth are inherently more dangerous because of 
the increased possibility of decompression sickness and the greater time that 
it will take a diver to reach the surface in the event of an emergency. 
Incidents at depth are simply farther away from surface support. Normally 
decompression diving should be kept to a minimum in deep diving and where 
decompression stops are necessary, they should always be carried out with 
very conservative manipulation of tables. See Section 11 for effects of 
varying the dive profile.

In most countries the recommended maximum depth for employed divers 
diving on air is in the region of 50-60m. Some countries enforce a legal 
maximum depth on air, which may or may not apply to scientific divers: 
Britain, 50m or deeper with exemption; France, 60m; South Africa, 60m; 
U.S.A., 58.5m (190ft). In the U.S.A. the American Academy of Underwater 
Sciences recommends that divers be certified by progressive experience to 
depths of 30ft (9.2m), 60ft (18.46m), 100ft (30.8m), 130ft (40m), 150ft 
(46.1m) and 190ft (58.5m). In Canada, the Canadian Association for 
Underwater Science recommends that divers be certified in progressive depth 
increments of 10m with a depth limit at 40m, unless special deep diving 
training has been provided. The Woods Hole Oceanographic Institution 
(U.S.A.) and most research organizations in the United States require a limit 
of 40m unless special authorization has been granted by the Dive Control 
Board.

Bounce dive to just shallower than 50m, not involving decompression may 
be made, provided that the divers are fully worked up (4.9). Deep diving 
must be preceded by recent dives of increasing depth to acclimate the diver's 
body with the greater pressures encountered. A bounce dive, however, is by 
definition a short dive which does not allow enough time for poorly 
vascularized tissues to become saturated with a higher concentration of 
dissolved nitrogen, and therefore these dives should not be more than 5 
minutes bottom time. The divers are advised to to follow a shot line and 
there should be a fully kitted up stand-by diver with no nitrogen loading. 
The working divers should be instructed that an emergency situation will be 
considered to exist if they do not return to the surface within a few minutes 
of dive plan time. Repeated short dives with short surface intervals should 
not be carried out.

Bottom time should not be so long as to dictate a decompression time of 
more than 20 minutes. This time limit should be decreased if conditions are 
bad, i.e. cold water, heavy swells, strong currents, etc. A planned 
decompression time of more than 20 minutes involves the dive organizers in 
complying with stricter regulations concerning on-site compression chambers 
in some countries. In ali cases diving should be carried out so as to avoid 
extension into the Extreme Exposure Tables.

The support vessel should be capable of transporting divers to the work 
site in comfort, transporting the dinghy, providing recompression facilities 
if necessary and carrying shot weights and buoys, ropes and anchors and aiso 
have ship to shore radio.
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An absolute minimum diving team for deep diving Is A divers, pius the 
boatman, stand-by diver, and compression chamber operator If necessary. The 
stand-by diver should be fully equipped to dive at the working pressure If 
necessary. He/she should not have undertaken diving so recently that he/she 
would be liable to decompression stops after a very short duration at depth 
as this would make it dangerous for the rescue diver to bring an injured 
diver to the surface.

Where deep diving is taking place it is always safer to have 
recompression facilities on the support vessel. These facilities should 
consist of a compression chamber with lock-in and transfer under pressure 
facilities and a trained operator whose sole responsibility is maintenance 
and operation of the chamber. This arrangement is often not feasible. See 
Section 11 for proximity to chambers.

The dive supervisor, dive marshal or expedition/project leader should 
be thoroughly familiar with the local recompression facilities and inform the 
appropriate authorities of the diving programme so that they may be more 
capable of helping should an emergency arise.

Deep diving in remote areas should be carried out using dive plans that 
keep the divers on the conservative side of the normal decompression tables 
at ali times, unless the support vessel or nearby base is fully equipped to 
treat decompression cases.

8.2.22. Warm and hot water (Sabkha)

A sabkha environment consists of a tropical bay or lagoon where 
evaporation greatly exceeds fresh water input. Salinity is usually high, and 
salts may be precipitating. Water temperatures may be over 40®C. Most of 
the waters of this environment are in shallow water shelves facing arid or 
hot deserts and thus the diving is usually in shallow, warm to hot water with 
weak currents and no dangerous surf. Being close to the surface during 
diving where an intense sun will be at high angles for most of the day, and 
being in warmer than normal water, means that the divers have to take 
precautions to avoid sunburn, sunstroke, dehydration and hyperthermia. Divers 
can drown even in comfortable shallow water ard momentary unconclousness 
brought on by the special hazards of the environment can lead to drowning.

Divers are advised to wear a light 't'-shirt and to cover the back of 
their necks from the direct rays of the sun; waterproof sunburn lotion should 
aiso be applied liberally, especially to the backs of the legs and arms as in 
the normal swimming position, these face upward. Divers should drink copious 
amounts of water as they will be dehydrating while in the water as the body 
attempts to cool itself by sweating; a process that will not be noticed by 
the diver in warm to hot water. Hyperthermia, or iii-effects brought on by 
sustained high body temperature, must be avoided. Symptoms are general 
weakness, faintness leading to momentary unconciousness, and often a faint 
muscular trembling accompanying light-headedness. If these symptoms are 
perceived during . the course of a dive in this environment, immediate 
surfacing and inflation of the life jacket must be carried out by the diver.
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Because waters ura moro snlino than normal soa wator, Irritation of the 
eyas and noae and throat membranos la llkoly, but unless oxposure la 
prolonged, no Immediate or long-torm effects are llkoly. Caro should be 
taken to wash the divers os well as tho diving gear with great core following 
oach dive.

8.2.23. Super salina water

The observations and procedures that will be referred to In this sub
section draw on the experiences of scientific divers In the Dead Sea. Most 
extreme cases of super saline water are aiso In similar environments and loss 
extreme cases that may occur In less arid conditions will have some of the 
negative attributes common to super saline water. The Dead Sea Is situated 
In an arid zone, where air temperatures In the summer can reach as high as 
45*C and In the winter do not drop below 10*C, while the temperature of the 
upper layers of the sea can be as high as 35*C In the summer while not 
dropping below 18°C In the winter.

The Dead Soa is a basin of net water inflow that acts as an evaporating 
pan. Salinity can reach as high as 280g/kg and the corresponding density can 
be as high as 1230 kg/nr or about 23% higher than normal sea water. The 
relative proportions of the chemicals dissolved in the Dead Sea are totally 
different from their proportions in normal sea water. The Dead Sea waters 
are rich in calcium, magnesium, potassium and bromine. The high salinity and 
the dissolved chemicals make the water painful and irritating to the eyes and 
to the membranes of the nose and throat, so that contact with these organs 
induces profuse weeping and temporary blindness, breathing is impaired and 
vomiting may be induced. These waters should not be swallowed, and ingestion 
of large quantities can be deadly. Moreover, the immersion of open wounds, 
or even scratches, is extremely painful although not dangerous. In short, 
for divers, super saline waters are a dangerous, or at least an extremely 
unpleasant environment.

The high density of super saline water demands the use of about 30kg of 
additional weight. These weights cannot be worn on a single belt and must be 
spread around on several belos to evenly distribute the weight. This makes 
movement difficult and energy-consuming before a dive and aiso adds 
significantly to the time and effort spent in dive preparations. Moreover, 
by increasing the mass of the diver, the additional weight aiakos swimming 
under water more difficult, energy-demanding and air-consuming. The 
corresponding need for even more compensating weight prohibits the use of 
under-suit exposure clothing on those occasions when it might otherwise add 
to the diver’s comfort.

The high salinity and peculiar chemical composition of the Dead Sea and 
presumably similar waters demands absolute prevention of the immersion of the 
face and this necessitates the use of positive pressure full face masks. 
These masks prevent buddy breathing, do not permit mouth inflation of the 
buoyancy equalizer, are slightly less convenient for pressure equalization, 
have sufficient buoyancy of their own to cause some discomfort and cannot be 
transferred from one diver to another without slight adjustments. Slight 
adjustments to the ABU should be made with a direct feed rather Chan with
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Clio moro difficult to control omorgoncy air bottlo; which öhould bo kopt for 
omorgonclos. Scuba air supply bottlos cannot bo roplacod during tha courao 
of a diva as tho face mask, socond stage and bottlo aro a singio unit. Tho 
full faco masks and their regulators may bo mochanically moro complex and 
thoroforo moro prone to failuro than a normal mouth-hold regulator. In tho 
supor salino saturatod environment tho divors and ali oquipmont roquiro 
painstaking cloaning and maintonanco aftor each dive.

8.2,24. Lagoons and estuaries

In both lagoons and estuaries, a common hazard is often bad visibility 
caused by particulate and rotting plant material in the water. The water is 
commonly colored and lights often cause the water to turn bright red and 
brown as the light is filtered through the colored water. Even at depths as 
shallow as 5m in estuaries on bright, sunny days, the water can become very 
dark. Total darkness approaching that of a night dive is commonly 
encountered in these environments below 10m and although lights may somewhat 
alleviate the problem of visibility, they will not have the effect that they 
have on a night diva in clear water.

Currents in lagoons are usually slack and the water is often stratified 
in both salinity and temperature. In estuaries, howevor, currents are 
commonly strong, especially in the race or bore of the river. Fast water 
diving methods (8.2,8) should usually be used when diving in estuaries. In 
the case of a shore dive in the channel of an estuary, the dive plan should 
leave time for a submerged return to shore as upon surfacing the divers will 
usually find themselves caught in faster moving water than they were 
encountering on the bottom. If they cannot resubmerge to more slowly moving 
water near the bottom without incurring a decompression situation, they may 
find themselves swept along rapidly in the river far from where they put in 
or in the worst case, out to sea. Under no circumstances should the divers 
in this situation submerge and begin a repetitive, hard working decompression 
diva when they are likely to exhaust their air swimming against current.

8.2.25. Diving in holiday environments

Scientific diving is commonly done in out of the way places where 
interference by local people or holidaymakers with diving operations is 
usually not a problem. Some scientific diving sites, however, involve working 
from shore areas in which there are people ranging in numbers from a few 
interested locals to swarming crowds of holidaymakers. Fishing boat traffic 
and water sports must be taken into consideration as well as shore 
constraints in dive planning.

Apart from the normal 'hazards' of holiday environments, such as late 
nights and incautious entertainment, diving in areas where large numbers of 
families are holidaying introduces some special conditions. Divers must 
remember that their operations are disturbing the local environment. Extra 
hazards to divers occur as diving sites are often within sight of large 
numbers of people with little to do; increased boat traffic over the dive
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site and actual visiting of tho site by otho? dIvors can both slow down tho 
work and be very Irritating especially If divers are fatlguod. Normal 
conduct of operations ofton bocomes difficult and extra time should usually 
be built Into operational plans for dealing with non-party members; It Is 
very Important for good relations to be maintained with locals and 
holldaymakors, however, and remaining polite Is Important. Although It may 
not bo a logal requirement, It Is often a good Idea to notify the local 
police or the local water police about dive operations.

Security of diving equipment and samples can be a real problem If 
public facilities are being used for water access. Although most people are 
quite honest and not liable to steal equipment, swarms of children are liable 
to get In the way while having a tendency to pick things up out of curiosity. 
It is advisable to have ali gear, especially the many small Items, In bags or 
boxes so that few opportunities are presented to the curious or the 
malicious. Theft of diving equipment after the dive, usually when it is 
drying after post dive washing, is a common problem,

8.2.26. Whirlpools

"Whirlpool" is a common name given to rotating turbulent water masses 
that are one of the high energy environments in which diving is usually 
avoided for reasons of safety, but in which interesting physical and 
biological processes take place.

Freshwater waterfalls, with turbulent water and whirlpools are 
associated with a number of interesting processes relating to rock erosion 
and solution, biological processes in the pool below the waterfall, and fish 
migration up the waterfall. In narrow sea channels, around some headlands, 
or at the entrance to soa lochs or fjords when tide is running, eddys and 
whirlpools commonly occur. The rotating water mass, or whirlpool, can be 
differentiated from a common eddy because in a whirlpool the water tends to 
mako many circuits and rotate rapidly enough to create a force upon bodies 
caught up, and force them to the outside of the gyre, as well as often 
pulling them down.

Very little scientific diving has been done in this environment, but 
work which has been achieved suggests that conditions for diving in 
whirlpools are not prohibitive, provided that common sense precautions are 
carefully observed. The obvious risks arise from the diver being thrown 
against rock outcrops, against the bottom, or getting tangled in ropes or 
moorings and dragged downwards by the lateral drag on their body. Similarly, 
the surface cover boat may be in considerable danger, and the boat and diver 
may be easily separated. While the speed of motion and turbulence may be 
disorienting, they are not dangerous, provided that the diver does not 
collide with any solid object.

Diving strategy, therefore, is to leave the boat or shore in calm 
water, enter the turbulent water as unencumbered as possible, move freely 
with the rapidly moving water, and then exit into calm water for recovery, 
possibly by a second boat. Such manoevers should only be attempted by 
experienced divers, with very good back-up and surface support.

117



Tho downwalling pluma of turbulence from a small waterfall of a few 
motors head can bo approached safely underwater, or on the surface, with 
caro. If the diver ventures into the most turbulent zone ho/she is 
immediately swept downstream and out of danger. With larger waterfalls the 
impact of falling water and objects such as trees carried by the water, would 
bt extremely dangerous. There are no records of divers attempting to 
approach the plume of a large waterfall from below, or to work in this 
environment, although some pi <Jects have been suggested. The greatest danger 
would exist if there are any currents or gyres, which drag the surface water 
into the immediate fall zona of the waterfall. This is quite likely, and any 
waterfall pool should be studied very carefully, and tested with floating 
objects the size of a human body, before any diver enters the pool. Any work 
of this kind must be treated as highly experimental, and divers must be 
advised to use every possible safety precaution and back-up.

Canadian divers have developed very effective techniques for working in 
white water conditions of rapids, rock pools, and small waterfalls. These 
techniques could probably be extended to cope with the situation of larger 
waterfall pools.

8.2.27. Underwater volcanoes and igneous intrusions

Diving in the vicinity of volcanic activity can only be described as 
extremely hazardous. Obvious dangers include explosive gases, excessively 
hot water and high turbidity. The only case where scuba divers have directly 
observed underwater lava flows is Hawaii where in 1970-1973 a number of lava 
flows entered the sea from a subaerial eruption from the flank of Kilauea 
Volcano (the Maunaulu vent) on the island of Hawaii (Moore et al. 1973). 
Because these flows originated subaerially, the lavas had several days' time 
to degas before entering the sea and they were not nearly as explosive as 
they would have been in the case of an underwater eruption. Underwater 
eruption is prohibitively dangerous and is never recommended for diving 
except in the case of hydrothermal vent activity, which normally is limited 
to gaseous emissions (black smokers). Actual eruptions underwater are 
probably best analyzed by remote instrumentation.

In the case of subaerial eruptions which enter the sea, the most 
dangerous factors to consider are heated water, turbidity and gaseous 
explosions. Heated water accumulates at the sea surface owing to its low 
density. The thickness of a heated surface layer will be a function of the 
amount of lava entering the sea and the degree of mixing at the shoreline. 
Long shore currents may greatly aid in the dispersal of heated water. Divers 
should avoid heated surface waters. This can be done by entering the sea 
outside the area of influence and swimming under the heated plume to active 
sites (Moore et al 1973; Grigg, 1973). On steep slopes divers should be 
aware and cautious of avalanching rock and gaseous explosions. This can be 
done by swimming several meters above the bottom. Observations of such 
volcanic flows can only be made under conditions when small amounts of lava 
enter the sea. Decisions concerning the safety of such missions must be made 
on site. Another•factor to consider is turbidity. Directly over underwater 
lava flows the water is often extremely turbid; too turbid in fact to operate 
safely. To avoid areas of high turbidity, divers should operate on the
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upstream side of active lava flows or possibly at slightly doeper depths. A 
third factor to avoid Is operating surface vessels which have seawater cooled 
onglnes In areas of hoatod plume water. Engines exposed to such conditions 
may overheat to the point of on-slte failure. Divers should wear protective 
wot or dry suits, which serve as Insulation to the heat as well es acting os 
protection from sharp, freshly fractured lava surfaces.

Divers operating In submersibles at hydrothermal vent sites might aiso 
take into consideration these suggestions to divers. The degree to which 
caution must be taken will depend on local conditions and the nature of the 
submersible, which can best be judged by on-site observers and divers.

8.2.28. Hot springs (potentially dangerous hot water)

Excessively high temperatures are rarely encountered In diving (8.2.19; 
8.2.23; 8.2.24). Hydrothermal springs or hot water vents can nevertheless be 
found in volcanic areas. Although emitted heat can be very high, it is 
generally concentrated in a few spots and rapidly dissipates into the 
surrounding water. Only in closed, small basins with limited water exchange 
can temperature rise to dangerous levels, while in lakes and the sea, even 
very close to the vents, temperatures suddenly drop to values of the normal 
environment. With water vents, gas is often present. Sometimes it rises as 
bubbles or pressure-driven bubble streams at elevated temperatures. 
Depending on the amount of gas and the depth, it may form a column rising 
toward the surface before it dissipates and can be dissolved.

Owing to differences in density, waters of different temperatures are 
usually easily seen because of the induced clear water turbidity marked by 
'trembling' light, but when the vents carry chemicals in solution or in 
suspensions, they are smoke vents.

A normal diving suit is usually a sufficient protection against hot 
water, that nevertheless must be approached with care. Real danger of 
scalding is a very rare situation. Long exposure to warm water can 
nevertheless cause hyperthermia of divers with consequent dizziness, 
headaches and difficulty in breathing, which can lead to unconclousness and 
collapse of a diver. Usually a rest in a cooler place will promote a rapid 
recovery from incipient hyperthermia and medical assistance is seldom needed. 
When one has to dive in warm water or near hot springs, physical excercise 
should be kept to the practical minimum.
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8.3. Artificial, experimental and unusual situations

Diving is increasingly being carried out in situations that range from 
the commercial scientific (fish tanks, shellfish rafts, etc.) to the 
scientifically bizarre (eg. studying algae growth in nuclear reactor cooling 
tanks). Although some of the sub-sections hero will not apply widely through 
the diving community, the recommended procedures are derived very largely 
from the experience of the technically developed countries, and will have 
increasing application in developing countries.

8.3.1. Fish tanks, cages, farms, shellfish, rafts: Diving in enclosures and 
other containers

Large containers are being used with ever increasing frequency by 
scientists and fish farmers. While diving procedures in large dammed 
impoundments and land-based tanks should take account of the special 
recommendations for confined spaces (8.2.18), culverts (8.3.3) and Inside 
storage tanks , many enclosures are deployed in open water and require 
somewhat different practices. Thia section deals specifically with diving 
in and around floating enclosures.

Types of Enclosure: Floating enclosures are usually made in three 
types of material, impermeable sheet plastic (eg: polythene, PVC), close 
woven material (eg: plankton net, sailcloth) and fishing net. Usually the 
sheet plastic and close woven material are used for scientific experiments 
while fishing net is predominantly used for the manufacture of sea cages in 
aquaculture. Ideally the plastic and close woven enclosures will be 
relatively rigid fixed volume systems while the net bags are usually loosely 
constructed.

The basic design of each system is similar, comprising a floatation 
collar, a container supported by the collar and a mooring system. The 
floatation varies according to the design but in the larger systems it 
usually doubles as a service platform. In this case it will be substantial 
and reasonably stable. Moorings can be independent but frequently several 
enclosure systems are interlinked by chain or rope to a common anchor.

Diving Procedures: Diving on enclosures is usually associated with 
deployment, maintenance and dismantling. The particular dangers are 
entanglement and being trapped between adjacent systems. A sharp knife with 
a saw-tooth edge must be carried. If convenient the knife should be worn on 
the forearm or the inside leg. Since enclosure systems are large and often 
complex pieces of apparatus, it is advisable for divers who are unfamiliar 
with the system to dive initially with someone who is familiar or, failing 
this, to be briefed fully on the layout and design before entering the water. 
Since most enclosures are supported from the surface the diver often has to 
approach the equipment from below. The diver should be aware that the escape 
route in an emergency frequently could be to descend before making for the 
surface.
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Diving around enclosures:

1. Underwater. The biggest risk while underwater is becoming tangled 
in the ropes and associated equipment. Netting, especially larger mesh 
material, can be exceptionally dangerous, particularly when unsupported or 
otherwise loose. When handling netting underwater extreme care should be 
taken and the diver should always attempt to faoe the netting in order to 
minimize the chance of the material being caught around the demand valve 
clamp. This is probably the most vulnerable part of the diving equipment and 
is most inaccessible to the entangled diver. The low pressure hoses of twin 
hose demand valves can be crimped and the diver’s air supply cut off by 
tangled netting or rope. Single hose valves are not so vulnerable. Where 
possible it is advisable for one of the team of divers underwater to stand 
off from the apparatus in order to be readily available to disentangle the 
buddy diver. Strong scissors could aiso be carried since they will probably 
be more effective than a knife for cutting slack netting.

The base of the enclosures often have heavy weights, which serve to 
tension ropes, etc. The locations of these should be known and caro should 
be taken to avoid cutting them free accidently. When swimming beneath the 
entire system the diver should make sure that there is plenty of clearance. 
Ropes held taut by such weights make useful hand holds for the diver and can 
be used in controlled ascent and descent.

With shifting wind, current and often large numbers of fish in net 
cages, irregular movement of the cage net and the shadow it casts underwater 
can be disorienting to the divers. Caro must be taken to have an external 
reference, even if it is only a compass bearing.

2. At surface. It is often necessary to use diving equipment at the 
surface when servicing enclosures. These structures are most vulnerable to 
wave action particularly at the point where flexible material is attached to 
rigid framework. Before diving, account must be made of sea state, and, 
where several units are linked, care must be taken to avoid getting trapped 
between the floating support structures. In some cases a surface attendant 
should stand by to prevent the units coming too close together.

Diving within enclosures: Diving within enclosures is usually 
associated with repairs or recovery of dropped equipment. Where possible the 
practice should be avoided since it is claustrophobic and can be deleterious 
to the experiment. It is inadvisable to dive in systems narrower than 2 
meters in diameter.

It is usually impracticable to dive in pairs within an enclosure so a 
fully kitted standby diver should be in immediate readiness to dive if 
required. In an emergency it is • most likely that the diver will be freed 
from the enclosure by cutting the material and escaping through the wall. 
Even in a normal situation the diver will need, assistance to climb out from 
within an enclosure.

Normal Ione diver practices must be adhered to. In addition to the 
diver's own safety line or, more preferably, communications cable, which 
should be held taut by the surface attendant, a weighted shotline down the 
center of the enclosure tied to the support framework is a useful reference
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point: and provides a moans of effortless vertical movement for the divor, It 
is frequently difficult and often undesirable to fin actively when inside an 
enclosure.

It is possible to repair punctures in watertight enclosures by clamping 
the damaged sections between suitably sized rigid plates or strips of wood. 
This requires divers both inside and outside the enclosure simultaneously. 
Although the material is usually translucent to some degree, it is often 
difficult for the divers to locate each other on either side of the wall. 
The best procedure is for the two divers who are to make the repair to 
arrange to rendezvous at some point on the surface and then to descend 
together to the damaged area keeping contact by touch through the flexible 
wall of the enclosure. The buddy diver for the 'outside' diver should stand 
off and watch the procedure.

When watertight enclosures are damaged they usually collapse. This can 
create difficulties for anyone diving inside since the airlift effect of the 
exhaust bubbles tends to draw material around the diver. It is important to 
be aware of such a possibility since the collapse tends to happen without 
warning, particularly when the diver is working at the base of the system. 
It is difficult to swim in such a situation but easy to escape either by hand 
hauling up the shot line or by careful use of a buoyancy aid such as an ABU 
or inflatable dry suit. In an extreme situation, the diver should be 
prepared to make an emergency escape through the enclosure wall by cutting 
through it.

There are no texts specifically on the methodology of enclosure 
techniques for scientific purposes. The introductory chapter in Grice and 
Reeve (1982) illustrates some of the types of floating enclosures used. 
Although there are many books on aquaculture, there are as yet no suitable 
descriptions of the types of sea cages used in the industry. New designs are 
constantly being developed, which further emphasizes the need for the diver 
to be familiar with the particular system before entering the water.

8.3.2. Support, launch and recovery of gear

The supporting role of the diver has proved invaluable time and time 
again to the marine scientific community. The majority of equipment used in 
marine research is complex and expensive and often the safe deployment and 
recovery can be aided by divers.

It is assumed that the equipment is either bulky, heavy or both. 
Diving techniques may need to be worked out to overcome the problems involved 
in being on or near heavy or awkward gear moving relative to a ship. A good 
dive boat should be used (9.2) and the mother sh.’p must have a smaller boat 
ready for immediate launch in case of emergency.

Ali straps, shackles and lifting gear must carry the relevant in-date 
test certificates pertaining to the legislation of the particular country or 
countries involved.
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Photo 7 : Divers are needed in severa! stages of the launch and recovery
of scientific research submersibles, and other heavy equipment. The divers 
attach and disconnect lifting lines, load and unload external carriers of tools 
and samples, and communicate with the occupants of the pressure sphere. Note 
the A-frame on the stern of the vessel, and the lifting strop. (Photo, IOSDL).
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Photo 8 : In preparation for scientific work at sea it is sometimes
necessary for divers to work in laboratory tanks to test equipment and 
procedures. In this picture the diver can be seen working underwater whilst an 
experimental communications and monitoring system connects him to an observer on 
the surface. The instrument chariot runs on rails, and for some tests the 
divers swam along the tank whilst the recording instruments tracked them from 
above. (Photo, IOSDL).
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Prior to diving commencing, arrangements should bo made to ensure that 
no sewage or rubbish is dumped over the side for the duration of the launch 
or recovery. Apart from the obvious discomfort for the divors, it can aiso 
attract unwanted visitors such as sharks.

There is a possibility that a diver may drift away from the ship; this 
may be caused by the way on the ship or currents and wind. Divers should 
carry emergency flares and a dye pack. A whistle is a good idea for short 
distances. When night work is involved, the diver should carry a flashing 
light.

Thora is little difference in diving technique when handling heavy 
gear, and most of the concern is brought about by being on or near equipment 
weighing 2 to 20 tonnes moving relative to the ship. This type of equipment 
may either be a towed body, a submersible, something that is lowered to the 
soa bed or a buoy or float. These may be launched either from the side or 
the stern of the vessel. Some of the following apply to one situation only:

1. Straps and lifting gear may have to be tested under mandatory 
Regulations.

2. The launch should take place on the windward side of the vessel so 
that the vessel drifts away from the equipment.

3. Fenders should be large enough to allow a 0.6m gap between the 
equipment and the ship under maximum compression, so that in the event of a 
diver getting between the two room will remain. These fenders should be 
attached to the equipment so that in a swell they move with the equipment, 
and are not forced out, and will not roll along the ship's side. 4

4. Two lines should be rigged fore and aft on the equipment to a towing 
point on the support boat which should tow off stern first in order that the 
coxswain can see what is happening and may apply full power to one tow line 
or the other if necessary.
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5. If it is possible, release of lifting gear should be by remote 
means. If this is not possible, then the hooks should bo fitted with grab 
lines and the divers should wear protective helmets.

6. Caro should be taken that no diver is caught beneath a pitching 
stern, particularly if the ship is transom sterned, In vessels with spoon 
counters it has been found that divers are displaced with the water, although 
this should not be relied upon.

7. In stern launch procedures, it is general practice to have way on 
the parant vessel. As this requires the use of the propeller, close contact 
must be maintained between the bridge and the diver's boat. When the 
propeller is started or revs increased, there may be a large surge and this 
is potentially dangerous.

8.3.3. Locks, culverts, ships' propellers or hydraulic inlets

There is the absolute necessity in diving around heavy machinery or 
hydraulic intakes for the diver to ensure that nothing will be moved, started 
or operated while the diver is in the water other than carefully planned and 
executed test procedures. Ali automatic operating systems must be disabled 
and the engineer, ship's captain or the person otherwise in charge of the 
operation of these systems must work closely with the diver and his/her 
handlers. It is strongly advised that the diver and the surface handler be 
in constans communication both for the efficient carrying out of the tests or 
inspections and for the safety of the diver. The danger of a diver being 
sucked onto the grill over a hydraulic inlet must be avoided. Procedures for 
locking the propeller shaft etc., are laid down in Navy Manuals and 
commercial diving manuals.

8.3.4. Diving underway

For the purposes of this section, the term underway shall apply to 
ships moving through the water. Aiso see Section 8.3.5.

A vessel will require a diver-support boat under these circumstances:

1. If it is of such a size that it cannot approach divers safely in 
prevailing weather conditions.

2. If it is of low manoeuvrability whether inherently or as a result 
of apparatus deployed from the ship. 3 4

3. If a diver's body heat will be lost rapidly when he would otherwise 
be towed through the water.

4. If delays in recovery of the divers are possible.

Separation procedures: Where appropriate the divers shall carry flares,
flourescent dye packs, a strobe light and a whistle. If the risk of a diver
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being separated from the support boat is thought to bo groat, radio beacons 
should bo worn or fixod to a surface buoy on a shot lina. Consideration 
should bo given to tho uso of acoustic communications or pingor and tracking 
devices. Thoro may bo circumstancos, for example working on fishing goar, 
when it is safor to roduco extraneous goar to a minimum in ordor to roduco 
the chances of becoming snaggod on tho moving apparatus.

If a diver is seen to bo drifting astorn and the support boat is unable 
to pick him/her up, a previously prepared buoy shall bo dropped to mark 
his/her position. The diver should mako every effort to attach 
himself/herself to the buoy, which will be fully fitted with rescue 
equipment. The buoy should be large enough to be found and should have a 
radar reflector.

When working on towed apparatus, there should be a trailing line 
leading to a substantial surface float. This can be fitted with one or moro 
quick release clips so that divers leaving the apparatus are marked at the 
surface. If one diver has reason to surface, he/she should ascend the 
trailing line. The surface support boat should be stationed alongside the 
trailing line float.

If it is noticed that a diver is missing, the marker buoy should be 
dropped immediately to provide a reference point.

If a diver drifts astern unnoticed, first the whistle and then up to 
half the flares should be used. It is important that the diver's flares are 
acknowledged as soon as they are seen in order to prevent panic. If these 
are not acknowledged, the diver should proceed in the direction of the ship 
assuming that no reference buoy has been dropped. If there is doubt as to 
the direction of the ship, the diver should remain where he/she is; after 
swimming in the direction of the ship for about half an hour and finding no 
buoy, the diver should stop to conserve energy.

The fluorescent dye pack should be securely attached to the diver and 
should only be used if an aircraft is sighted in daylight.

Decompression: Decompression diving underway must be avoided.

8.3.5. Diving on towed fishing nets

Diving on fishing nets is a practice that has developed over the years 
by research scientists involved in the design and engineering of trawling 
gear and in the behavior of fish reacting to the gear (Main and Sangster, 
1976, 1978, 1981, 1982, 1983, 1984, 1985). It Is not a dangerous type of 
divi'ng, if approached with both common sense and good diving techniques. 
How./er, it is different from almost ali other standard types of diving, as 
the fishing net or fish species under study is always in motion. Therefore 
the diver has, on most occasions, to keep up with the subject whilst being 
towed through the water at speeds up to a maximum of 2 meters per second (4 
knots) and obtain results.
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Diroct observation and quantitative moasuromonts by divers on trawl 
fishing goar requlro tho development of o groat doei of personal skill and 
oxporionco and must bo approached with caution. Initially, a groat doal of 
tlmo Is needed to develop both skill and tho methods that will produce the 
maximum amount of rolovant Information during onch dlvo In a limited 'no- 
docomprosslon’ tlmo.

Choice of Diving Personnel: Divers should bo oxperioncod and wall 
qualified in ali standard diving techniques. Dlvors must bo capablo of 
maintaining an increased breathing rato and proforably strong in the arms to 
hang onto fast moving gear and withstand an increased body drag. The divers 
should bo not prono to soa sickness, as vessels can work well offshore.

Basic Training: Although the ideal approach is to work with a team 
already woll vorsod In fishing gear diving, this may not be possible for 
various reasons. Tho alternative Is to try to simulate the real thing. A 
simple approach is to tow a heavy weighted rope behind a boat at a relatively 
low speed (1 knot). Allow a selected pair of divers to descend to the weight 
at approximately IO meters depth, hang on and attempt simple tasks whilst 
trying to regulate their breathing rate at that towing speed. Increase the 
speed and complexity of the tasks, as experience permits, eg: photography or 
communications. Instruct the divers to move their heads into and across the 
water flow, to feei the effect of drag on the faco mask and mouthpiece. Ali 
these simple steps will improve their ability for underwater work and 
increase their strength ct realistic towing speeds.

Equipment and Accessories: This type of diving requires a lot of 
common sense. Always remember this when choosing your equipment prior to a 
dive. Kets are full of snags and diving equipment has many pins, buckles, 
toggles, etc. Only take equipment that is really necessary for the job in 
hand. The most suitable diving gear is:

1. Dry suit with suit inflation worn over an appropriate undersuit. 
This will provide adequate insulation in cold water conditions.

2. Single tank scuba with a quick release harness. This is preferred 
to a twin set or a back-pack. This is lighter to handle on the heaving deck 
of a ship and is less of a drag on the individual at higher towing speeds.

3. Single hose regulator fitted with a contents gauge rather than the 
twin hose demand valves. It has been known for the second stage to purge due 
to the water flow, but this is not a common occurrence and can be overcome by 
a small piece of easily removable tape or by fitting a stronger spring. If 
taped voice recordings or communications are necessary on a dive, then a 
mouth box can be fitted to the second stage in place of the mouthpiece. This 
is preferred to the full face mask although either will reduce the pressure 
on the jaw muscles and will aiso keep the lower face warm and protected 
against jelly fish stings. 4

4. A depth gauge, watch and knife are essential. The knife should be 
worn on the forearm rather than on the thigh or lower leg. In this position 
it is less prone to snagging and it is more accessible in a current which 
tends to straighten the body.
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5. A small cassotto Capo recordor In a watertight housing with a 
remota microphone on a 'flying lead' allows many minutes of continuous roal 
tlmo Information to bo stored. This system eliminates the use of writing 
etc. A diver carriod, self contained, low light video-recording systom with 
an audio track is probably tho ultimate in free diving efficiency.

6, A large inflatable boat with a powerful engine is recommended. 
This rescue/tender boat should have a diving ladder for easy access, VHF 
radio for communication with the towing vessel and ali necessary safety 
equipment.

Tre-diva Procedures at Soa:

1. A total understanding of the geometry of the gear by the divers and 
a pre-dive briefing with skipper, crew, divers and boatman is essential so 
that everyone understands what is expected of each person.

2. A team of five divers is ideal with preferably diving in pairs with 
a maximum of three diving at any one time depending on the task. Two divers 
is the most practical team, with the third used as a standby diver in the 
tender boat.

3. The skipper of the fishing vessel should inform other vessels in 
the area of the proposed diving program and ask them to stay clear. The 'A' 
flag must be shown. .

4. Operations will almost certainly be dictated by weather conditions 
and it is usually the tender boat being unable to cope with the sea state 
that will cause cancellation of the exercise.

5. Although the expected diving depth has been pre-planned, unexpected 
changes in depth due to surface wind changes and cross tides can alter the 
ship's course into deeper water. Be aware of the depth that must not be 
exceeded and carry decompression tables for emergency use.

6. The tender boatman will be in a position behind the towing vessel.. 
It is often impossible to follow air bubbles unless there is a calm sea; 
therefore the boatman should look astern of his craft as well as to the sides 
and ahead. It is beneficial to have a lookout with a radio situated ori. the 
stern of the towing vessel as that person ie higher above the water and can 
see farther.

<r
Free Diving on Towed Fishing Nets: There are basically three types of moving 
fishing gear; seine net, pelagic or mid-water trawls and demersal or bottom 
trawl. 1

1. Seine Net. This is the easiest type of gear to work with, as the 
net begins from a stationary position and slowly increases in speed through 
the water up to about two and a half knots. The danger point in this 
category of net, is the fact that the netting is quite loose and floppy in 
the stationary mode. The meshes can easily snag a diver, but as the net 
moves forward, it becomes quite firm and safe to hold on to.
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2. Polagic not. This can ho tho most dangerous typa of not to tho 
diver bocauso It can bo towed over vory doop water. Tho not can aiso drop 
through tho water column for a number of reasons. If a diver was caught up 
in a trawl and tho buddy dlvor could not effect release, the ship could not 
be stopped and tho net would have to bo winched up to the surface at a speed 
that the divers could endure.

3. Bottom trewi. This is safer than other gear to dive on, as it is 
towed over tho bottom and in the event of any mishap, the ship can be stopped 
without fear of the net sinking into deeper water. There are problems of 
sand and mud being thrown up by the otterboards end passing back along both 
sides of the trawl, often completely obliterating part of the wires and 
netting. Until experience is gained, it is essential that the vessel tow a 
straight course to minimize this danger.

Observing Technique: The divers begin either from the stern of the towing 
vessel or the tender boat positioned along side the vessel. Jumping from the 
stern of the fishing vessel appears to be more dangerous than it really is. 
A diver entering the water from the large boat is moro relaxed than kitting 
up in a small tender boat. Prior to entering the water, the dry suit must be 
really well vented of air and the weight belt should be slightly heavier than 
normal. The team should enter the water and swim down the chosen warp while 
remaining together. It is not advisable to hang on to the warps as they are 
greasy and may have broken strands of wire. The divers should be able to 
follow the warp to the sea bed by treading water and dropping through the 
water column. This allows time to regulate breathing, check that ali divers 
are in the right frame of mind for the task in hand and adjust cameras, 
instruments, etc. Swim past the otterboards, sweeps, bridles until the net 
approaches and both divers can then either catch hold of the net and be towed 
through the water, or alternatively allow the whole net to pass by. The 
latter method is used really only for filming techniques. Never attempt to 
swim with the fishing gear as the diver cannot sustain fast speeds for any 
length of time. On completion of the exercise return to the net and stay 
together; leave together and do not waste time on the sea bed. Check depth 
and time and ascend to the awaiting tender boat. On the surface stay close 
together. Never use blob line or marker floats as this can be lethal when 
werking with fishing gear (6.7).

Towed Underwater Vehicles: To overcome the many problems of divers hanging 
onto towed nets, the use of a towed wet vehicle carrying two divers, cameras, 
communications equipment, etc. is extremely valuable and much safer than the 
divers remaining free in the water. However, this can be expensive and may 
need a bigger team to operate it. Nevertheless, this system can produce 
remarkable results in a relatively short time.

8.3.6. Diving from large ships

For the purposes of this sub-section, a large ship will be a vessel of 
1000 tons or over, with a freeboard of 5m or more (Aiso see Section 8.2.4.).

. The advantages of diving with a large support ship of this size are the 
ability to work anywhere in the world's oceans, long endurance at sea, good
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GROUNDROPE

photo io : Terminology of parts of a trawl net, showing the components
which may have to be photographed or measured by divers.
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Photo 12 : a diver swims over the mouth of a trawl net. In the foreground
the spreading wires, and the floats on the head rope. (Marine Laboratory, 
Aberdeen).
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living conditions, oxcollont tochnicnl back-up, (nodical facilities, good 
radio communications, accurata navigation, good laboratory conditions and tho 
possibility of evacuating an injurod diver by helicopter. Thoro is aiso good 
long range visibility from the bridgo, usa of radar and an ability to rido 
out storm. Tho opportunity to dive in those circumstances will usually ariso 
from participation in an oceanographic cruise on a largo research ship, or 
possibly research in association with the offshore oil industry or fishing 
industry or from a naval vessel.

Problems arise from the following factors: high freeboard, difficulty 
and time needed to launch and recover boats; slow manoeuvrability of a large 
ship; technical difficulty of starting and stopping main engines; difficulty 
of bringing a large ship close to shore, rocks or reefs; danger of being hit 
by the ship, especially when working noar the stern.

High freeboard: Boats, equipment and divers have to be lowered into 
the water; often from upper decks where there is more space. If a work boat 
is used, this may be stowed on davits. An inflatable will usually have to be 
lowered from a crane, using strops. Launch should be on the lee side of the 
ship. In windy conditions an inflatable can swing or rotate and hit against 
the hull, unless stabilized with line fore and aft. Divers and equipment may 
be embarked from a companionway, or by the crane. Because of the high 
freeboard, assistance to a diver in trouble can only be given by people 
already in the diver tender boats.

Launch and recovery of boats: Launch and retrieval of boats is time
consuming. In emergency, an extra boat cannot be launched quickly, and 
similarly, in emergency, a boat carrying an injured diver cannot be retrieved 
quickly. Allowance should be made for these factors when planning 
operations, and planning the equipment carried on boats. Thus ali boats 
should be equipped with radio to the mother ship, radar reflectors, tool 
kits, first aid kits etc. (6.2.5). If the work is in the open ocean, boats 
should carry complete survival kit and rations.

Manoeuvrability: Large ships have a large turning radius and in 
addition at slow speeds tend to be influenced by wind. A large ship always 
has considerable momentum. In the absence of lateral thrusters, a large ship 
at slow speed or hove to will be strongly influenced by wind. As a result of 
these factors it usually is not possible or desirable to maintain the vessel 
in close station to the divers, unless the work permits the divers to drift 
with the ship. Operations should be planned so that the diving is controlled 
from the small boats, and oriented directly to the boats. The ship may be 
stationed or drift l-2km from the divers.

If the main support ship is needed to launch scientific equipment in 
conjunction with diving support, it is presumed that the ship will be at 
anchor, or will have thrusters or dynamic positioning, so that it can 
maintain station. If dynamic systems are being used, the strictest 
precautions MUST be discussed fully with the ship's Master and the chief 
engineer before diving commences as these initiate automatically and might 
engage when a diver is in a dangerous position (Appendix 2 for industrial 
manuals and regulations).
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Starting and stopping anginas. Largo anginas must bo allowod to hoat 
up and cool gradually. For each ship and engine typa thora is a strict 
procedure for tho ratas at which speed can be increased or decreased. Diosol 
electric propulsion is an exception since the electric motors can be varied 
in speed without harming the diesel engines. Similarly, feathering 
propellers provide added flexibility. Notwithstanding these factors, it is 
generally true that large ships which are hove to cannot move quickly ahead 
without advance warning to the engine room. Conversely, the engine room 
requires notice of intention to stop. By careful discussion with the Ship's 
Master and First Engineer, it is possible to establish what procedures can be 
accepted as the norra, and what can be done in emergency, and hence work out a 
routine for maintaining the optimum close support of the diving operation.

Working close to shore and rocks. The Master of a large ship will not 
wish to endanger his vessel by bringing it closely to shore, reefs or rocks, 
where quick manoeuvres and rapid changes of speed are essential. It is 
reasonable for a vessel without thrusters to be kept at least l-2km from any 
navigational hazard. Divers planning geological sampling or study of 
biological substrate should be aware of this stand-off distance when planning 
operations.

Working close to the ship. When working close to a large ship, there 
are dangers from being trapped between the hull and any adjacent boat or 
equipment, from engine water intakes and outflows, from swinging blocks or 
lifting tackle and above ali from the rise and fall of the stern of the 
vessel. Depending upon the weather conditions and the precise shape of the 
stern, the degree of "slap" will vary from ship to ship. Nevertheless, until 
close experience and inspection have proved otherwise, no diving should be 
permitted close to the stern of a large vessel. In ali operations close to 
the ship, there must be the closest consultation between the Diving Officer 
or Dive Marshall and the Ship's Master and the First Engineer. Where 
relevant, crane operators and other technical support crews should be fully 
briefed aiso.

8.3.7. Severely contaminated water, toxic, and non-aqueous liquids

Engineering and scientific projects sometimes require working with 
large quantities of polluted or toxic water, or with non-aqueous fluids such 
as diesel oil or paint, or in water with dissolved toxic gases. During 
installation of instruments or sensors, or in carrying out unexpected 
maintenance requirements, it may be useful to have carefully prepared divers 
to work in these unusual circumstances. Such circumstances may arise in 
studying pollution or leakage from dumped toxic wastes, or within large tanks 
or containers. The strictest safety precautions must be applied in ali such 
circumstances, and the Diving Officer should conduct careful consultations 
with experts familiar with the hazardous or toxic chemicals involved.

Never dive in fluids containing highly toxic chemicals such as acetic 
anhydride, bromine, methyl parathion, acrylonitrile, epichlorohydrin, or 
chlordane. Never diva in fluids that contain contaminants that could 
dissolve the latex rubber in diving suits. Always consult an expert chemist
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or pharmacologist to assess tho risks from tho known concentrations of 
potentially toxic chemicals in tho water before diving.

Foam neoprene suits are almost impossible to docontaminato after severe 
exposure, and do not provide sufficient protection underwater. A complete 
dry suit should be used, with integral boots, and gloves that can be sealed 
onto th suit at the wrists. Helmets must totally enclose the head, and be 
sealed to the suit, and the helmet should preferably have a slight excess 
internal pressure. Exhaust valves should have a double exhaust flap system 
so that droplets of fluid cannot leak back onto the breathing circuit.

Suit materials must be smooth and slick on the outside so that they can 
be decontaminated. The surface attendants and line tenders should be 
protected by appropriate suits and gloves, since the handling of lines and 
the diver's equipment will inevitably put them at risk. Before diving, the 
Diving Officer must ensure that the appropriate decontaminating and scrubbing 
agents are available on site so that equipment can be cleaned when the diver 
exits the water.

Advanced equipment for protection of divers from severely polluted or 
toxic conditions has been developed by the National Oceanic and Atmospheric 
Administration (NOAA) in the U.S.A. (Barsky, 1986; Tejada, 1985; Wells, 
1984).

8.3.8. Sewage contaminated water

Typical situations that necessitate diving in sewage are: sewage works 
maintenance, sewage outfall construction and maintenance, sewage outfall 
environmental impact survey, and marine engineering site investigation. The 
main problems encountered are poor visibility and risk to health through 
bacterial or viral infection. To minimize these problems, first determine 
whether the sewage flow or volume can be reduced by the operators; secondly, 
carry out the following precautions: Hinimize exposure of skin to water by 
using a complete dive suit. Use a full faoe mask. A drysuit is preferable. 
If a wetsuit is used, swim through clean water before and after sewage 
contamination. Use life-lines and diver telephones to maintain contact. 
Have a typhoid and any other prophylactic injections as indicated by local 
conditions at least one week before the diving. Avoid stirring up sediment 
on the bottom by careful buoyancy adjustment. Do not dive with cuts or 
abrasions. Avoid swallowing. Wash ali equipment and body in disinfectant 
following the dive. Rinse eyes with optrex or some other solution after the 
dive. Rinse ears with earwash solution of 80% iso-propyl alcohol, 5% glacial 
acetic acid and 15% water after the dive. Spit out saliva frequently after 
the dive.

If the sewage is untreated (that is raw or only mascerated) it is 
essential to wear a drysuit providing full bodily cover; (See 8.3.7).

When diving in enclosed vessels such as sludge digesters, roping and 
voice communication is necessary. Supplied air should be breathed until well 
clear of the vessel and the diver should be fully separated from the diving 
medium. If there is space above the fluid in the vessel, it will almost 
certainly not be breathable and may be an explosive mixture.
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B.3.9. Polluted water and estuarine conditions

Scientists aro increasingly required to dive in polluted littoral zones 
that have received biological, agricultural and industrial effluents and 
discharges in order to study the impact of pollution. In addition to modern 
pollution of these waters, many estuaries contain areas that are 'polluted' 
through the natural processes accompanying restricted water circulation and 
oxygen depletion. In heavily polluted waters ali the procedures 
accompanying diving in sewage contaminated waters should be followed, but the 
risk of serious infection is not as great. These waters are usually not as 
unpleasant to dive in as seriously sewage contaminated water as the 
concentrations of pollutants of a corrosive or anoxic character are not so 
great.

8.3.10. Reactor shielding tanks

Diving in reactor shielding tank is only carried out when the reactor 
has been defueled or prior to fueling; there is therefore no danger from 
excess heat. Most work is of an inspection and repair nature and is thus of 
an entirely commercial character. The only hazard is of remnant 
radioactivity and levels are measured using a dosimeter carried by the diver; 
a dipped dosimeter is often used in planning the course of a dive as it can 
be placed in positions that the diver will occupy end the radioactivity 
levels of the dive can be calculated. Ali diving is tethered with a surface 
attendant in constant voice communication.

Many large, and some small specialist, diving companies carry out 
industrial diving in reactor shielding vessels and scientists wishing to dive 
in these sites should consult with these companies. Ideally, the scientist 
should be able to work with the company personnel in carrying out the 
scientific work with the normal commercial back-up; these are not low-cost 
diving sites.

8.3.11. Offshore platforms

The presence of the structure itself is the principal factor in 
determining the safety of diving from offshore platforms. The platform, 
which is expensive, is not there for its own sake but usually for some 
industrial or other purpose. The platform is usually associated with a 
complex of instruments, projecting arms, cables, wires and drilling 
equipment. A diver swimming into this maze of engineering needs to be fully 
acquainted with the distribution of equipment. Knowledge of the geometry of 
the platform and its superstructure is mandatory, especially in low 
visibility conditions. It is often best to work from inside the frame of the 
structure, which may be the space most free of wires and cables. In ali work 
scenarios entanglement is a serious risk. Changing tides, currents and the 
passage of fronts can cause the water to accelerate and change direction 
suddenly as it passes through and around the frame members.
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Photo is : Diver wearing a dry-suit with integrated face-mask and
mouthpiece to protect the face from pollutants in the sea water. The breathing 
gas is from a surface supply. (Photo, Nardo Vicente).
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Uhon a Cask has to bo performed on or noar a submerged structure or 
platform, thero must bo an extremely detailod plan of tho activity to bo 
carried out underwater. This should bo llmltod to a simple job objective for 
each dive. The surface team and tho divers must have detailod Instructions 
and communication between diver and the surface must bo carefully defined In 
the absence of a telephone link.

Diving may be carried out from small oceanographic platforms, 
experimental engineering or research platforms, or operational oil platforms. 
If scientific divers ara required to work from an oil Industry platform, It 
Is probable that they will have to comply with the Industrial and commercial 
diving regulations.

Where petroleum exploration or development drilling or production Is 
being carried out from a platform, the conduct of diving must be very 
carefully phased so as not to Interfere with work. In some cases this will 
moan that diving has to be carried out whilst Industrial operations are 
continued, producing considerable noise and vibration underwater. Great care 
should be taken to ensure that diving operations are only carried out when 
there Is no risk from heavy equipment or machinery moving underwater.

Ali diving operations from platforms should be additionally supported 
by a email boat. This Is a great help when the divers need to exchange 
tools, adjust Instruments, bring up samples, etc. Furthermore, In the event 
of emergency, a small boat can track the diver, whilst support personnel on 
the platform obviously cannot move. In stormy conditions It can be difficult 
for the divers to approach fixed members of the platform, and It Is much 
safer to home onto a support boat.

Platforms often attract submarine life, Including large fish and 
possibly sharks. Noise may help to keep them away, but this Is nore than 
compensated for by the usual attractions of food, garbage, etc. that Is 
discharged Into the sea from a platform. Divers working around platforms 
should always be on the look-out for sharks. In the event of Injury to a 
diver working on a platform far from shore, It may not be possible to 
evacuate the diver In bad weather (6.3.5.; 8.2.15).

8.3.12. Electrical fields

Installations producing pulsed or varying electrical fields such as 
screens, barriers or 'guides' to control the movement of aquatic animals, and 
Impressed current antl-corroslon cathodic protection systems are the main 
source of hazard to the diver (Shilling, 1976; Mole, 1984). Electrical 
systems for guiding fish are fortunately very little used either Inland or on 
the coast, primarily because they consume a great deal of electrical power. 
Inland electrical-fishing operations are associated with groups of people, 
wires, generators and often non-metalllc boats. Military areas where 
electrical systems may be used are best avoided unless there is full 
cooperation.

General: The physiological effects of electrical fields increase
progressively with increasing field strength, and depending on the direction

133



of '•'.io divor's body within the field. The diroct effoct upon the body of 
electrical shock is related to the magnitude of tho current passing through 
the body; especially the heart. This is known to be variable between people 
and there is much variation in data published on the offoots. However, tho 
diver may sense the effect of an electrical field or observe progressively 
erratic behavior of a compass or of fish. The effects of increased field 
strength and likely body current usefully can be divided into three main 
reaction groups.

1. The first reaction or perception threshold or shock with no loss of 
muscular control, whilst in fish fright and discouragement are observed. 
This first reaction is often associated with low frequency pulsed DC fields 
and large annodes (less than IO mA DC, 2 mA at 60 Hz or 20 mA at 10k Hz).

2. Painful shock, difficulty in letting go or muscular contractions 
whilst in fish electrotaxis is observed. Electrotaxis is a mixed reaction of 
attraction or repulsion and is associated with forced swimming of mid-water 
fish. It varies with the direction of the DC electrical field and its 
strength. Alternating current, as opposed to pulsed direct current, is 
rarely used for electrofishing as it causes rigid muscular spasm or tetanus. 
This second reaction is often associated with high frequency pulsed fields 
set up within the water (less than around 100 mA DC, 25 mA at 60 Hz, 100 mA 
at 10k Hz).

3. Ventricular fibrillation or in fish electronarcosis, immobilization 
or with sufficient power or close proximity or contact, death by 
electrocution. This reaction is associated with short-term contact or close 
proximity to large power sources (3 seconds duration; greater than around 500 
mA at DC, 100 mA at 60k Hz, 500 mA at 10k Hz. Or 0.03 second duration, 1300 
mA at DC, 100 mA at 60k Hz, 1100 mA at 10k Hz). The figures are taken from 
Haigh (1975), Smoot & Bentel (1971), Shilling et al. (1976) and Cromwell et 
al. (1973).

The conditions which influence the currents passing through the diver 
are influenced by a great variety of factors which include the water 
conditions (temperature and water chemistry, particularly conductivity), the 
electrical signal (frequency, shape and duration of pulse), the electrodes 
(size, shape, orientation and separation), the diver's orientation in the 
electrical field and the distance apart of wetted areas (w>4t vs dry suits).

Sites where electrical fields may be in operation comprise 
installations which are known to vary greatly in both the electrical power 
used and in the frequency of its pulsation or variation. They include:

1. Near intakes to pumps and turbines to prevent the entry of fish. 
They are commonly placed upstream of the main debris screens.

2. On complex watercourses or below dams to guide fish into 'passes' 
through or around obstacles. 3. Near channel entrances or exits to prevent 
the entry of intruder or unwanted aquatic animals. 4

4. On or around fish farms to isolate fish for management purposes.
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5. In gonoral whore fish oro roquirod eo bo captured by stunning. 
This technique has aiso been used experimentally for fish shoal capture and 
the romoval of burrowing animals. Recorders of fish activity or numbers by 
electrical mothods are of llttlo danger to tho dlvor when functioning 
correctly, but can be associated with fish 'guides'.

6. Cathodic and Impressed Current Protection systems particularly on 
off-shore Installations. 7. Military and associated Installations and 
vessels. 8. Proximity to large power carrying underwater cables.

The most obvious hazards are:

1. When drifting with the current. The diver may progressively be 
Influenced by the electrical field and become unconscious or could be held on 
an electrode Itself. This situation would Include oblique or transverse 
pulse electrified screens In rivers or near fixed coastal Installations.

2. Installations being switched on during dive operations. A locked- 
off key system must be used where this possibility Is known to exist.

Although freshwater applications occur (their rarity may be a danger In 
itself), marine systems require large amounts of power and .except for 
cathodic protection, alternatives are normally sought. In general, there 
should be no diving if there is a significant electrical field and if one is 
suspected, suitable precautions must be taken; the use of metal dive-boats 
must be avoided. The development of a suitable test meter is proposed.

The diver should try to maintain constant vigilance of unusual 
sensation when diving in unknown waters. Watch for unusual fish behavior and 
be aware that electrical fields affect compasses upsetting underwater 
navigation.

8.3.13. With large or dangerous animals In aquariums

The working divers at an oceanarium dive and work in controlled aquatic 
environments with a number of exotic species of animals, both mammals and 
fishes (8.2.12; 8.2.14). Many of these aquatic animals are, or can become, a 
threat to the uninformed diver.

Before entering any tank or facility with animals, talk to the handlers 
or curator to learn about the animals you are to dive with. If possible, 
identify each individual animal and obtain information about its specific 
behavior and personality. The more you know about the specific animal's 
natural or learned behavior, the safer you will be upon entering their 
environment. 1

1. Behavior of the species: Learn the general behavioral 
characteristics of each animal species, especially larger fishes and sharks. 
Know antagonistic and aggressive postures and movements. Observe animals and 
note natural and unnatural movements.
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2. Physical capabilities: Learn tho physical capabilities and 
capacities of each animal spocios. Know tho range of motion of tho animal,
i.e. up and down or side to side locomotion. Know tho strength and speed at 
which it can move.

3. Mating season: Know the mating seasons of each animal species. 
Males especially become more aggressive, as will females. Male dolphins or 
manatees may even attempt to copulate with humans during this time.

4. Females with young: Female mammals will become aggressive in 
protecting their young. Do not make any attempt to move toward or touch 
newborn or young.

5. Groups or single animals: Know and understand the social structure 
or hierarchy system of a group of animals. This will help avoid 
confrontations with the dominant animal.

6. Length of time in captivity: The longer an animal is in captivity, 
the less fear of man develops and they may become more aggressive. Aiso in 
an unnatural environment, unnatural behavior may develop or be learned. This 
is especially true with the smaller dolphin or toothed wales.

7. Climatic changes: Temperature and barometric changes seem to 
affect animal behavior. Cooler water can make animals more perky and 
aggressive while extremely warm water can make them irritable. Barometric 
pressure, along with extreme temperature changes can affect sharks and fish 
behavior.

8. Territorial behavior: Dolphins, whales and sea lions are 
territorial and may display aggression toward intruders.

9. Newly rescued or injured animals: An injured wild animal can be 
dangerous and unpredictable. The animal may or may not display aggression 
toward its captors owing to pain and/or fear.

Diving with animals other than shark:

1. Upon entry, observe animals and watch for nervous or erratic 
behavior.

2. Keep calm, swim slowly.

3. Once animals resume normal behavior, you may proceed with task at
hand.

4. Watch for agitation among the animals while you work.

5. Never make a move toward an animal that maybe interpreted by that 
individual animal as an aggressive action.
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6. Aggrossive warning signa, usually botoro physical harassment, may 
appear as Jaw snaps, false charges, fast or erratic swimming, rigid body 
posture, etc. Exit the tank upon observing this behavior.

7. Aggressive physical harassment by animals may appear as head 
butting, tail slapping or sometimes biting (mainly nipping bites with soa 
lions).

8. To exit the tank, swim along the bottom and up the side watching 
the animal as much as possible to fend off attack. Still do not take 
aggressive action. Swimming across the surface seems to be a submissive 
gesture and you may be subject to greater physical danger.

Diving with sharks (Aiso see 8.2.12)

1. Upon entry watch for nervous or erratic behavior.

2. Be calm and swim slowly.

3. Do not block the path of or corner a shark.

4. Never enter a tank with open wounds or pass bodily wastes once you 
are in.

5. Aggressive warning signs such as rigid body, arched back pectoral 
fins pointed down, exaggerated swimming action are but a few signs. Once 
these signs are observed you should exit the tank as fast but as quietly as 
possible with NO SPLASHING. Splashing and fast, abrupt movements on or 
underwater emits low frequency sound vibrations which will attract the 
sharks.

6. In the event of attack: a. Face the shark as much as possible while 
exiting, b. If more than one shark, crawl along the bottom then up the side. 
c. If the shark comes in for an attack, bring your knees up to your chest and 
kick him off. Preferably be on top of him and kick down or underneath and 
kick up. The shark can spin around much faster than he can move up or down 
in that their locomotion is from side to side. The eyes and gili slits are 
aiso vulnerable and can be punched or jabbed to ward off attack, d. Always 
carry bang sticks or shark billys for defense and use a shark cage when 
possible. There is little defense against a shark that is intent on the 
kill.

Remember that you are there on the animal's terms, not yours. You must 
respect and obey their rules.

8.3.14. Shipping lanes and fishing ground

If possible, the relevant local and national authorities must be 
notified well in advance so that 'notices to mariners' can be issued. This 
may be a legal requirement in some areas. Diving anywhere near fishing
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grounds can cause problems both for tho diving party and tho flshormon. As 
part of tho pre-dlvo planning, tho local fisheries officer or the local 
fishing co-op or fisherman's organization must be Informed. It Is courtoous 
to Inform tho local fishermen Individually Insofar as this Is possible. 
Finding out the normal hours that fishermen plan on being In an area will 
allow the divers to try and dive during hours when fishing Is at a minimum. 
Don't bother asking fishermen to change their schedules to suit the diving.

Divers must either tow marker buoys or descend buoyed shot line. They 
must surface up these line and must signal the surface or their Intention to 
ascend. An affirmative reply must be received before ascent commences. In 
addition, there should be some remote method of signaling the diver either to 
stay down or surface. The use of an underwater voice communications system 
Is highly recommended.

Whenever possible, diving should be conducted from a mother ship with a 
dinghy keeping close station on the divers. Appropriate signals must be 
hoisted. The support boat should carry radar reflectors. A radar check must 
be kept aboard the mother ship by the officer of the watch.

Diving Involving decompression stops Is not recommended as rapid recall 
of divers may be necessary with the approach of a vessel.

8.3.15. Subterranean artificial environments

Background: Some experiments require large tanks underground or in 
enclosed environments, such as an excavated cavern or mineshaft. This example 
is provided.

In an effort to provide experimental data on the matter of Proton 
Decay, a theorized mechanism of sub*atomic prticle behavior, a test tank 80 
by 70 by 60 feet deep, containing 10,000 tons of ultra*pure reverse-osmosis 
water was constructed in 1981 in a working salt mine near Cleveland, Ohio. 
It was necessary to choose a site at considerable depth (2,000 feet below 
ground) In order to provide some shielding from background cosmic rays that 
would otherwise interfere with the experiment.

The tank was constructed by excavating a hole of the proper dimension 
and lining it with a double layer of 2.5mm high density polyethylene. By 
pumping the water collected between the liners, it is possible to know very 
accurately the amount of leakage (if any). A floating ceiling of black 
Hypalon was placed over the tank to insure total darkness when the detector 
operates. Two thousand forty eight photomultiplier tubes, each 8 inches in 
diameter and fitted with a one meter square plate of light gathering plastic, 
line each of the six sides of this cube-shaped tank.

Establishment of Diving Operations: Following early successful support 
efforts, It became clear that diving would be necessary on a routine basis, 
not just In the Installation phase. A diving team was built up, conforming 
to the University Diving Program.
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Equipment specifically suited to the needs of the pi joct was purchased 
and stored on-site to ease mobilization and to minimize Ute opportunities of 
contamination of the water. Equipment chosen included Viking (hag) dry 
suits, full-face masks with communications, dual 80 cubic foot tanks and a 
lightweight unbilical consisting of a safety line with a communications 
conductor threaded through it. A compressor was placed on site.

Current Procedures: The Proton Decay (PDK) Diva Team is made up of 
University students and employees who must meet ali the requirements set 
forth by the Diving Safety Committee.

Additionally, PDK Divers are trained in the specifics of the task 
(diving in enclosed space, entanglement potential, blackout potential, 
contamination avoidance, etc.). Special attention is aiso paid to safety 
requirements set down by the federal Mine Safety and Health Administration 
and the owners of the salt mine in which the experiment is located. The use 
of mine safety equipment (hard hats, battery lamps, carbon monoxide 
scrubbers, safety shoes, ID tags, etc) is aiso necessary. For those divers 
regularly visiting the site, spocial courses in mine safety and first aid 
must be scheduled and completed.

Diving is limited to no-decompression profiles and a IO foot safety or 
precautionary stop is taken at the end of each dive. Because of the higher 
than normal air pressure above the dive tank, adherence to decompression 
table times introduces a safety factor. The tender makes regular air 
pressure checks and records the progress of the dive on a prepared form which 
becomes part of the permanent record
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SECTION 9. BOATS ANO SUPPORT EQUIPMENT

9.1. Introduction

Ali divers who are carrying out regular diving operations should 
familiarize themselves with both large and small boat operations as their 
knowledge will raise the level of safety. This section Is not intended to be 
a substitute for the many excellent manuals on seamanship and boathandling 
courses, and these should be used In conjunction with this Code of Practice 
along with any regulations or Institute Instructions for the operation of 
diver's boats. Divers should be trained In boat handling and Inshore 
navigation.

9.2. Suitable vessels and support boats

Three sizes of craft will be considered: 1. Small boats for direct 
close support of divers; 11. motor launches or craft up to IO - 20 meters In 
length that can provide support facilities, storage, etc. for a day or moro 
of diving operations In coastal waters; and Ul. sea going and ocean going 
vessels.

1. Whether in the open sea or In coastal waters, divers shall normally 
be attended by a small boat. This small boat may be dispensed with only when 
diving near the shore In clear, calm water with negligible currents. The 
small boa?* should be easily and safely entered from the water by divers, and 
will be fitted with waterline hand holds strong enough to take the weight of 
the fully kitted diver (6.2.5.). The boat will be stable and ride the sea 
without wallowing and It must have positive buoyancy In several sections so 
that It cannot sink even if holed; this applies to solid, semi-solid and 
Inflatable boats.

The type of small boat usually found most suitable for diving is either 
an inflatable with a hard floor or a flat-bottomed dory of from 3 to 5 meters 
in length. It should be powered by an outboard engine of between 25hp and 
40hp which is suitable for extended running at or near the idle position as 
well as being able to keep running at higher revs without overheating. A 
motor with two cylinders and a remote fuel tank is recommended. A smaller 
spare engine should be carried If the boat is working alone and any running 
engine should be bolted to the transom or secured to the transom with a 
strong line. At least double the expected fuel expenditure should be 
carried. Swi ten-over of fuel tanks should be made with the first tank on 
half to ensure return if the spare fuel is contaminated. Fuel should be run 
out of the tanks in staggered order based on the most recently mixed fuel 
available. A pair of oars should be carried.

2. The most suitable motor vessel for a small diving group is about IO 
meters long, with a small cabin, large cockpit, inboard (diesel) engine and 
preferably with a propeller guard but without a deep keel. An inflatable or 
dinghy should be carried or towed (6.2.5.; 6.2.6.). Larger vessels of 10-20 
meters in length can provide support, transport, accommodation, compressor, 
etc. for several days or weeks of diving in coastal waters.
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3. A largo diving support ship (6.2.6.) shall havo a moans of safoly 
and rapidly launching a small boat, A sling must be socurely attached, 
preferably to rigid parts of the small boat and not to eyos fixed to rubber 
patches.

A number of ships, particularly those with larger complements, are now 
using sewage plants In which several tons of sewage are stored In a caustic 
solution before being automatically discharged, complete with the caustic 
solution. This could be a serious hazard to a surfaced diver and 
arrangements must be made with the officer of the watch to prevent discharge 
while diving operations are In progress (8.3.6).

9.2. Safety equipment carried on board

An experienced coxwaln, who shall be responsible for the dive boat, 
must remain In the boat throughout the course of the diving. It Is 
recommended that the coxwaln take no part In the diving, but commonly members 
of the diving team will take turns as the coxwaln or boatman, as equally the 
divers aiso act as divers' assistants and boat crewman to set and raise the 
anchor or shot line. It Is aiso desirable to have snorkel cover available In 
the boat to assist the divers on the surface, particularly If they have 
brought to the surface heavy or bulky specimens.

The boat will carry a suitable anchor or anchors to deal with the range 
of bottoms likely to be found; normally a length of chain and weights will be 
fitted above the anchor. The end of the anchor rope must be attached to the 
boat by eye-splice and/or snap-clips.

The boat should carry a securely attached watertight emergency box or 
boxes carrying:

1. In date distress parachute or rocket and smoke flares; weighted 
thunderflashes where allowed, but these may be considered as explosives and 
not allowed In some countries.

2. A spare spark plug and plug spanner, water repellent (WD-40 or 
silica spray), split and shear pins and a length of narrow rubber tubing 
sufficient to be used as a fuel line on the engine block.

3. Spare starter cord.

4. Basic tools for dealing with the engine and boat (e.g. screwdriver, 
adjustable spanners, pliers, thln-bladed knife) as well as the regulators and 
harnesses of the diving gear. Serious maintenance such as repairing cameras, 
should be left until return to the support ship or land base.

5. A small but comprehensive first aid kit.

6. A card carrying the information important to post-dive safety (6).

7. A repair kit and suitable foot or hand pumps in the case of an 
inflatable.
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8, A small bottle of medical oxygon and resuscitation mask to be used 
only for dealing with a decompression sickness emergency.

9, A radio with appropriate frequencies should now be carried on any 
scientific diving boat.

10. The boat should carry and display an appropriate divers' flag only 
when the divers are In the water.

11. A boat shall carry a compass, chart, and navigation light or lights 
appropriate to the boat's length if operating at night or In fog. A 
collapsible radar reflector Is recommended.

Additional Items are required when working In remote areas or other 
special or extreme conditions (8) and core should be taken by the Diving 
Officer to ensure that ali possible boat*Items are available and In working 
order. Many lists of equipment, often recommending proprietory brands, are 
published.

It Is the responsibility of the Dive Marshal and Dive Leader to check 
the emergency box and other boat equipment before each diving day, and at 
each change of diving group on the boat.

When the divers are down the boat should remain close at hand and on 
watch so that the divers can be picked up as soon as possible on surfacing. 
If there Is liable to be any doubt about the position of the divers when near 
the boat (e.g. In surface water of low visibility), the propeller will be at 
rest unless fitted with a propeller guard.

The boat, particularly If It Is a fiberglass dory, should not be 
overloaded and should be kept as tidy as possible (6.2.5).

Except In conditions of absolute safety, ali passengers and crew In a 
small boat should wear buoyancy aids or diving or exposure suits.

In the case of an Inflatable, it is important that equipment does not 
chafe the floats. This can be achieved by means of an interior canvas lining 
to the boat and by careful stowage of gear.

9.4. Range of operating conditions

Depending on the type and size of boat and motor being used, the level 
of teamwork and the physical capabilities of the diving party, as well as the 
nature of the scientific work, the range of operating conditions will vary.

Some boats are much more capable in bad weather than others, ie: a 
Zodiac MK IIIGR with a 35-40hp motor is much more seaworthy than a Zodiac MK 
IIC with a 15hp motor and the working limits of the basic boat provides the 
primary constraint. On the other hand, the MK IIIGR cannot make rapid way in 
sea conditions much above those associated with force 5 winds, whereas an 
Avon 5m Searider can make excellent way and provides possibly even a better 
diving platform, except for the low transom that causes the boat to be rather
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easily floodod. Maximum operating conditions for a diving boat will largely 
depond on its size and power. For instance, 16ft RNLI (OB) inshore rescue 
inflatable with 40hp onginos oro not permitted to operate more than 5 miles 
(8km) from the coast or in wind force exceeding 6. This is a maximum for an 
emergency service and routine diving operations should be well within this 
limit. Smaller and less well engined boats will have substantially lower 
limits.

Diving from large launch or specially designed diving vessel can be 
managed in very bad soa conditions but the divers can be in some danger in 
the immediate vicinity of the boat. In bad conditions no diving boat should 
be anchored, especially when divers are in the water, unless there has been 
or is liable to be an engine failure.

Experienced divers operating'with proven equipment can work safely in 
conditions that would be hazardous for less well prepared divers.

Some operational requirements are:

1. Limits of weather and sea state should be stated in the operational 
instructions for each project as each diving area will be subject to somewhat 
different conditions because of local protection and back-up.

2. If there is any possibility of deteriorating conditions whilst 
divers are down a rapid recall system must be available.

3. It is the Dive Marshal's responsibility to satisfy himself as to 
weather outlook, including listening to the broadcast forecast for shipping. 
Heather services will often be ready to supply detailed forecasts for a 
particular area on request and this service should be used, if possible.

4. In poor conditions, operations should be cancelled or suspended well 
before they become dangerous. It is the responsibility of the Dive Leader in 
charge to use judgement.

9.5. Diver recovery aids

(Aiso see 6.3.1.; 6.3.2.)

A diving boat, if anchored on dive station must be moored in such a way 
as to be able to slip immediately, e.g. by buoying the anchor line. When 
operating in currents, a downstream float and floating line of adequate 
length will be trailed from the boat if it is anchored or from the shot line 
buoy (8.2.8) if the boat is manoeuvering. A diving boat will have adequate 
water-level hand hold and will be fitted with a diver's ladder for ease of 
boarding. Divers should practice the technique of getting into an inflatable 
unaided and with no ladder as they are otherwise helpless alongside an 
unmanned boat. A short, but blunt boat hook for pulling the diver in can be 
put on the handle end of an oar/paddle and can be useful for reaching a rope 
or a diver.
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9.6. On board compsaaaion chambers

Because of Choir size and bulk and the cost of operating then safely, 
on board compression chambers are only found on larga ships (8.3.6). The 
presence of an on*board compression chamber is advisable and even a legal 
responsibility for certain types of diving, especially in remote areas or in 
blue water diving well away from a compression chamber on land. The chamber 
should be at least two compartment with a double airlock entry chamber into a 
larger chamber that can be entered for shorter periods by medical and other 
personnel. Standard seta of this equipment are commercially available and 
back-up and operating systems uva ali well established (8.3.6). If a chamber 
is to be used, at least two members of a diving team must be trained in its 
operation.

One-person transportable chambers must only be used if there is a 
guaranteed system of rapid transport to a fully supported two-compartment 
chamber facility, and the proven capacity to transfer an injured diver under 
pressure.
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SECTION IO. SPECIAL EQUIPMENT

This Boctlon discusses some special types of experimental oquipmont 
that scientific divers may need to use from time to time.

10.1. Towed sledges

Diving on a towed s'.Ledge may be necessary when It Is Important for a 
diver to study or Inspect some object moving In the water faster than he/she 
can swim, or faster than an unstreamlined dlver/DPV vehicle. A sledge aiso 
provides the means to survey or photograph rapidly very large areas of the 
seabed. The divers usually shelter behind a streamlined fairing that allows 
them to pass through the wator at speeds that would tear off their equipment 
If they were not so sheltered.

Vehicles without a buoyancy control must only be used when the maximum 
seabed depth is within a safe diving depth. This type of vehicle cannot be 
used over very deep water, since in the case of the towing vessel stopping, 
the towed vehicle would tend to sink steadily with the divers.

Vehicles with a buoyancy control can be trimmed to stay at a safe 
diving depth, but most work within the "No decompression limits". This would 
allow a buoyancy controlled vehicle to work over deep water when necessary.

Ideally, vehicles should carry two divers.

Vehicles should carry the following safety equipment and have the 
appropriate back-up facilities:

1. A location device should be fitted to the vehicle ie. a pinger, for 
which a locator Is held in immediate readiness for the back-up team, so that 
the vehicle could be quickly located in case the tow line parts.

2. Communication to the towing vessel by line or through water must be 
provided for both occupants.

3. Communication must aiso be possible between the occupants in the 
vehicle.

4. An emergency breathing system should be fitted for both occupants 
in the vehicle.

The divers should check the vehicle and equipment before it is deployed 
and again after they enter the water prior to diving. Following positive 
checks and a clear signal from the divers, the surface controller should then 
give clearance and permission for-the dive to commence.

Occupants should wear scuba diving equipment whereby the divers can 
leave at any time whilst under tow and ascend to the surface in an emergency. 
Divers should normally remain with the vehicle until it has surfaced and the 
safety boat closed up.
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Monitoring should bo carriod out by tbo surfaco control team of diving 
times, depth, positioning of tho vohiclo, and tho comfort of the divers in 
relation to cold.

Vohiclo occupants must havo comploto over-all control of a diva unless 
thora is a breakdown in communications where the surface controller would 
take over and take appropriate action to continue or terminate the dive.

A cover boat must be in position well astern of the towing vessel and 
equipped with radio for communications to the towing vessel. The divers' 
cover boat will display the divers' flag and should carry an emergency and 
first aid kit.

The towing vessel should warn other vessels in the ares to stay clear 
and give a wide berth whilst diving is in operation. Appropriate diving and 
towing signals and lights must be shown.

If for some reason the ship stops, the vehicle must be able to return 
to the surface on the maximum length of the cable deployed using its own 
buoyancy and at the correct rete of ascent for normal scuba diving.

Adequate protection against the cold must be provided le. uni-suits or 
dry suits with thermal underwear; the divers may be in the water a long time 
with little activity.

Basic training should be prodded in the handling techniques of the 
vehicle.

The task to be attempted must be fully discussed and understood by both 
divers and controllers including the skipper.

Divers should not be attached to the vehicle by buddy lines. The 
exception is where the diver is connected by a communication cable and these 
should have McMurdo type plugs and sockets where quick release is possible.

Trailing marker lines from a vehicle is not always practicable or 
advisable and especially when working with fishing gear, pingers must be an 
accepted alternative.

Divers should not enter a towed vehicle until it has been deployed and 
Is well away from the towing vessel.

10.2. Vet diver transport vehicles, diver propulsion vehicles (DFV)

Diver propulsion vehicles have their own power units and are steered by 
the diver altering the position of his/her body and fins. The speed may 
vary, but the diver is usually moved directly through the water as there is 
rarely a faring to provide for shelter or streamlining. More elaborate DPV's 
that the diver can actually get into are really mini-submarines.
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Since the introduction of free diving a range of submersible vehicles 
designed for the transportation of scuba divers with and without additional 
equipment has boon dovolopod for sport, military and commercial purposes, 
Although their utilization has boon limited, there are definite areas of 
underwater activity that bonefit from their application. The Farallon Diver 
Propulsion Vehicle is probably tho most successful and well known DPV, 
although many other manufacturers aiso produce similar vehicles. These 
vehicles are used for towing divers on survey, inspection and exploratory 
dives for an hour or moro at speeds of 1-3 knots. More sophisticated 
vehicles which enclose the diver and offer protection from cold, drag and 
dangerous predators, are aiso available in limited numbers but are more often 
designed and built individually by institutions or enthusiasts. If the 
application of a diver transport device is contemplated then the following 
points should be taken into consideration:

1. Discipline. Submersible vehicle operations must be disciplined 
with an accepted set of rules to ensure the safety of those involved.

2. Chain of Command. Thi:« should be composed of experienced and 
competent personnel to ensure proper vehicle maintenace, dive planning, 
operational and emergency procedures. Factors to be taken into account 
Include overall safety of the mission, liaison with support vessels and shore 
support, battery charging and vehicle preparation, vehicle launch, dive and 
recovery, personnel briefings, pilot and crew endurance, crew experience, 
emergency arrangements.

3. Pilots and Crew. Pilots should be experienced divers with good 
understanding of their environment, have an aptitude for mechanical and 
electrical systems, and be familiar with che complete submersible system. 
The pilot should be responsible for the Pre- and Post-dive checks. Crew 
members must be familiar with the emergency procedures. Rapid ascents and 
descents should be avoided as ear clearing can be difficult if both the 
divers' hand are engaged on the DPV.

4. Dive Planning. Should take into consideration the location and 
environmental conditions, the dive objective, the schedule, special mission 
needs, safety considerations, communications, vehicle and crew endurance, 
weather and tides, water depth and topography, known hazards, water 
temperature, emergency procedures, etc.

5. Support Vessel. Must be available t' stand by and track the DPV 
from launch till safe retrieval. Tracking a marker float is quite realistic 
in water free faom obstructions and of limited depth. Sea state limits for 
launch and ratra Aval should be established. Surface visibility of less than 
one mile (1.6km) should prohibit submersible operations.

6. Check list. The more sophisticated the vehicle Is the more 
elaborate the check list required, but even the most simple of vehicles 
should have a fixed routine to avoid battery gas hazards and accidental 
floodings. 7

7. Submersible/DPV. Maximum dive duration should be established as 
should emergency reserves of power which should not be utilized for any other 
purpose. Speed should be restricted within the visibility limitations of the
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water. Dive times and ascont ratos must never exceed thora of normal scuba 
diving practice. Operational range must not exceed that of clear 
communication between tho submersible and tho support vessel. Post 
operational do-briefing must highlight any equipment malfunction which should 
be corrected before a further dive.

8. Vehicle design. Should minimize the possibility of entanglement. 
Emergency power and de-ballasting facilities should be provided. Battery 
compartments must have gas tight Integrity from switch gear and other 
electrics. Batteries should have emergency isolators, circuit breakers and 
be appropriately fused. Battery compartments should be well ventilated for 
charging and preferably purged with nitrogen before closing or opening. An 
Explosimeter can be used to test for hazardous gas mixtures. Do not 
underestimate the dangers from either a short circuit or gas emission. 
Consider static and dynamic stabilities of the completed vehicle and crew 
both at the surface and underwater. Consider vehicle drag, total battery 
power required, control surfaces, buoyancy and trim control, waterproofing 
techniques, instrumentation, ergonomics, payload and safety from electrical 
shock (8.3.19; 10.5.1).

9. Operating procedures. Should be established for: Battery charging 
and dive preparation, launching, communication and tracking, surfacing, 
recovery and towing.

10. Emergency procedures. Should be established for: Vehicle loss 
underwater and at the surface, electrical failure or fire, flooding, 
entanglement, H.P. air loss, loss of surface contact, diver loss and vehicle 
out of control.

11. Safety equipment. To be considered would include: RDF Beacon, 
xenon strobe light, pinger, lifting .lines, marker lines and buoys and 
portable transceiver radio kept in a waterproof container for emergency use 
on the surface.

10.3. Remote Controlled Vehicles (RCV)

These ara aiso known as remotely operated vehicles (ROV). Divers are 
commonly employed around RCV's when they are being placed in th« water and 
when they are being taken out. Once they are lowered in the water and the 
lifting gear is released, often by divers during the course of inspection 
check-out, the RCV descends under remote control from the mother vessel. 
Divers may once again be used when the RCV comes to the surface in order to 
ensure that lifting harness is properly connected and that the RCV is safe to 
lift.

Use of divers in the vicinity of RCV's must be closely controlled as 
the personnel controlling the vehicle are usually out of site of the vehicle, 
as the control room is often within the. ship or in a windowless container 
console on deck. Because the thrusters on the RCV can cause serious injury 
to a diver, the handling operations must be part of a well ordered drill, 
controlled from the deck of the mother vessel by a controller who is in
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visual contact with tho divots and with tolophono communications to tho 
control room,

A small RCV with lights and vidoo-camora, sometimes known as a "flying 
eyeball", can work efficiently with divers, providing an overview for topside 
supervision, work guidance, and safety.

10.4. Use of explosives

Many underwater operations can be carried out quickly and conveniently 
by blasting using explosives underwater. These Include deepening rivers and 
channels, cutting piles and dispersing wrecks. The use of explosives under 
water is complicated by the necessity for special waterproofing precautions, 
especially where electrical shotfiring is used, by the difficulty of placing 
explosives charges most effectively and by the weight of the overlying water. 
These difficulties are more than offset by a considerable economy in labor 
and the great saving in time in which the operations can be completed.

Special attention may be required in underwater blasting to ensure that 
there is no excessive vibration or shock which might cause damage to 
neighboring structures or equipment. This.is because water and water-bearing 
deposits are very effective transmitters of shock waves. Where the 
explosives are placed in shotholes, the chief factor will be ground 
vibration, but with unconfined charges the effect of the water-borne shock 
will predominate.

Divers handling explosives should attend a recognized course on 
explosives at a suitable military or civilian establishment. Normal 
precautions for handling explosives should be taken.

The peculiar effects of underwater explosions are summarized by 
Shilling et al. (1976) and the U.S. Navy Diving Manual (1979). Any person 
exposed to underwater blast of any severity should receive medical attention, 
whether or not them seem to be injured. Internal damage can be serious with 
no superficial symptoms.

Storage and Detonators. There is a danger that stray electric currents 
near outboard engines or electrical equipment may accidentally set off a 
detonator. Always short out detonators by twisting the lead wires together. 
Store the detonators as far away from the actual explosives and electrical 
sources as possible. Hand operated exploders are safer than batteries, but 
if batteries are used keep them in a dry box with a lid. Fuse ignited 
detonators are more shock sensitive than electric detonators. These should 
be kept in the manufacturer's cartons within a box that will resist 
fragmentation. Quantities carried should be kept to a minimum.

Procedure. Charges must be made up on the surface and the person 
making up a charge in a boat should wear no diving equipment other than a 
suit. Great cara sl.juld be taken to check the whereabouts of divers since a 
mistaken diver count could lead to a diver being in the water when a charge 
is detonated. It is probably best for a single diver to lay the charge and 
to be solely responsible for detonating it. Care should be taken that a boat
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does not drift over a charge before it is detonated. Host divers swim with a 
loft or right bias; make sure that the diver setting the charge has not swum 
full circle laying the charge under the boat. When the diver has placed the 
charge and left the water, only then should the other end of the cable be 
connected to the exploder at the firing station and the shot fired.

If the diver is to return to the unfired charge, first disconnect the 
cable from the exploder. In the event of a misfire great caro must be 
observed. Ho person shall be allowed near a charge unless it has exploded or 
until an interval has elapsed of not less than 30 minutes in the case of 
firing by fuse, or IO minutes in the case of firing by electricity.

General recommendations for shotfirers:

1. Do not store explosives, detonators, etc. except in a proper 
magazine which is clean, dry, well ventilated, well constructed and properly 
locked.

2. Explosives and detonators must be stored separately, either in 
separate magazines or in a compartmented magazine. In this connection it 
should be noted that detonating fuse should be stored with the explosives.

3. Do not smoke or allow any matches or open lights in or near the 
magazine or whilst handling explosives and detonators.

4. Do not keep any metal tools in a magazine and only wooden tools 
should be used for opening cases.

5. Do not drop or slide cases of explosives or handle them roughly.

6. Issue explosives and detonators in the sequence of manufacturing 
dates marked on the cases.

7. Do not open cases inside the magazine.

8. When a case has been opened, its contents should be used before 
opening another case.

9. Do not make up primer cartridges inside a magazine.

10. As in storage, boxes of explosives and detonators must not be 
transported with anything else such as metallic tools and inflammable 
liquids.

11. Where feasible, explosives and detonators should be conveyed in 
separate vehicles or carried by different people. If both have to be carried 
in the same vehicle or by the same person, they must be placed in separate 
containers or in one container that is adequately partitioned. 12

12. Again as for the magazine operations, when unloading the boxes or 
containers from the vehicles or when setting them down, they should never be
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slid on t:ho ground or ovor one another. Each should be liftod carefully and 
put down without shock and nover dropped or thrown about.

Instructions for blasting operations must be directed by an experienced 
porson fully qualified to do so. Detailed inquiries can best be delt with on 
an individual basis by reference to appropriate military or civilian 
personnel by scientific divers when they wish to involve blasting in their 
work. Table 10-1 shows explosives that are recommended for underwater use.

■LttLFXP -OiV—J._l_
Product Description Cartridge

diameter
Head of Water 
(dentio ...

Duration of 
_ Immersion. ..

'Subaq' 90 High density, high 
strength gelatinous 
explosive. Plastic 
cartridges with built- 
in channel for deton
ator leads or
ICordtex'

63mra/2;5in Down to 43m 
(140 ft)

Several
days

'Subgel' High density, high 
strength gelatinous 
explosive. Plastic 
cartridges with built- 
in cheynei for deton
ator leads or 
'Cordtex'

63mm/2.5in Down to 46m 
(150 ft) or 
more

Several
weeks

Special
Gelatine
80% & 90%,
Seismic
Gelatine

Medium density, medium 
strength gelatinous 
explosives. Paper and 
chipboard cartridges

Ali sizes ,)own to 6m 
(20 ft)

A few 
days

Opencast
Gelignite

High density, high 
strength gelatinous 
explosive. Chipboard 
cartridges

70mm/2.75in Down to 30m 
(100 ft)

A few 
days

Plaster
Gelatine

High density, high 
strength gelatinous 
explosive. Paper/ 
polythene wrapped 
slabs

Various slab 
and
cartridge
sizes

Down to 46m 
(150 ft) or 
more

Several
weeks

Submarine
Blasting
Gelatine

High density, high 
strength gelatinous 
explosive. Paper and 
chipboard cartridges

Ali sizes Down to 450m 
(1500 ft) or 
more

Several
weeks
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10.5. Ula of electricity underwater in equipment and expérimenta

Underwater electrical equipment (8.3; 10.2; 10.3) introducea hazards to 
scientific diving (8.3.19).

Water, particularly if it is salty, is a moderate conductor of 
electricity. There is, then, an apparent hazard to divers and submersible 
pilots who have to work with electrically controlled equipment. However, it 
can be safe to use electricity underwater (8.3.19).

The most obvious of the dangers from electricity underwater is electric 
shock from a malfunctioning or improperly grounded aparatus. When using any 
electrical gear underwater, therefore, it is imperative that the equipment be 
thoroghly tested before it is deployed for use, and then only in the precise 
manner that it was designed for. Electric shock can come from either a 
generator or battery sourcu and it should be noted that a 48 volt battery for 
a DPV can often deliver a more serious shock than a 120 or 220 line voltage 
because of the higher amperage loading of the batteries.

10.5.1. Units powered from surface or remote batteries

If the casing of the electrical apparatus is metallic, it should be 
electrically continuous and should be adequately earthed by a suitable 
electrode at the battery or generator end of the system. Conventional 
overcurres.t protection, preferably supplemented by earth leakage trips 
provides a similar safety factor to that of earthed hand-tools used outdoors 
on the surface. A system using an isolation transformer and amplified 
differential earth leakage protection is to be preferred. A limit of 5mA 
tripping current is suggested • if false inning occurs at this level it 
indicates inadequate insulation in either the cable or apparatus. The 
possibility of using intrinsically safe supplies (i.e. those employing 
potentials below the limiting value) exists but care must be taken to use 
design information obtained from a reputable source.

10.5.2. Units powered by self-contained batteries

Self-powered units present an electrical and an explosive hazard. 
Batteries should be connected just before use and disconnected as soon after 
use as possible.

Electrical, hazards. If the case is either metallic and electrically 
continuous or insulating, then even in the event of implosion the risk of 
dangerous external fields is minimal. Caro must be taken if attempts are 
made to salvage such items as it may take several hours for the batteries to 
discharge. ’

Explosive hazards. The risk of explosion is considered to be the main 
hazard with self-powered units.
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Many batteries (even when described as sealed) evolve hydrogen at 
times. Table 10-2 indicates when this may happen. Unless nitrogen or oil 
immersion is used, ali such units should be opened when on charge and after 
use in the water. H2 pius O2 is the explosive mixture resulting from an 
evolution of H2 into an air filled compartment. The opening of ali 
underwater battery compartments must be carried out in the open air away from 
any burning material and very hot surfaces. Once air flushing has been 
carried out, the vehicle can be reassembled, but not sealed and the small 
amounts of H« that may evolve after discharge should dissipate without danger 
as long as the batteries are in a well ventilated place.

Additionally, protection against sparks may be obtained by using 
magnetically operated reed switches. As very considerable quantities of 
hydrogen can be evolved from a battery discharged to a level where the 
weakest cell is reversed biased, it is strongly recommended that a circuit be 
incorporated to isolate the batteries when their EMF falls below a 
predetermined level.

1 CiVUil
Battery

itionotaases
Under Charge

rr.ora Batteries
Normal Discharge Discharged flat- 

so that some 
cells may

„reverse bias .
Lead Acid Hn 41 On h2 Ho 0o
Ni-Cd h2 + °2 None h2 + °2
SealedNi-Cd Possibly Ho None Possiblv Ho .

10.5.3. Other hazards with batteries

Emission of toxic fumes can be a problem associated with various 
batteries and good ventilation is always sufficient to deal with this 
problem.

Fumes from overheated insulation may be a problem, but dangerous 
plastics that evolve poisonous or carcenogenic gasses under high temperatures 
are now only commonly found on older insulation. Diving Officers should 
inspect the wiring and the age of the equipment to assess the likelihood of 
this problem with their equipment.

Ali electrical equipment should be inspected from time to time and at 
the first sign of trouble, should be subjected to replacement or very 
thorough service and further inspection.

A code of practice for use of electricity underwater has been published 
by CIRIA (1982).
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10.5.4. Precautions when handling equipment on boat or surface

Divers and personnel with wet hands should not be allowed to handle 
batteries and electrical apparatus on the surface. Potentials that are not 
dangerous or even detectable to persons with dry hands may be dangerous to a 
diver whose skin is soaked with salt water.

10.6. Use of radioisotopes and radioactive chemicals

This section is concerned with biological and, possibly, some 
geological experiments in which material is exposed to radioisotopes in 
relatively small, sealed containers underwater, or as low-activity sediment 
tracers. Experiments where l*rge amounts of radioisotopes are administered 
to open systems are not consiv.ered and would require special authorization 
should they be justified.

10.6.1. Relevant authorities and literature

The use of radioisotopes in most countries is strictly controlled by a 
large amount of legislation concerned with handling, storage and 
transportation of the materials (Appendix 2). Divers wishing to use 
radioisotopes should make reference to appropriate governmental or other 
national authority that is charged with supervision of radioisotopes. 
Nuclear Energy Boards, Departments of Energy, Ministries of Health, 
Radiochemical Inspectorates, or other agencies can be identified within most 
countries.

10.6.2. Legal requirements and recommendations

The project must have the prior approval of the national controlling 
authority, usually your own laboratory radiation protection officer. The 
site or area where you propose to work and the isotopes to be used must be 
registered with the appropriate government authority. Overseas work must 
conform to any local regulations, which are best interpreted and implemented 
with the help of a local institute.

Personnel must be designated radiation workers, or at least registered 
under a scheme approved by your laboratory, and they should ali have prior 
experience of using the radioisotopes in question in the laboratory before 
using them underwater.

Amounts and kinds of radioisotopes used must be covered by a government 
Registration Certificate (where appropriate), and final disposal must be at a 
place and in the ways allowed by a Certificate of Authorization for the 
Disposal of Radioactive Waste.
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There are strict laws governing transportation, and packaging of 
radioisotopes whilst in transit, especially in North America and Europe. 
Aiso, make sure that you and your vehicle are insured whilst carrying and 
using radioisotopes.

IO.6.3. Accidental spillage or loss of radioactive samples

Consider the following points carefully:

1. Is there any possibility of spillage, either at the surface or 
underwater, from an unsealed isotope source due to equipment malfunction or 
breakage? Samples are most at risk when being handled at the air-water 
interface, especially on a rocky shore, and aiso in small boats in rough 
weather. If spillage occurs, is there any danger to public water or food 
supplies, or to the environment by localized concentration via the food 
chain?

2. Can the containers with radioactive materials be readily relocated 
and recovered under most weather conditions, to prevent loss of radioisotopes 
on the seabed, or will they stay in place for later recovery without risk of 
displacement or washing ashore? Mark them conspicuously in case this should 
happen.

3. Are the containers so stowed during underwater transportation as to 
allow the diver to jettison them safely for later recovery should 
difficulties arise?

10.6.4. Protection of divers from radiation sources

Experiments using beta-emitting isotopes such as carbon-14, calcium-45, 
and phosphorus-32 are relatively safe. There is little risk to the divers 
from the external radiation itself since water is a good absorber of beta- 
particles, although the stronger emitters such as P-32 may give a large 
radiation dose if contained in a thin-walled vessel held in the hand. The 
sea aiso offers a vast dilution ratio should accidental spillage occur 
underwater. Amounts of radioisotopes should be kept to a minimum - not more 
than a few millicuries in any experiment - and special consideration should 
be given to work in freshwater environments in view of the possible 
subsequent uses of the water. For this reason use the isotope with the 
shortest half-like that is practicable.

No experience has yet been gained using gamma emitters, such as the 
biologically interesting metals, in underwater experiments. However, if 
these are planned, it must be rémembered that water is not a good absorber 
for such radiations and further shielding such as lead will be required 
underwater as well as on land. Divers will aiso require waterproofed safety 
film badges for such work; these can readily be adapted from those used in 
the laboratory.
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10.6.5. Disposal of vasta

Remember that a large amount of water may have to be transported back 
to the laboratory after the experiments, for authorized disposal. Therefore 
take sufficient strong containers and conspicuously labelled packaging for 
this. The same applies to ali solid waste and to other materials such as 
preserved experimental material and samples for analysis.

10.7. Use of acoustic energy

Most acoustic devices, echo-sounders, range-finders, directional 
beacons, etc., radiate so little power as to be completely harmless. 
However, there are acoustic systems used in geophysical research, long-range 
sonar, and military acoustic systems that radiate power at an intensity that 
could be harmful to divers in the water. When divers are likely to be 
working near such systems the Chief Diver/Diving Officer should establish 
contact with the operators of the systems, and ensure that power is not 
radiated during diving.
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SECTION 11. DECOMPRESSION 

11.1 Introduction

In ali institutions where scientific diving is conducted, there should 
be a recommended set of decompression tables, approved by the diving officer 
or the Diving Control Board, which are compatible with national legislation. 
Ali the tables mentioned specifically in this section are acceptable, but the 
list is not exhaustive. There are other tables, some of which may bo 
mandatory in some countries. In this chapter the most commonly used tables 
are compared for some of their characteristics, with particular reference to 
the tables generated in the USA and Britain. It is assumed that the Diving 
Officer has standard diving manuals and published decompression tables, and 
information on the conduct of decompression dives. This chapter outlines the 
present state of knowledge with regard to decompression diving shallower than 
50 meters, and is intended to help divers to use decompression procedures in 
the most intelligent way. This section should be read in addition to 
standard diving manuals, not as a substitute.

It would appear at first sight a simple matter to detail the variables 
involved in the decompression phase of a dive and give firm advice about 
decompression procedures. However, the development of non-invasive methods 
for the detection of gas phase separation within the body, has greatly 
increased our awareness of the complexity of decompression. Unfortunately, 
it aiso indicates that a good deal of the confident advice given in the past 
can now be seen to be misguided. Perhaps the best example of this is the 
detection of bubbles, and even outright decompression sickness, after 
repeated breath-hold dives (Paulev, 1965). It is essential for everyone 
involved in diving to be aware of the unpredictability of decompression 
sickness and to recognize that the risk is present in virtually ali diving.

From recent research it is now apparent that: the safety of the final 
decompress ion joi a dive isdeoendent upon theconduct ofthe dive.itself. To
understand the basis of this statement, it is necessary to study briefly the 
stages of a dive.

11.2 The compression phase

As a descent is made, the increased partial pressures of the components 
of the breathing gas, that is, with compressed air, oxygen and nitrogen, 
result in more of both gases dissolving in lung tissue and being transferred 
to the blood. The dissolved ga&<»s are then transported by the blood to the 
body tissues, where they will increase the dissolved gas content or tension. 
The amount that will dissolve, that is, the dose of nitrogen per unit volume 
of tissue, will depend not only upon the time at depth, but aiso upon a 
considerable number of other variables, including the level of exercise 
during the dive. Exercise increases cardiac output and reduces circulation 
time. Tissues, of course, have widely differing levels of blood flow and 
even within a given area of a single tissue, the blood flow may not be 
constant. The tissues, themselves, are not homogeneous and may contain zones 
of differing fat content and therefore differing gas solubilities.
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Whon Haldane (1907) calculated hls original air tables, ho allowed for 
the uptake of gaaoe in five different tisuuos, by a series of exponential 
curves, He assumed that tho release of gas during decompression followed the 
same profiles. In other words the uptake and off-gassing of a tissue would 
be symmetrical, His calculations aiso assumed that a degree of tissue gea 
supersaturation could be allowed on decompression, without the formation of 
gas phasa, based upon a "no-stop" decompression depth. Haldane and co
workers established this depth for compressed air, from a rather small number 
of exposures, as being 42 feet (about 13 meters) of soa water. When the 
partial pressure of oxygon is subtracted from this absolute pressure, the 
nitrogen partial pressure is 2 ATA. It was therefore argued that if, during 
decompression, the tissue superseturation did not exceed a value twice the 
absolute pressure, then no rymptoms would arise. Unfortunately, this 
argument was later amended to the two to one decompression ratio not being 
associated with any release of gas from solution (Haldane, 1922).

Two observations now indicate that the method Is flawed and, in 
fairness to Haldane, a study of the original papers shows that he was aware 
of the limitations of this approach. They are, firstly, the detection of gas 
by ultrasound during decompression after exposures well within the 'no-stop' 
decompression limits (Eckenhoff et al. 1986), and secondly, the demonstration 
of intermittent blood flow within tissues. The separation of gas from 
solution prevents the accurate computation of gas transfer by the Haldattian 
method, which, of course, must assume that the gas is ali in solution. This 
phase separation ensures that the rate of gas elimination will always be 
slower than the rate of uptake. Intermittent perfusion of tissue, that is 
the sequencing of blood flow, is common in many tissues, but now has been 
found to occur in connective (including muscle) tissue (Hills, 1979), which 
is the tissue most likely to be involved in the pain of simple decompression 
sickness.

Until this information became available, it seemed logical that 
minimizing the time at maximum depth, and therefore reducing the 'dose' of 
nitrogen (determined by the product of the partial pressure of nitrogen and a 
function of time), would minimize the risk of decompression sickness. 
However, this can be seen to be only partly true, because, if there are a 
number of significant ascents from the maximum depth during the dive, gas 
phase will be present before the final decompression. The risk of 
decompression sickness will then be much greater.

It must always be remembered that, for ethical reasons, the end-point 
in titrating decompression tables has been joint pain, that is ’Type 1' 
decompression sickness. However, Hills (1971) has shown than in deep, short 
duration air dives, serious decompression sickness may develop in the absence 
of joint pain.
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11.3. The décomptébbIon phase

A significant: ascent Is one that exceeds the upward excursion allowed 
by the partial pressure vacancy created by the metabolic usage of oxygen. 
This effect, termed the 'oxygen window' by Momsen and Behnke (1938), occurs 
because the fall In the tissue gas tension of oxygen Is not accompanied by an 
equivalent rise In the carbon dioxide tension.

The gas tension values for air expressed In millimeters of mercury (mm) 
at normal atmospheric pressure (1ATA) are:

Table 11-1. Arterial and venal aas tension values
IN ARTERIAL BLOOD;

Pm°2 ■i loo
(Pm - Arterial gas tension) pmc°2 - 40

PmN2 ■■ 573
PmH2° ■a 47

Total arterial cas tension - __7_6.0 nun He,.
IN VENOUS BLOOD;

pv°2 _ 40
(Pv - Venous gas tension) Pvco2 Mi 45

pvN2 - 537
pvH20 - 47

Total venous gas tension------------------------------------------------- - 705 mm He. .

The difference, 55 mm Hg at 1ATA, has been termed the 'Inherent 
unsaturation' by Hills and LeMessurler (1967), and they have demonstrated the 
effjet experimentally. As the partial pressure of the oxygen In the respired 
gas is Increased, up to an as yet undetermined point, the inherent 
unsaturation is aiso increased. For example, at 50 meters breathing 
compressed air, the partial pressure of oxygen is about 1.2 ATA and the 
calculated undersaturation is 723 mm Hg. This means that an upward excursion 
of almost IO meters is possible without the risk of gas separation. Any 
further ascent will be accompanied by supersaturation and some gas phase 
separation. However, this does not mean that the diver will develop 
decompression sickness. A diver who has gas in a critical tissue, like the 
spinal cord cord causing paraplegia, may have less gas separated from 
solution than a diver who has no symptoms. In other words, the absolute 
amount of gas separated from solution may be relatively unimportant, and a 
comparitively small amount of gas in a vulnerable site is capable of 
producing dramatic and permanent disability.

11.4. Standard air decompression

Decompression tables are based on general principles, modified and 
developed by experience. The only proof of the worth of a procedure is the 
accumulation of actual diving experience. It is most important that proven 
procedures are used. As military diving has been a major force in the 
development of tables, a great deal of data on their performance has been 
undertaken. In the present chapter comments have been directed to the United 
States Navy and Royal Navy tables, but it must be remembered that the French.
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Ministère du Travail. (1977) Tables are aiso widely used. It must be accepted 
that risk acceptance in military procedures may differ from that regarded as 
acceptable in civilian life. The following general principles will help to 
minimize the risk of decompression sickness, but it must be accepted that, 
for most dives, it is not possible to make a bubble-free ascent in any 
reasonable time scale. Wherever possible dives should be planned within the 
'no-stop' decompression limits.

1. Bottom time must be logged from the start of the descent to the 
beginning of the ascent and the bottom depth is the maximum depth of the 
dive.

2. When planning a dive involving work at widely different levels, it 
should be programmed to start shallow and work downwards. This will slightly 
increase the nitrogen uptake, but prevents the separation of gas from 
solution, before the final ascent.

3. If upward ascents must be made during the bottom time, they should 
be limited, whenever possible, by the decompression allowable within the 
inherent unsaturation.

4. The time at the first stop is reckoned from the beginning of the 
ascent to the beginning of the ascent to the second stop.

5. The time at the second and subsequent stops is reckoned from the 
start of the ascent from the previous stop to the start of the ascent to the 
next stop.

6. The stopage depths must be as accurate as possible. If there is an 
underwater structure, then the depths can be marked. If a shot line is used, 
it must be correctly weighted and accurately marked with a measurement at the 
diver's chest. Caro must be taken to allow for any deviation from the 
vertical.

7. Many tables do not allow for hard work. When a dive is strenuous, 
decompress for the next bottom time entry in the tables. 8

8. The ascent rates used in tables are important and undoubtedly have 
contributed to the success of a given procedure. The recommended rates of 
ascent must be used. They depend to some extent on the tables being used:
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Table 11-2. Diving table ascent rates. Ali rates of ascent are for sea 
water. Detailed instructions are fotind in table procedures for dealing with 
deviations from the recommended rates of ascent. __ .

a. U.S. Navy 60 feet per minute
b. RN Air Table BR 2806 Table II 20 meters per minute
c. RNPL/BSAC Air Diving Decompression

Table 1975 15 meters per minute
d. RNPL Metric Air Diving Table 1976 15 meters per minute
e. French, Ministère du Travail, 1977 15 meters per minute
f. Canadian Forces Air Diving Tables

Tablees and Procedures, 1986 60±10 feet per minute

These rates are to be used from the end of the dive and aiso for ascents 
between stops.

■ 9. The maximum depth, when compressed air is being used, should be 
limited to 50 meters, but there are variations in national legislation that 
may further limit depth.

Notas on the above. The requirement to log the pressure exposure 
profile of the diver is important. The maximum depth must be recorded, and 
the time of start of the ascent. If microprocessor instruments are being 
used that predict the optimum dive profile, but do not record the actual 
dive, then the dives should be logged and recorded in the diver's personal 
log book. Recommendation (2) above introduces concepts that are the opposite 
of those used in electronic decompression computérs presently available. 
These computers are based on equations that do not allow for gas phase 
separation caused by shallow ascents proceeding the finni decompression. For 
an irregular profile dive, they therefore compute the minimum total 
decompression time for a diva that has the deepest part first, followed by a 
gradual ascent (6.2.19; 10.8). Physiological data indicate that 
Recommendation (2) above is the safer procedure. Recommendations (4, 5 and 
6) require adherence to a known decompression profile, with the result that 
the diver's final exposure both during gas up-take and gas release is known 
and recorded. Decompression computers presently available do not record 
these data, and therefore there is no check on the diver's true nitrogen 
loading. •

11.5. Diving in remote areas

In remote areas dives requiring decompression stops should' not be 
attempted. In exceptional circumstances, where such a decompression dive is 
planned, special arrangements should be made. Planning must include 
arrangements for transportation and for conveying a decompression casualty to

161



a compression chamber. It must be emphasized that pulmonary barotrauma with 
gas embolism is an ever-present risk, especially with inexperienced divers.

Flight in some pressurized or unpressurized aircraft may exacerbate 
decompression illness.

■Tablell-3.—Dive_charaeter_and Comoro sa ionchamber_reguiremen.t8V f. ■■Fiht.Y! V-iWfc.fty,

Max. operating 
depth of dive

Operational Conditions Type of Compression
Chamber

(Minimum requirement)

1. 0-10m Ali None - but divers 
must be aware of the 

nearest chamber.

2. IO-50m Short duration dives, 
stops unlikely to 
exceed 20 minutes.

Within 2 hours' 
travelling time of a 
two compartment

chamber BIBS* O2.

3. IO-50m Stops regularly being 
used.

Two compartment 
chamber on site.

BIBS* 02.

4. Surface 
decompression

Ali Two compartment 
chamber on site.

BIBS* 02.

* Indicates a Built-in-Breathine Svstem* .

11.6. Post-dive precautions

A diver who has carried out a dive where stops have been used to depths 
of 50 nieters (approximately 165 feet) should remain within one hour's 
travelling time of a working compression chamber for 12 hours after 
completion of the dive. . '

It is advisable that divers in post-decompression periods should carry 
a card, giving information that they have dived and who to contact in the 
event of illness.

11.7. Decompression tables

Air diving tables are available from many sources both military and 
commercial. The majority are based on the Haldanian calculation method, but 
some now use deeper stoppages employing a more thermodynamic approach. 
Recently an evaluation, of four military tables has been reported (Masurel et 
al. 1986), for an exposure of 50 minutes at 36 meters. It illustrates that 
adding more stoppages may not improve the bubble inhibiting character
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performance of a table. The situation is complicated by the limitations of 
the Doppler system in use, which is only capable of detecting fairly large 
bubbles. The size distribution of the bubbles is a function of the extent of 
supersaturation induced and the amount of gas released, which is time- 
dependent. Finally there is the volume change induced by the expansion 
during the ascent according to Boyle's law (James, 1983). As bubbles formed 
on a variable profile descent may not be resorbed completely at the maximum 
depth, but only compressed, prolonging bubble formation until the end of 
bottom time is important,

When comparing or judging tables it should be borne in mind that no 
table can possibly prevent decompression sickness entirely, and that the 
incidence of bends, and the incidence of different types of bends, may be 
judged to be more or less acceptable depending upon the surface support 
equipment available, and whether the divers are working in a military or 
civilian situation. To say that one set of tables is "safer" than another 
can be a statistical statement of truth, and yet a Diving Officer or Diving 
Control Board may authorize the "less safe" table, taking into account the 
other factors involved. The United States, British, and French tables 
mentioned in this chapter are ali widely used and comments on the • safest 
table for any given exposure are based on statistical data.

The British RNPL/BSAC Air Diving Decompression Tables 1975 are very 
useful and fairly reliable for dives where decompression is less than 31 
minutes, otherwise the full RNPL Metric Air Diving Tables, 1976, are probably 
the safest option.

The U.S. Navy tables are less reliable, particularly on longer and/or 
deeper dives in excess of 35 minutes. • .

11.8. Repetitive diving

A repetitive dive is rather arbitrarily defined as a. second exposure to 
pressure, within a period of 16 hours (12 hours in the U.S. Navy) after 
surfacing from the first dive.

The RNPL Metric Air Diving Tables, 1976, only consider double dives, 
and decompression on the second dive must be carried out for the bottom depth 
of- the deeper of the two dives. Some allowance is made for the surface 
interval between dives; the longer the surface interval, the smaller the 
fraction of the first dive bottom time that has to be added to that of the 
second dive. The resulting sum is used to calculate the decompression 
required on the second dive.

With this system, it is clearly advantageous that the longer dive 
should be done first, since in this way the calculated equivalent bottom 
time, and hence the decompression time, of the second dive, will be 
minimized. On the other hand, if one of the dives is a deep dive and the 
other is a shallow dive, it is more natural to do the deep dive first, 
because decompression for the first dive will be occurring during the second 
shallower dive, but not vice versa. Unfortunately though, a heavy 
decompression penalty must be paid on the second dive using these double dive
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rules, If the first dive Is short and deep, even for large surface Intervals, 
since decompression must still be carried out as for the depth of the deeper 
of the two, Another discontinuity In the use of these double dive rules Is 
that, whilst a second dive to a depth of 9 meters or less Is not considered a 
second dive, à dive to IO meters Is, and a heavy decompression penalty 
accrues If the first dive Is deep or long.

The U.S. Nav.y Tables have been in widespread use, because of the 
convenience of their repeat diva and surface interval credit tables. Safe 
decompression on these tables is possible for some combinations of double 
dives, but in practice it appears that longer and/or deeper and multiple 
dives, using these tables, are unsafe on a statistical basis for dives 
working without the support of an on-site recompression chamber.

The RNPL double dive rules are very safe, but have a number , of 
Inconvenient discontinuities. The U.S, Navy repetitive tables are more 
consistent and permit multiple dives, but are less safe for certain diva 
combinations.

Inevitably In practical diving circumstances arise that carry 
substantial risks, which nevertheless are allowed by the tables; for example:

1. Multiple dives ali within the no-stop limit. As already indicated, 
multiple breath hold dives can give rise to decompression sickness. The 
explanation lies in the redistribution of gas released by the first, or 
subsequent decompressions, in the next dive, that Is the next compression and 
the residual dissolved tissue gas. The redistribution of intravascular 
bubbles through the trap imposed by the lungs may allow central nervous 
system decompression sickness to develop.

2. ' Constant diving or multiple repetitive dives, which again may be 
allowable under the rules of a procedure, cause a slow build up of tissue 
inert gas, both in solution and as gas phase and increase the risk of 
decompression sickness.

3. Long-duration dives, for example up to eight hours at depths down 
to about IO meters, may be undertaken in safety, but again cara must be taken 
to limit the extent and number of upward excursions during the diva. Recent 
research has indicated that, although bubbles were produced after 48 hours 
exposure to 1.77 ATA, (7.77 meters or 25.5 feet sea water) decompression 
sickness did not develop (Eckenhoff et al., 1986), Fifteen subjects were 
used in the experiment. It must be emphasized that when bubbles can be 
detected, there is always the risk of symptoms and that these experiments 
were conducted under ideal conditions. It will be almost inevitable that 
long duration dives will be undertaken using a diving system or habitat 
(7.4). In'such circumstances modest extensions of the no-stop decompression 
limits may be made using oxygen enrichment. However, oxygen toxicity 
restricts long term exposures to partial pressures of oxygen less than 0.5 
ATA. Decompression may be assisted by oxygen breathing during the final 
ascent to the surface.
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11.9. Surface decompression

This procedure derives from military diving, where heavy salvage work 
In very cold conditions required the diver to be removed from the water. The 
technique causes an unacceptably high rate of decompression sickness 
affecting the nervous system and should be avoided wherever possible. If 
circumstances dictate the use of surface decompression, the British R.N. 
Tables are safer than those of the U.S. Navy.

11.10. Diving and altitude .

Travel to altitudes in exc.ess of 1000 feet whether by surface transport 
or aircraft should be avoided for 12 hours post dive. Exercise to the same 
altitude should be avoided for 24 hours. Diving at altitude is a complex 
matter but again experience of tables has accumulated in certain countries, 
like Switzerland, over a period of years and these tables should be consulted 
for guidance (8.2.1).

11.11. Exercise post-dive

It is well established that exercise releases gas into the circulation 
following a dive and whenever gas is present there is a risk of decompression 
sickness. This would indicate that passive transport, for example, a car or 
bus, carries less risk than a strenuous walk.

11.12. Helium and oxygen mixture diving

Helium is less soluble in the body than nitrogen, so for a given dive 
* using an 80% helium, 20% oxygen mixture, compared to the same dive using 

compressed air, the body will contain much less helium than nitrogen. This 
is particularly important in relation to the nervous system, because most of 
the difference in the lesser quantity of helium is accounted for by the much 
lower solubility of the helium in fat. The nervous system, especially the 
spinal cord contains a great deal of structural fat. Helium and oxygen 
diving is much less likely to give rise to decompression sickness involving 
the nervous system (Behnke and Yarbrough, 1938; James, 1981).

11.13. Decompression Sickness

The risk of decompression sickness can be minimized, but not eliminated 
by observing the following principes: 1

1. Ali significant reductions in pressure form gas phase, it is not 
practical to ascend so slowly that gas phase does not form.
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2. The greater the reduction in pressure, the larger the amount of gas 
likely to separate from solution.

3. The risk of problems, that Is, both decompression sickness and 
barotrauma, Increases closer to the surface.

4. Decompression tables control the development of symptoms, not 
necessarily the release of gas.

5. Decompression sickness may develop, even when procedures are 
followed correctly.

6. No method Is available to predict which diver will develop 
symptoms.

7. Serious symptoms may be much less dramatic In onset than simple 
decompression sickness.

8. It may not be possible to determine, In the presence or serious 
symptoms, whether the diver has embolism or decompression sickness.

11.13.1. Glassification of decompression sickness

The classical division of decompression sickness Into simple (Type 1) 
and serious (Type 2), originates from-the Admiralty report on compressed air 
Illness of 1907 (Haldane, 1907). It Is Important to recognize that types 1 
and 2 do not Indicate a progression. There are very adequate reasons for 
regarding the mechanisms as distinct.

11.13.1.1. Simpla decompression sickness: Type 1

Fain at the site of a joint and skin rashes. The pain Is localized at 
the site and the diver Is usually able to point to the Specific area. It has 
been found In aviation studies that the local pressure from a blood pressure 
cuff could relieve the discomfort, If It was used Immediately. Additional 
evidence from X-ray studies In aviators (Webb, et al., 1944) and In animal 
experiments (James, 1982) have confirmed that gas In tight connective tissue 
Is responsible for the pain.

Pain In other sites Is much more likely to be referred pain from 
serious problems In the nervous system. For example, low back pain 
associated with girdle discomfort, In a band extending round the body, or 
pain In the mid-thigh position.

Skin rashes are due to the blockage of capillaries and lymphaie by 
bubbles and the release of substances that cause the redness and itch to 
develop. Experience Indicates that rashes may be accompanied by nervous 
system decompression sickness.
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11.13.1.2. Serious decompression sickness: Type 2

Acute respiratory distress, the 'chokes', is due to the entrapment of 
bubbles in the lung and correlates with the bubble count in the pulmonary 
artery detected by Doppler ultrasound. Severe forms are usually associated 
with a gross omission of decompression and may lead to sudden death. Milder 
forms often subside without treatment, but this is no reason not to institute 
therapy. Abnormal fatigue is often present when the lungs are trapping an 
excessive number of bubbles. Very often respiratory symptoms are followed by 
the development of neurological decompression sickness.

The presentation of neurological decompression sickness can involve any 
nerve function. Because of the need for immediate treatment, it is essential 
that symptoms involving the nervous system are recognized and urgent advice 
sought. The presentations can include loss of consciousness, headache, 
dizziness, vertigo, loss of hearing, disturbances in vision, weakness, 
paralysis and loss or disturbances of sensation.

Events leading to neurological decompression sickness are 
controversial, but evidence is emerging to support arterial bubbles, related 
to the failure of pulmonary entrapment, as the mechanism. The additional 
risk associated with air diving is likely to be due to the augmentation of 
bubbles lodging in a tissue with a high nitrogen content. A major problem 
for the arterial hypothesis has been the apparent absence of a non-diving 
related nervous system disease associated with microembolism, resulting from 
failure of pulmonary entrapment. However, there is now substantial evidence 
indicating that multiple sclerosis is due to this form of microembolism 
(James, 1982). Most cases of spinal cord decompression sicknuss will have 
experienced symptoms referable to the brain. Many of the presentations of 
decompression sickness, said to be related to the inner ear apparatus, are 
actually due to problems in either the brain stem or cerebellum. 
Occasionally symptoms due to brain damage involving cranial nerve pathways 
persist, as for example, in the eye or balance problems (Leippman, 1981). 
Research is beginning to confirm that neuro-psychological deficits occur in 
air divers (Peters et al., 1977).

A major problem with the presentation of neurological decompression 
sickness is that, apart from the onset of paralysis, the signs and symptoms, 
both to the diver and his companions, may be insidious and undramatic. 
Urgent action may appear to be essential when a diver is in severe pain, but 
this form of decompression sickness is * unlikely to be associated with any 
permanent damage. However, if the treatment of severe neurological 
decompression sickness is delayed for more than a few minutes, permanent 
damage may occur (Palmer et al., 1981).

11.14. Therapy in decompression sickness 1

The treatment of decompression sickness is aimed at reducing or 
eliminating the amount of gas that has separated from solution and correcting 
secondary effects like tissue oedema, hypoxia, and shock. It must be 
emphasized that serious decompression sickness is an extreme emergency and 
recompression should be undertaken as soon as possible.
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There are four established elements and one area, which is 
controversial.

11.14.1. Recompression

This is ' the most important measure and should be used as soon as 
possible, because it produces an immediate reduction in the volume of gas 
(Boyle's Law). It aiso creates a concentration gradient for the return of 
gas into solution (Henry's Law). The former is instantaneous, but the latter 
takes time. Using the sama diluent inert gas as the dive, as, for example, 
using air recompression therapy for decompression sickness arising in air 
diving, is not very satisfactory, because the second recompression is 
reloading the body with the offending nitrogen. This is particularly true of 
the 6 ATA (165 feet, 50 meters) recompression air tables, where the partial 
pressure of nitrogen is 4.8 ATA. This has led to the use of pure oxygen or a 
raised partial pressure of oxygen in treatment and the introduction of helium 
and oxygen mixtures in therapy.

11.14.2. Oxygen

Following the work of Behnke and Shaw (1937), and an analysis of the 
failure of the long air tables in the treatment of serious decompression 
sickness, the U.S. Navy introduced the minimal recompression, oxygen 
breathing tables in 1965, known as Tables 5 and 6 (Goodman and Workman, 
1965). By eliminating a diluent 'inert' gas and increasing the inherent 
unsaturation, the use of pure oxygen ensures the maximum gradient for the 
removal of nitrogen. Oxygen relieves localized hypoxia and aiso, by 
vasoconstriction, reduces secondary tissue swelling or oedema. However, the 
absolute pressure used is restricted by oxygen toxicity to 2.8 ATA, and 
oxygen at this level is implicated in other problems, recognized by the 
worsening of symptoms noted in the U.S. Navy Manual. It must aiso be 
remembered that oxygen can contribute to the gas phase.

11.14.3. Helium and oxygen mixtures

Clearly if the 'depth' of the recompression therapy is restricted by 
oxygen toxicity, then it would be useful to add a diluent gas other than 
nitrogen. In commercial diving, helium and oxygen mixtures are generally 
available and are rapidly becoming standard therapy for compressed air 
decompression sickness. Following some experimental work in the early 
1970's, there were fears that helium would amplify a gas phase containing 
nitrogen, but this is now known to be untrue. The procedures of the U.S. 
Navy allow the use of 80% and 20% helium-oxygen mixtures in place of air in 
their treatment tables. However, it is dangerous when the gasses are the 
other way round, that is, air should never be used for the therapy of helium- 
oxygen mixture divers.
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11.14.4. Fluid therapy

It is now known that when the micro-bubbles released by decompression 
are present in blood vessels, they do not act as simple plugs or emboli. The 
bubble causes an increase in the permeability of the blood vessel wall, which 
is related to endotheolial factors. This causes a loss of fluid from the 
circulation, and, under these conditions, red blood cells aggregate, greatly 
increasing the resistance to flow. The effect is rapidly reversed by the 
infusion of fluids into the circulation. Cases of severe decompression 
sickness will always benefit from an intravenous infusion, and the procedure 
is without hazard. Aiso an additional benefit derives from the expansion of 
the circulation by a solution with a relatively low gas content. 
Incidentally, the importance of fluid balance in preventing or alleviating 
decompression sickness is such chat divers should never start a dive in a 
state of dehydration. Drinking plenty of water in the period before dives 
allows fluid balance to be maintained.

11.14.5. Drug therapy

This is a highly complex and controversial area. Only one clear 
recommendation can be made and it is for high-dose steroids, which are of 
value in the reduction of blood vessel permeability.

11.15. Recompression tables

The standard air tables should only be used if oxygen is not available. 
The table of preference for recompression breathing oxygen is U.S. Navy Table 
6 (Appendix 3). The air therapy procedures of the U.S. Navy can aiso be 
employed using a mixture of 80% helium and 20% oxygen. This is a procedure 
recommended for serious symptoms, recurrence of symptoms or when the patient 
has difficulty breathing. Where symptoms are unresolved the patient should, 
whenever possible, be held at depth and specialized advice obtained.

11.16. Therapy in the absence of a recompression chamber

In some instances when diving, for example, in very remote areas, it 
will not be possible to transfer the casualty to a recompression facility. 
The casualty should be given oxygen and fluids, preferably by the intravenous 
route. Apparatus Is now available to deliver oxygen through a demand valve 
and this should become standard equipment for every diving expedition. The 
purge button can allow assisted ventilation, which may be life-saving in 
cases of high spinal cord paralysis. The decision to attempt to evacuate to 
a recompression chamber, depends upon the nature of the problem. A simple 
knee bend or skin rashes do not lead to any permanent damage and will resolve 
without therapy. Some cases of serious decompression sickness resolve 
spontaneously but given the initial presentation it is not possible to 
predict which will resolve and which will not. Every effort should be made 
to obtain recompression therapy for cases involving the nervous system and 
some useful benefit has been obtained after delays of many hours or even 
days.
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SECTION 12. SITUATIONS NOT COVERED BY THIS CODE OF PRACTICE

The main purpose of the present Code Is to provide guidance as to the 
best and safest practice already used, by scientific divers In different 
countries. The advice Is given In a form that should be compatible with 
differing statutory regimes, and for differing environmental conditions. As 
far as possible the' content Is designed to be supplementary to other 
published manuals and safety codes. It Is, of course, Impossible to tabulate 
ali the conditions and combinations of conditions that can arise In diving, 
let alone to anticipate ali the complex technical tasks, which may be 
required of scientific divers in the future. It is therefore extremely 
important that there should be an approved procedure whereby the best 
practice for a new situation can be devised and tested as quickly as 
possible.

Where an institute or project leader finds that the work proposed 
requires divers to operate in conditions and circumstances not envisaged in 
this Code and to depart significantly from it, the Diving Officer, Chief 
Diver, or scientist involved should act as follows:

1. Take into account as far as possible ali the recommendations of 
existing Codes of Practice, including this one.

2. Draft a full set of precise rules for the diving project envisaged, 
stating new training procedures for personnel, new equipment to be used, 
safety precautions, the exact routines and procedures to be used at sea in 
stages of the operation, and in anticipated possible failures, faults or 
accidents.

3. The project rules should be circulated to personnel involved in the 
project.

4. If further consultation and advice is required, the project plan 
and rules should be referred to the Diving Officers at several of the larger 
establishments listed in Appendix 1. Their advice may be of benefit in 
improving the plans, especially if divers can be located who have practical 
experience in the relevant conditions. This is a purely consultative 
arrangement to enable people to benefit from each others' diving experience,

5. If the proposed diving rules involve breach of statutory 
Regulations in the country where diving in to take place, application should 
be made for an exemption to specified clauses of the Regulations. It is 
reasonable for such exemption to be granted, provided that extra safety 
systems are introduced to compensate for the departure from normal 
Regulations. . 6

6. If new project rules for new circumstances or conditions would be 
of general value to other divers, the Diving Officers concerned are requested 
to send their recommendations to the Editors of the present Code for 
inclusion in future editions.
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APPENDIX 1. DIRECTORY OF INSTITUTES WITH DIVING PROGRAMS.
fc '

This list is not meant to be exhaustive. The organizations on this
list are those known to the editors and contributors to operate diving
programs with six or more divers on either a permanent or temporary basis.
See Appendices 4 and 5 for the establishments of contributors and Section
contacts in addition to those shown in this Appendix.

Anti-shark Measures Board, P.0. Box 2, Umhlanga Rocks 4320, South Africa.

Barologia, S.A. Society for Underwater Science, Oceanography Dept. University 
of Cape Town, PB Rondesbosch 7700, South Africa.

Biological Sciences Dept., Heriot-Watt University, Chamber St. Edinburgh, 
Scotland, U.K.

British Antarctic Survey, Madingley Road, Cambridge, CB3 OET, England.

Curator of Marine Archaeology, W.A. Museum, Beaufort St., Perth, Western 
Australia 6000.

Department of Agriculture and Fisheries for Scotland. Marine Laboratory, P.0. 
Box 101, Victoria Road, Aberdeen AB9 8DB, Scotland, U.K.

Dept, of Oceanography, The University, Southampton, Hants. S09 5NH. England.

Dept, of Zoology, University College of Swansea, Singleton Park, Swansea, 
Glam. SA2 8PP. Wales, U.K. .

Diving Division, Defence & Civil Institute of Environmental Medicine, 1133 
Sheppard Ave. West, P.0. Box 2000, Downsview, Ontario M3M 3B9, 
Canada.

Fairleigh Dickinson University, St. Croix, U.S. Virgin Islands

Fisheries Research Division, Ministry of Agriculture & Fisheries, P.0. Box 
19062, 327 Willis St., Wellington, New Zealand.

(The) Flinders University of South Australia, Bedford Park, South Australia 
5042.

Gatty Marine Laboratory, St. Andrew's University, St. Andrews, Fife, 
Scotland, U.K.

Institute of Biology & Geology, University of Tromso, P. 6790, 9001 Tromso, 
Norway.

Institute of Geological Sciences, West Granton Road, Edinburgh 5, Scotland, 
U.K.

Institute of Oceanographic Sciences, 1. Wormley, Godaiming, Surrey. 2. 
Bidston, Bidston Observatory, Birkinhead, Cheshire U.K.
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Institute for kontinentalsokkelundersekelser (Continental Shelf Institute), 
Norway, HAkon Magnussons gt., Fostboks 1883, 7001 Trondheim, 
Norway.

Israel Oceanographic and limnological Institute, P.O. Box 8040 Haifa 31080, 
Isreal.

Istituto per Io Studio do la Dinamica dolio Grandi Massa, Palazzo 
Papadoppolo, 1364 San Polo, Venizia, Italy.

Japan Marine Science and Technology Centre, 2-15 Natsushima-Cho, Yokosuka- 
Shi, 237 Japan.

Laboratório di Geologia Marina del CNR, Via Zamboni 65, 40127 Bologna, Italy.

Lamont-Doherty Geological Observatory of Columbia University, Palisades, New 
York 10964, U.S.A.

Lehrstuhl für Erdölolgeologie, Sedimentologie und Meeresgeologie, Technische 
Universitât Clausthai, Leibnizstrasse IO, 3392 Clausthal- 
Zellerfeld.

MAFF, Fisheries Laboratory, Lowestoft, England.

Marine Biological Asociation U.K., Citadel HUI, Plymouth, Devon, U.K.

Marine Laboratory, Port Erin, laie of Man.

Marine Science Laboratories, Menai Bridge, Anglesey, Wales, U.K.

National Research Institute for Oceanology, P.O. Box 320, Stellenbosch 7600, 
South Africa.

NOAA Environmental Research Laboratories, Atlantic Oceanographic and 
Meteorological Laboratory, Miami, Florida, U.S.A.

Oceanographic Research Institute, 2 West Street, Durban 4001, South Africa.

Port Elizabeth Museum, Humewood, Port Elizabeth 6001, South Africa.

Research Diving Unit, Oceanography Department, University of Cape Town, P.O. 
Box Rondebosch 7700, South Africa.

School of Biological Sciences, James Cook University, P.O. Box 999, 
Townsville 4810, Queensland, Australia.

San Diego State University (Department of Zoology) San Diego, California 
92182.

Scripps Institution of Oceanography, La Jolla, California 92037, U.S.A.

Sea Fisheries Institute, P.O. Box X2, Roggebaai 8012, South Africa.

Senckenberg Institut, Schleusenstrasse 39a, 2940 Wilhelmshaven, Germany.
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S.M.B.A. Dunstaffnngo Marino Research Laboratory, P.O. Box 3, Oban, Argyl, 
Scotland, U.K.

South African Museum, Queen Victoria Street, Capo Town 8000, South Africa.

Station Marine d'Endouroe, Rue de la Batterie des Lions, Marseille, 7e, 
France.

Stazione de Biologie Maritima, Riva 7 Martiri, Venezia, Italy,

Tolkai University, Orido, Shimizu-City, Japan 424.

Underwater Technology Group, Dept, of Mechanical Engineering, North East 
London Polytechnic, Longbridge Road, Dagenham, Essex RM8 2AS.

University of Bristol (Dep. of Geography), Bristol, England.

University of British Columbia (Diving Operations Office), 155A Auditorium 
Annex, 1924 West Mali, Vancouver, British Columbia, Canada V6T 
1W9.

University of Durham, Dept, of Botany, Science Laboratories, South Road, 
Durham DH1 3LE.

University of Miami, School of Marine and Atmospheric Sciences, IO 
Rickenbacker Causeway, Miami, Florida 33149 U.S.A.

University of Rhode Island, Narragansett, Rhode Island 02882, U.S.A.

University of Port Elizabeth, Zoology Department, P.O. Box 1600, Port 
Elizabeth 1600, South Africa.

University of Natal,' Zoology Department, Durban 4001, South Africa.

Woods Hole Oceanographic Institution, Woods Hole,Massachusetts 02543, U.S.A.
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APPENDIX 2. REFERENCES AND SELECTED BIBLIOGRAPHY.

Some of these references Include editors notes and contact addresses of some 
of the less widely available books and pamphlets,

Adolfson, J.A. & Berghage, T. 1974. Perception and Performance Underwater. 
John Wiley, New York 47100900 8.

Allsopp, W. 1985. Fishery Develpment-Experiences Fishing New Books, Farnham, 
Surrey GU9 7HK England, 160pp.

Altman, G. 1978. La Plongée par 1*Image. Fédération Français d'Etudes et de 
Sport3 Sous-Marin. 95pp.

American Academy of Underwater Sciences. 1984. Standards for scientific 
diving certification and operation of scientific diving programs. 
47pp.

Anderson, B.G. 1974. Diving equipment and human performance during undersea 
operations in the High Arctic. In: The Working Diver. Marine 
Technology Society, Columbus, Ohio, 325-340.

Anonymous. No date. Hydrolab operations manual. National undersea research 
program. Fairleigh Dickinson University. St. Croix. U.S. Virgin 
Islands.

Anonymous. 1975. Danger: 'Stingers', Queensland State Center: Queensland
Surf Life Saving Association.

Anonymous. 1979. Workshop on coral trout assessment techniques held at Heron 
Island, 21 April - 4 May 1979. Great Barrier Reef Marine Park 
Authority, Townsville.

Anonymous. 1979. Workshop on reef fish assessment and monitoring held at 
Heron Island, 18-28 November 1978. Great Barrier Reef Marine 
Park Authority, Townsville.

Anonymous. 1985. Cold and the Diver: Prevention. Protection and
Performance. A Bibiiopraphv of Informative,Abstracts. Undersea 
Medical Society, Bethesda, Maryland. USA.

Appendix D, 1983, Divina Safety Manual. Woods Hole Oceanographic Institution. 
Massachussetts, USA.

'Aquazepp' 1971. Descriptive leaflet, Aquazepp Manufacturing Company, 8 
Munich 25, Steinerstrasse 20a, West Germany.

Armada de Chile. 1983. Reglamento 7-54-/4 de buceo para buzos profesionales.

Australian Institute of Marine Science. 1981. Diving emergency procedures 
based on and from Townsville (August). 8pp.

Bachrach, A.J. 1985. Cold stress and the scientific diver. In: Mitchell, C.T.
(Ed). Diving for Science: Proceedings of the Joint International
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Scientific Diving Symposium 1985. Lajolla, California. American 
Academy of Underwater Sciences, 31-37.

Bachrach, A.J. & Egstrom, G.H. 1986. Stress and Performance In Diving. Best 
Publishing Company, San Pedro CA 90732.

Baixe . 1984. La_médecine blue.„oxygène. et pression. France Empire, 168pp.

Barsky, S.M. 1986, Protecting yourself aglanst the hazards of polluted water 
diving. Fire Engineering, May 1986, 44-45.

Bassett, B.E. 1979. Results of validation testing of flying after diving 
schedules. In: Boone, C. (ed). Proceedings of the Eleventh
International Conference on Underwater Education. NAUI, Colton, 
CA. U.S.A.

Bassett, B.E. & Christopherson, S.K. 1974. Calculation of Non-Standard 
Decompression Schedules. Project of Biology 580L. University of 
Southern California.

Behnke, A.R. & Shaw, L.A. 1937. The use of oxygen in the treatment of 
compressed-air illness. Navy Medical Bulletin 35, 61-73.

Behnke, A.R. & Yarbrough, O.D. 1938. Physiologic studies of helium. Navy 
Medical Bulletin 36,542-548.

Bennett, P.B. & Elliott, D.H. 1975. The. Phvsiologv and Medicine of Diving and 
Compressed Air Work. Second Edition. Baillaière, Tindall. London. 
7020 0538X.

Bevan, J. 1985. Professional Divers' Handbook. Submex Ltd. London, 304pp.

Blanchard, J., Mair, J. & Morrison, I. (eds). 1980. Proceedings of the sixth 
International Scientific symposium of the World Underwater 
Federation (CMAS). Natural Environment Research Council. 319pp.

Bland, E.L., Donnelly, J.D. & Shumaker, L.A. 1976. Alvin users manual. Woods 
Hole Oceanographic Institution. Technical Memorandum 3-76

Bolton, M.E., 1980. Scuba diving and fetal well-being: a survey of 208 
women. Undersea Biomedical Res. 7, 183-189.

Bourdelet, P. L'anglais tel qu'on le <plonge>. 90pp.

Bright, C.V. 1972. Diving under polar lee. In: The Working, Div.er. Marine 
Technology Society. Columbus, Ohio, 145-157.

British Standards Institution. 1966. Recommendations for the caro and 
maintenance of underwater breathing apparatus. Part 1. Compressed 
air open circuit type. BS 4001. British Standards Institution, 
London.

British Sub-Aqua Club. 1986. Safe Diving Practices. National Diving 
Committee BSAC, Booklet, 17pp.
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British Sub Aqua Club, Annual Diving Incidents Report(s)

Broner, J-M. 1986. Plongée et Législation. UCPA Nlolon, 186pp.

Bühlmann, A.A. Decompression • Decompression Sickness. Best Publishing 
Company.

Bulletin Officiel du Ministère du Travail. 1977. Mesures particulières de 
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France. 235pp.

Burgess, R.F. 1976. The Cave Divers , Dodd, Mead 6e Co. N.Y.
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Busby Associates. 1981. Undersea vehicle directory. Busby Associates Inc., 
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tanks. J. Am. Water Works Assoc. 44-51.

California State University. 1985. Minimal standards for scuba diving 
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Canadian Association for Underwater Science. 1985. Standard of Practice for 
Scientific Diving, 45pp.
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Act, Part II, 18pp.

Cardozo, Y., 1985. Cave Diving Florida Style. Scuba Times 5, 26-29.
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90120899.

176



Cooke, G. 1969. Diver transport vehicles In: Zanelli, L. (ed). Underwater 
Swimming, an Advanced Hand Book. Kaye & Ward, 107-121.

Cordingley, J. (ed). 1987. Cave Diving Group Training Manual. British Cave 
Diving Group. Axeover House, Yarley, Wells, Somerset, BAII 1LR, 
United Kingdom.

Cory, J. 1985. MAUI, International Conference of Underwater Education. 
Proceedings, NAUI.

Craik, G.J.S. 1982. Recreational fishing of the Great Barrier Reef. Proc. 
Fourth Intern. Coral Reef Symposium 1, 47-52.

Cromwell, L. et al. 1973. Biomedical Instrumentation and Measurements. 
Prentice Hall, Englewood Cliffs, New Jersey. 130771317.

Curtis, A.S.G. 1974. Decompression and narcosis. Scottish Sub-Aqua Club. 
N.D.C. Paper 35pp.

Davis, J.C. & Hunt, T.K. (eds). Hyperbaric Oxygen Therapy. Best Publishing 
Co.

Department of Labor. 1982. OSHA is exempting scientific diving from coverage 
of 29 CFR Part 1910, Subpart T, Commercial Diving Operations, 
provided that the scientific diving is under the direction and 
control of a diving program utilizing a diving safety manual and 
a diving control board meeting certain specified criteria. 
Federal Register, 47, no. 228, Friday Nov. 26 1982, Rules and 
Regulations.

De Strobel, F. & Colantoni, P. 1984. Saclantcen code of practice for safe 
scientific diving. Saclant ASW Research Centre Special Report M- 
103, 23pp.

De Strobel, F., Akal, T. & Hastrup, O.F. 1984. Saclantcen's use of scuba 
diving in oceanographic and acoustic research. Saclant ASW 
Research Centre Memorandum SM-175, 17pp.

Dialog Information Services Inc. Maintains a data base 'SCISEARCH' that 
contains thousands of diving references. Available through 
scientific libraries.

Dick, P. & Sisman, D. 1986. Underwater Diving, Vol 1 - Basic Techniques. 
Pelham, London, 144pp.

Dick, P. & Sisman, D. 1987. Underwater Diving, Vol 2 - Advanced Techniques. 
Pelham, London, 160pp.

Diver's Reference Dictionary. 1978. Best Publishing Co. POB CA 90732, USA, 
131pp.

Drew, E.A., Lythgoe, J.N. & Woods, J.D. (eds). 1976. Underwater Research. 
Academic Press, London, 430pp.

177



Done, T.J., Kenchington, R.A. & Zeii, L.D. 1982. Rapid large area, reef 
resource surveys using a manta board. Proc. Fourth Intern. Coral 
Reef Symposium 1, 299-308.

Earli, R. & Erwin, D. 1979. The species recording scheme - results of the 
1977 season. Progress in Underwater Science 4, 105-120.

Eastman, P.F. Advanced First aid afloat. Best Publishing Co.

Eckenhoff, R.G., Osborne, S.F., Parker, J.W. & Bondi, K.R. 1986. Direct 
ascent from shallow air exposures. Undersea Biomedical Research 
13, 305-316.

Edmonds, C. 1975. Dangerous_Marine _Animals__of_ the Indo-Paciflc_Region.
Wedneil Publications, Melbourne. ISBN 0 909 853 48 7, pp. 235.

Edmonds, C., Lowry, C. & Pennefather, J, 1981, Diving and Subaouatic 
Medicine. A Diving Medical Centre Publication. 2nd ed. 571pp.

Elsey, D.R. 1986. Practical aspects of research. In: Proceedings of the 
Second Annual Scientific Diving Symposium. Diving for Science - 
1985. Special Publication. Victoria. Canadian Association of 
Underwater Science.

European Diving Technology Committee. 1977. Guidance Notes for Safe Diving.
Netherlands Industrial Council for Oceanology. P.O. Box 215, 97 
Schoemakerstraat, Delft, Netherlands.

Exley, S. 1979. Using Underwater Cave maps for Safety. National 
Speleological Society Cave Diving Section. Pamphlet.

Exley, S. 1981. Basic „Cave Diving,: A_Blueprint for Survival. NSS-CDS, 
Branford, Florida. 46pp.

Exley, S. & Young, F. 1982. N.S-.-S-. Cave Diving Manual. NSS Cave Diving
Section, Branford, Florida.

Fellis, B.W. 1982. Trace metals in sediments and biota from Strathcona Sound, 
NWT; Nanisivik Marine Monitoring Programme, 1974-1979. Canadian 
Technical Report. Fisheries and Aquatic Science, 1082.

Fane, F.D. 1959. Skin diving in polar waters. Polar Record 9, no. 62, 433
435.

Farr, M. 1980. The Darkness Beckons. Diadem Books, London.

Fielding, M. & Woods, A. Commercial Diving, References and Operations 
Handbook, Best Publishing Co.

Flemming, N.C. & Miles, D.L. (eds). 1979. Underwater Association Code of 
Practice for Scientific Diving. Natural Environment Research 
Council (Great Britain).

178



Flemming, N.C. 1980. Safety procedures and Training for the Scientific Diver 
Technical and Human Aspects of Diving and Diving Safety. Document 
No 3000/80E. Directorate of Health and Safety. Commission of the 
European Communities, Luxembourg, 137-176.

Flemming, N.C. 1981. Training and safety for scientific divers. Divetech '81, 
v. 4. Society for Underwater Technology, London, C. 4, 17-25.

Flemming, N.C. 1984. Divers, submersibles and marine science. Memorial 
University of Newfoundland. Occasional papers in biology, 118pp.

Flemming, N.C. 1985. Law, scientific diving, and Codes of Practice in 
different countries. In: Mitchell, C. (ed). Diving for Science 
1985. Proceedings of the joint international scientific diving 
symposium, AAUS-CMAS, La Jolla, California, 1-30.

Flemming, N.C. (ed). 1973. Science Diving International. Proceedings of the 
3rd Symposium of the Scientific Committee of the CMAS. British 
Sub-Aqua Club Special Publication, 282pp.

Forma, M.A. Bulletin de la revue d'Etudes Ligures consacrée à l'archéologie 
sous-marine en Méditerranée (12 issues) de 1958 to 1982.

Freitag, M. & Woods, A. 1983. Commercial diving reference and operations 
handbook. John Wiley and Sons, 414pp.

Fructus, X. & Selari! . 1986. La plongé santé sécurité. EMOM réédition. 
Fédération Français d'Etudes et de Sports Sous-Marin. 320pp.

Gamba, R. 1972. International Divine Manual_;_Underwater.Speleology. C.M.A.S. 
Paris, France.

Gamble, J.C. & George, J.D. (eds). 1978. Pro ere s s_in Underwatar_S-C ience __4 
(New Series). Report of the Underwater Association. Pentech 
Press, 207pp.

Gamble, J.C. & Shand, J. (eds). 1983. Progress in Underwater Science 9. 
Report of the Underwater Association, 124pp.

George, J.D., Lythgoe, G.I. & Lythgoe, J.N. 1985. Underwater photographyand 
television for scientists. Underwater Association Special Volumes 
No. 2. Clarendon Press, London, c. 300pp.

Gerrard, S. 1984. Teaching the NAUI Cave and Cavern Diving Specialty Course 
Pt. 1 NDA News, Aug. 26-28.

Gerrard, S. 1984. Teaching the NAUI Cave and Cavern Diving Specialty Course 
Pt. 2, NDA News, Sept. 24-26.

Godden, D.R. & Baddeley, A.D. 1975. Context dependent memory in two natural 
environments: on land and underwater. British Journal of
Psychology 66, 325-333.

179



Goodman, M.W. & Workman, R.D. 1965. Minimai recompretsion oxygen breathing 
approach to the treatment of decompression sickness In divers and 
aviators. U.S. Navy E.D.U. Research Report 5-65.

Grice, G.D. & Reeve, M.R. (Eds). 1982. Marlne_Me.socosms. Biological and 
-Chemical-Research. In Experimental-Ecosmtems.- Springer-Verlag, 
New York. 430pp.

Grier, C. 1983. Development of an Underwater Vehicle to support Scientific 
Diving. J. Soc. for Underwater Technology. 9, 4, 4-9.

Grigg, R.W. 1973. Fire under the sea. Oceans Magazine 7(2), 6-11.

Grover, D. 1976. A Decompression Table Procedure for Multi-level Diving. In:
Fead, L. (ed). Proceedings of the eigth International Conference 
on Underwater Education. NAUI. Colton, CA, U.S.A.

Haigh, K.R. 1975. Utilization of electrical power by divers. Trans. Inst. 
Marine Eng. 87, 133-142

Haldane, J.S. 1907. In: Admiralty report of a committee on deep-water diving. 
H.M.S.O. London.

Haldane, J.S. 1922. Effects of high atmospheric pressures. Chapter XII, 
Respiration. Yale University Press.

Halstead, B.W. 1976. Hazardous Marine Life. In: Strauss, R. (ed). Diving 
Medicine. Grune and Stratton, New York, 227-256.

Halstead, B.W. 1980. Dangerous Marine Animals that bite, sting, and shock or 
are non-edible (Second Edition). Cornell Maritime Press.
Centreville, Maryland, USA, 208pp.

Hamner, W.M. 1975. Underwater observations of blue-water plankton:
logistics, techniques and safety procedures for divers at sea. 
Limnol. Oceanogr. 20, 1045-1051.

Hartley, W.G. 1975. Electrical fishing apparatus and its safety. Fisheries 
Management 6, 73-77.

Hackett, P. 1980. Mountain Sickness: Prevention, Recognition and Treatment. 
American Alpine Club.

Haux, G. 1969. Tauchtechnik, Bd. 1, Berlin, Springer Verlag, 269pp.

Haux, G. 1970. Tauchtechnik, Bd. 2, Berlin, Sprinver Verlag, 288pp.

Haux, G. 1982. Subsea Manned. Engineering. Best Publishing Co.

Heine, J.N. 1985. Scientific Blue Water Diving. In: Proceedings of AAUS-CMAS 
joint meeting at La Jolla, California 1985. 54-88.

180



Hennessey, T.R. 1977. Converting standard air decompression tables for no
stop diving from altitude or habitat. Undersea Biomedical 
Research, 4, 39-53.

Hicks, J.W. & Hollien, H. 1983. Diver Navigation by Sound. Sea Technology, 
March, 37-45.

Hills, B.A. 1971. Decompression sickness: a fundamental study of surface 
excursion diving and the selection of limb bends versus C.N.S. 
symptoms. Aerospace Medicine 42, 833-836.

Hills, B.A. 1979. Intermittent flow in tendon capillary bundles. Journal of 
Applied Physiology 46, 696-702.

Hills, B.A. & LeMessurier, D.H. 1967. Unsaturation in living tissue relative 
to the pressure and composition of inhaled gas and its 
significance in decompression theory. Clinical Science 36, 185
195.

Hiscock, K. & Baume, A.D. (eds). 1976. Progress_in Underwater Science. 2 (New 
Series). Report of the Underwater Association. Pentech Press, 
134pp.

Horner, R.A. & Schrader, G.C. 1982. Relative contributions of ice algae, 
phytoplankton, and benthic microalgae to primary production in 
nearshore regions of the Beaufort Sea. Arctic. 35, 485-503.

Hydrolab Operations Staff, 1984. Operations Manual. NOAA's National Undersea 
Research Program at West Indies Laboratory, Fairleigh Dickinson 
University, St. Croix, U.S. Virgin Islands

Immel Publishing. Books on Marine Life. Ely House, 37 Dover Street, London 
W1X 3RB, (tel. 01 4091343)

Israël, M. ( ). Problèmes de Plongée. Fédération Français d'Etudes et de 
Sports Sous-Marins. 319pp.

James, P.B. 1981. Problem areas in the therapy of neurological decompression 
sickness. In: James, P.B, McCallum, R.I. & Rawlins, J.S.P.
Proceedings VII Annual Congress of the European Undersea
Biomedical Society. Cambridge, Norwich Union, 127.

James, P.B. 1982. Evidence for subacute fat embolism as the cause of multiple 
sclerosis. Lancet i, 380-386.

James, P.B. 1983. The size distribution of gas emboli arising during 
decompression. In: Proceedings XIII Annual Congress of the
European Undersea Biomedical Society. Lübeck Dragerwerk, 481.

Jenkins, W.T. 1976. A Guide to Polar Diving. (AD-A030067) Office of Naval 
Research, Arlington, Virginia, USA.

Journal of Hyperbaric Medicine.

181



Keith, D.H. & Frey, D.A. 1979. Saturation diving in nautical archaeology. 
Archaeology 32, no. 4, 24-34.

Kellogg, W.N. 1961. Porpoises and Sonar. University of Chicago Press, 
Chicago.

Kindwall, E.P., Hart, G. & Jacobson, J. 1987. Proceedings of the Eigth 
International Congress on Hyperbaric Medicine. Best Publishing 
Company, P.O. Box 1987, San Pedro, California 90732, U.S.A.

Leach, J.W.P. 1982. Diver performance on measurement tasks in restricted and 
zero visibility. Prog. Underwater Sei. 7, 47-51.

Lo Guin, F. 1986. Les Scaphandriers du Desert, 350pp.

Lewis, I. & Stace, P. 1980. Cave divine in Australia. Cave Diving Association 
of Australia, P.O. Box 290, Adelaide, Australia, 175pp.

Lleppman, M.E. 1981. Accomodative and convergence insufficiency after 
decompression sickness. Archives Ophthalmology 99, 453-456.

Luria, S.M., Kinney, J.A. & Weissman 1967. Estimate of size and distance 
underwater. American Journal or Psychology 80, 282-286.

Maclnnis, J.B. 1972. Arctic diving and the problems of performance. In:
Sypmposium Proceedings. The Working Diver. Marine Technology 
Society. Columbus, Ohio, 159-172.

Maclnnis, J.B. 1974. Arctic diving operations. Results of five expeditions.
In: Symposium Proceedings. The Working Diver. Marine Technology 
Society. Columbus, Ohio, 7-28.

Main, J. & Sangster, G.I. 1976. The Aberdeen gear diving techniques. ICES, 
CM 1976, Document B:20, 9pp.

Main, J. & Sangster, G.I. 1978. A new method for observing fishing gear
using a towed net submersible. Progress in Underwater Science 
(NS) 3, 259-267.

Main, J. & Sangster, G.I. 1981. A study of the fish capture process in a
bottom trawl by direct observation from a towed underwater 
vehicle. Scot. Fish. Res. Rep. 23, 24pp.

Main, J. & Sangster, G.I. 1982. A study of a multi-level bottom trawl for
species separation using direct observation techniques. Scot. 
Fish. Res. Rep. 26, 17 pp.

Main, J. & Sangster, G.I. 1983. TUV-II. A towed wet submersible for use in 
fishing gear research. Scot. Fish. Res.-Rep. 29 19pp.

Main, J. & Sangster, G.I. 1984. Observations on the reactions of fish to
fishing gear using a towed net submersible and unterwater TV. 
Progress iii Underwater Science (N9), 9, 99-114.

182



Main, J. & Sangster, G.I. 1985. Trawling experiments using a 2-level not 
with a view to minimizing the undersized gadoid by-catch in a 
Nephrops fishery. Fisheries Research 3, 131-145.

Masters, P.M. & Flemming, N.C. (eds). 1983. Quaternary -coas11 lnea_and.jnar.lnfl 
archaeology. Academic Press, London and New York, 319pp.

Masurel, G., Guillemi, R. & Marblé, G. 1985. Comparitive study of the effects 
of four different decompression profiles on the bubble flow in 
minipigs exposed to the same air dive. In: Susbielle, G. (ed). 
Proceedings X Congress of the European Undersea Biomedical 
Society, 365.

Max, M.D. 1982. Logistics, organization and training of temporary staff on 
short term geological prójects. In: J. Shand & J. Lythgoe (eds). 
Progressa Underwater Scienc_e_._7. 21-26.

Mel'nikov, I.A. 1984. Distribution and behavior of the common species of 
cryopelagic fauna under the drifting Arctic ice. Canadian Transi. 
Fisheries and Aquatic Sciences 5087, 14pp.

Meusy, J.J. 1979. Le _ mo.nde_sous-marin...et_ son—image,.—photo_et .cinéma
subaquatiaue. P. Montel.

McLachlan, A., 1983. Sandy Beach Ecology. In: A. McLachlan & T. Erasmus 
(eds). Sandy Beaches as Ecosystems. Journ. Puhi. the Hague, 280
321,

Miles, S. & MacKay, D.E. 1976. Underwater Medicine. 4th edition. Coles. 
London.

Miller, J.W. & Koblick, I.G. 1984. Living and Working in the Sea. Van 
Nostrand Reinhold Company, New York.

Ministry of Defense (Navy) 1972. Divine Manual BR 2806. HMSO. London. 
117713457.

Mitchell, C.T. (ed). 1985. Diving for Science. . . 85. Proceedings of Joint 
International Scientific Diving Symposium, La Jolla, California, 
USA. American Academy of Underwater Sciences, La Jolla, 330pp.

Mole, G. 1979. Underwater Electrical equipment - some guidance on protection 
against shock. CIRIA Underwater Engineering Group, Report UR14, 
79pp.

Mole, G. 1984. Inherently safe underwater electric power. ERA Technology Ltd. 
Leatherhead (UK). ERATL, Leatherhead, UK 15pp.

Molle ( ) & Philippe ( ). 1985. Enseigner—et _or.ganis_ar—la plongée_sou.5^ 
marine. Amphora, 590pp.

Molle ( ) & Rey ( ). 1984. Plongée —subaquatiqua. (Includes air diving
tables). Fédération Française d'Etudes et de Sports Sous-Marins. 
Amphora, 77pp.

183



Morasen, C.B. & Behnke, A.R. 1938. Report: on helium-oxygen mixtures for 
diving. E.D.U. Report, NY5/S94(132) Washington Navy Yard.

Moore, J.G., Phillips, R.L., Grigg, R.W., Peterson, D.W. & Swanson, D.A.
1973. Lava flows Into the sea, Kilauea Volcano, Hawaii, 1969-71. 
Geological Society of America Bulletin 84, 537-546.

Morgan, E. 1982. The Aquatic Aoe. Stein and Day, New York.

Murphey, M. The overhead Diving envlornment: standards, (contains an 
exhaustive reference list). Mitcheli, C. (ed). Diving for Science 
1985. Proceedings of the joint International scientific wymposlum 
AAUS-CMAS In La Jolla, California.

Murphey, M. 1985. Alternatives to Stage Decompression. In: Gerrard, S. (ed).
The Art of Safe Cave Divine. National Association for Cava 
Diving.

NACD. 1987. The Art of Safe Cave Diving. NACD, P.O. Box 14492, Gainesville, 
Florida 32604, USA.

Narragansett Bay Campus (University of Rhode Island). 1985. Research Diver's 
Manual, Draft.

National Joint Health and Safety Committee for the Water Service 1983.
Safety in electrical fishing operations. Health and safety 
guidelines 6, 32pp.

National Speleological Society Cave Diving Manual. NSS Cave Diving Section.
A variety of pamphlets. Publications Committee. 10259 Crystal 
Springs Road. Jacksonville Florida 32221 U.S.A.

NERC Diving Officers Working Group. 1983. Guidance notes for women divers 
within NERC, pregnancy diving.

Neushal, M. 1961. Diving in Antarctic Waters. Polar Record IO, no 67, 353
357.

NOAA Diving Manual. 1975. [aiso Second Edition, Miller, J.W. (ed).] National 
Oceanic and Atmospheric Administration Manned Undersea Science 
and Technology Office. Superintendant of Documents. U.S. 
Government Printing Office. Washington, D.C. 20402. U.S.A.

Odum, W.T. 1967. Safety Hazards of Wet Swimmers' Delivery Vehicle Operations. 
U.S. Navy MDL, IAAA 4th ann. Meeting, Oct. 1967. 6pp.

Ono, H. & O'Reilly, J.P. 1971. Adaptation to underwater distance distortion 
as a function of different sensory-motor tasks. Human Factors 
13, 135-139.

Palmer, R. 1985. The Blue Holes of the Bahamas. Jonathan Cape Ltd. London.

184



Palmer, A.C., Colder, I.H., McCollum, R.I, & Mastagiio, F.L. 1981. Spinal 
cord degeneration in a cose of "recovered" spinal decompression 
sickness. British Medical Journal 238, 888,

Paulev, P. 1965. Decompression sickness following repeated breath-hold dives. 
Journal of Applied Physiology 20, 1028-1031.

'Pegasus'. 1971. Descriptive leaflet, Rebicoff Underwater Products Ino., 245 
South West St,, Fort Lauderdale, Florida, USA.

Peckhara, V. 1964. Year-round Scuba diving in the Antarctic. Polar Record 12, 
no. 77, 143-146.

Peters, B.H., Levin, H.S. & Kelly, P.J. 1977. Neurologic and psychologic 
manifestations of decompression illness in divers. Neurology 27, 
125-127.

Petroleum Engineering Division of UK Department of Energy and Norwegian 
Petroleum Directorate. 1984. Draft guidelines for minimum 
performance requirements and standard unmanned test procedures 
for underwater breathing apparatus, 20pp.

Platt, H.M. (ed). 1979. Progress in -Underwater Science 5. Report of the 
Underwater Association. Pentech Press, London, 200pp.

Praire, Y. la. 1977. Le nouvel homme et la mer. Menge.

Poulet, G. & Barincour, R. 1985. La Plongée. Fédération Français d'Etudes et
de Sports Sous-Marins. 367pp.

Radioisotopes :
Code of Practice for the Protection of Persons Exposed to
Ionising Radiations in Research and Teaching. (HMSO) Great 
Britain.

Radiological Protection in Universities (obtainable from the 
Association of Commonwealth Universities, 36 Gordon Square, 
London WC1). 1

Code of Practice for the Carriage of Radioactive Materials by 
Roa'* (HMSO) Great Britain.

Rankin, J.H.G., Lanphier, E.N., Stock, M.K. & Anderson, D.F. 1980. Scuba
diving in pregnancy. 7th Symposium on Underwater physiology.

Ray, C. & Lavallee, 0. 1964. Self-contained Diving Operations in Mcmurdo 
Sound, Antarctica: Observations of the Sub-lee Environment of the 
Weddell Seal, Leptonychotes weddelli (Lesson) Zoologica. New 
York. 49:7, 121-136.

Rebicoff,. D. 1968. The Rebicoff-Pegasus Underwater Photographic System 
Evolution. Design Criteria & Typical Applications in 1967. 
Proc. Soc. Photo-Optical Inst. Eng. Underwater Photo-Optical 
Inst. Applications Seminar, San Diego, Calif. Feb. 1968, 91-98.

185



Roosa, IS. 1981. Predation on corals by fiahos of the family Chaetodontidae:
Implications for conservation and management of coral reof 
ocosystems. Bull. Mar. Sei, 31, 594*60

Roports of the U.S.A. National Underwater Accident Center, P.O. Box 68, 
Kingston, Rhode Island, U.S.A.

Roy, L. 1985. Arctic Underwater Operations: Medical and Operational Aspects 
of Diving Activities In Arctic Conditions. In: Proceedings of 
Icedive, 1984. Graham & Trotman Ltd. London.

Rigler, F.H. 1972. Director's review. In: Char Lake Project Annual Report 
1971*1972. Canadian Committee International Biological Program.

Rloux, M. 1987. Bibliography on Diving and Diving Safety for a Scientific 
Diving Program. Document Library, Woods Hole Oceanographic 
Institution, Massachussetts 02543, U.S.A.

Roy, P. (ed). 1982. Bulletin de 1' Institut Océanographique, Monaco. Numéro 
Spécial 3.

Roy, P. 6c Fredj, G. (eds). 1985. Deuxièmes journées d'étude sur la plongée 
scientifique. Bulletin de l'Institut Océanographique, Monaco, 
Numéro Spécial 4, 216pp.

Rutkowski, D. & Ruszala, T. 1980. NOAA Diving Office Test, Evaluation, and 
Training of the Variable-Volume Dry Suit. National Oceanic and 
Atmospheric Administration Diving Office. NOAA Technical Report 
80-1 Rockville, Maryland, USA.

Shaud, J. 6e George, J.D. (eds). 1982. Progress in Underwater Science 8. 
Report of the Underwater Association, 84pp.

Shand, J. (ed). 19b4. Progress in Underwater Science IO. Report of the 
Underwater Association, 164pp.

Sharkey, P. 6e McAniff, J. 1982. Scientific diving fatalities (USA). National 
Underwater Accident Data Center. P.O. Box 68, Kingston, Rhode 
Island 02882, USA.

Sharkey, P. 1985. Narragansett Bay Campus Research Divx ^ Manual. University 
of Rhode Island. Narragansett, Rhode Island 02882, USA.

Shaw, D. 1986. NDC Diving Incidents Report. Diving Officer's conference. 
British Sub-Aqua Club, London, 11pp.

Shilling, C.W., Werts, M.F. 6e Schandelmeier, N.R. (eds). 1976. The Underwater 
Handbook: a guide to physiology and performance for the engineer. 
John Wiley 6c Sons, New York, 912pp.

Short, A.D.& Wright, L.D. 1984. Field methods in wave dominated surf zones 
and nearshore environments. Occasional Papers Memorial

186



University of Newfoundland. Biology Dept. St. Johns,
Newfoundland.

Sisman, D. 1982. The Professional Divers's Handbook. Submex Ltd, London 
306pp.

Smith P.F. (ed). 1984. Underwater Photography: Scientific and Engineering 
Applications [Papers presented at a symposium at Woods Hole, 
Mass., 21-24 April 1980], Van Nostrand Reinhold Co. Ino. New 
York. For Benthos Ino., 422pp.

Smoot, A. & Bontel, C.A. 1971. Development of a shock hazard test procedure 
for underwater swimming pool light fixtures. Underwriters
Electrical Department Bulletin of Research 60. Melville, Long 
Island, New York.

Somers, L.H. Numerous publications in the Diver Education Series of the
Mi.c.higfln-S£fl-<?.r.an$-C.p.ll.9,B9-P.r.p.fi£flni-

Sparks, R. 1984. Scientific Diving Survey Report. Canadian Association for 
Underwater Science.

'Squid'. 1970. Descriptive leaflet, R.R.A. Bratt, North End Works, Millers 
Close, Dorchester, Dorset, England.

Somers, L. 1972. Research Diver's. Manual. University of Michigan Press, Ann 
Arbour Michigan.

Stoddart, D.R. & Johannes, R.E. 1978. Coral Reefs: Research Methods. UNESCO 
Handbook, Paris.

Standards Association of Australia. 1986. Australian Standard for Training 
and Certification of Divers, Part I - Scuba Diving. (Part of a 
series of standards) AS2815. First Committee Draft, October 1986.

Stubbs, J & Roberts, D. 1970. The production of air for breathing from oil- 
lubricated compressors. British Sub Aqua Club Paper 1. London.

Tejada, S. 1985. Safe diving in polluted waters. Environmental Protection 
Agencey (U.S.A.) March 1985, 28-29.

Thiry, J.P. 1985. Techniques de la Plongée Souterraine (in French). Union 
Beige de Speleologie, Commission de Plongée Souterraine, rue 
Royale St-Marie 126, 1030, Bruxelles, Belgium.

Thomas, R. & McKenzie, B. no date. The-D.iverls .Medical—Companion. Diving 
Medical Centre, Royal Australian Navy, Monograph. 184pp.

Thompson, F.E. Diving._-CUttinE_and-welding_in_underwater__salvage_operat.Lons. . 
Cornell Maritime Press Inc. Cambridge, Maryland, USA.

Tibika, B. 1982. Médecine_de_plongé.e.. Masson.

187



liront, J.D. & Orzoch, J.K. 1984. An investigation of marine snow using a U.S.
Navy deep-diving system. In: Divers, submersibles and marine 
science. Memorial University of Newfoundland Occasional Papers in 
Biology 9, 35-44.

UNCLOS, 1983. The Law of the Soa.- Offidai .Text, Croom Helm, and St.
Martin's Press for the United Nations.

UnderseaJVehLolos_Director_v_1985■ Busby Inc., Arlington VA 22202, USA, 504pp.

Underwater Diving Accident Manual, National Diving Accident Network, Duke 
University, Durham, North Carolina, U.S.A.

UNESCO, 1972. L'archéologie subaquatique, une discipline naisante.

UNESCO. 1983. Coral reefs, seagrass beds and mangroves: their interaction in 
the coastal zones of the Caribbean. Report of a workshop held at 
West Indies Laboratory, St. Croix, U.S. Virgin Islands. UNESCO 
reports in marine Science. 23, 131pp.

UNESCO. 1984. Comparing coral reef survey methods. Report of a regional 
UNESCO/UNEP workshop. Phuket Marine Biological Centre, Thailand. 
UNEXCO reports in marine science. 21, 170pp.

U.S. Navy. 1971. Directory of World-Wide Shore-Based Hyperbaric Chambers.
NA7SHIPS 0994-010-4011,4012. U.S. Government Printing Office, 
Washington, D.C. 20402. U.S.A.

U.S. Navy. 1975. U.S. Naw Divine Manual. Superintendant of Documents, 
Washington, D.C.

U.S. Navy. 1982. U.S. Navy Air Decompression Table and Recompression Chamber 
Operator's Handbook. Department of the Navy, Washington, D.C.

U.S. Navy. An evaluation of recompression treatment tables used throught the 
world by government and industry. Naval Medical Research 
Institute. Department of the U.S. Navy. Best Publishing Co.

U.S. Navy. 1985. U.S. Naw_Dlving_Manual—Volume. l :-_Air_Diving. NAVSEA 0994- 
LP-001-9010. Stock No. 008-046-00094-8. U.S. Government 
Printing Office, Washington, D.C. 20402. U.S.A.

Vibert, R. 1967. Fishing with electricity, its application to biology and 
management. FAO Fishing Books Ltd. 276pp.

'Wet Submarine Mk III'. 1970. Descriptive leaflet, Havas Electricité, 16 Rue 
B. Albrecht, Maxine, France.

Walker, P.A. (Ed). 1986. Safety of_ divinijt operations. Graham & Trotman, 
London, 3354pp.

Watanabe, K., Nakajima, Y. & Naito, Y. 1982. Scuba lee Diving along the coast 
of east Ongul Island, Antarctica. Antarctic Report (Tokyo) 75, 
75-92.

188



Wolch, H.E. & Kaiff, J. 1975. Marina metabolism at Resolute Say, MUT. In:
Proceedings Circumpolar Conference on Northern Ecology. National 
research Council of Canada, Section 11, 69-75.

Welch, H.E. Bergmann, M.A. & Burton, W. (In preparation) Sublce drill sucker 
compared with conventional SIPRE cores for measurement of sublce 
algae biomass. Canadian Journal of Fisheries and Aquatic 
Sciences.

Wells, J.M. 1984. Equipment Innovations cut risks for divers In polluted 
waters. Soa Technology, December, 1984.

Williamson, J. 1974. Some Australian Marine Stings and Envenomations.
Queensland State Center: The Surf Life Saving Assoc, of
Australia.

Wolklewlcz, J. 1982. IFUÏPS. Use of decompression schedules for the nitrogen- 
oxygen and the helium-oxygen diver. U.S. Navy experimental diving 
report, 6-65.

Woods, J.D. 1971. Micro-oceanography. In: J.D. Woods & J.N. Lythgoe (eds).
Underwater Science. An Introduction to experiments by divers. 
Oxford Unlv. Press.

'Work Horse'. 1970. Unpublished. The Marine Systems Division, The Plessey Co. 
Ltd., Ilford, Essex, England.

Workman, R.D. 1965. Calculation of Decompression Schedules for the Nltroeen- 
Oxv-gen_and the _Helium-Oxvgen_Diver. U.S. Navy Experimental Diving 
Report, 6-65.

'Work Sub'. 1970. Descriptive leaflet, Marine Exploration Ltd., Marex House, 
High St., Cowes, Isle of Wight, England.

Wright, L.D. & Short, A.D. 1984. Morphodynamics variability of surf zones 
and beaches: A synthesis. Marine Geol. 56, 93-118.

Youngbluth, M.J. 1983. Manned Submersibles and sophisticated intrumentation:
Tools for oceanographic research. Subtech '83. Paper 7.1, 6pp.

Youngbluth, M.J. 1984. Water column ecology: in situ observations of marine 
zooplankton from a manned submersible. In: Divers, submersibles 
and marine science. Memorial University of Newfoundland 
Occasional Papers in Biology 9, 45-57.

Zinkowski, N. 1979. Television - the most ignored of diver aids. Underwater 
Systems Design 1 (5), 33-34.

189



APPENDIX 3: REFERENCES TO DECOMPRESSION TABLES

Boni, M., Schibil, R., Nussberger, P. & Buhlmann, A.A. 1976. Diving at 
diminished atmosphèric pressure: air decompression tables for 
different altitudes. Undersea Biomedical Research, 3, 189-204. 
Undersea Medical Society. Bethesda, Maryland. U.S.A.

BSAC-RNPL. 1987. Metric Decompression Table. BSAC Diving Manual 'Sport 
Diving', 110.

Bulletin Officiel du Ministère du Travail. 1977, Fasicule Special No 74-48- 
bis. Mésures particulières de protéction applicables aux 
scaphandriers. France, 235pp.

Construction Industry Research and Information Association Underwater 
' Engineering Group. 1976. UEG-RNPL Metric Air Diving Tables. 

Report UR7. CIRIA-UEG. 6 Storey's Gate. London. SUI

DCIEM (Canada). 1984. Short Standard Air Decompression Tables (motres).
Defence and Civil Institute of Environmental Medicine. 1133 
Sheppard Ave. W., P.O. Box 2000, Downsview, Ontario, Canada M3M 
3B9.

Ministry of Defense, Navy. 1972. Diving Manual BR2806 HMSO London, 1177 & 
3457.

NOAA Diving Manual. 1975. [aiso Second Edition, Miller, J.W. (ed).] National 
Oceanic and Atmospheric Administration Manned Undersea Science 
and Technology Office. Superintendant of Documents. U.S. 
Government Printing Office. Washington, D.C. 20402. U.S.A.

RNPL Table. See Construction Industry entry.

Standards Association of Australia. Draft Australian Standard A.S. 2815. 
Scuba Air Diving, Commercial and Professional.

U.S. Navy. Standard Air-Decompression Table. Best Bookbinders. 23005 South 
Avalon Boulevard. Garson, California 90745. U.S.A.

U.S. Navy. 1985. U.S. Naw Diving Manual. Volume 1: Air Divine. NAVSEA 0994- 
LP-001-9010. Stock No. 008-046-00094-8. U.S. Government 
Printing Office, Washington, D.C. 20402. U.S.A.

190



Bachrach, A. Naval Medical Research Institute, Betheada, Maryland 20014, 
U.S.A. (8.2.2.).

Brokman, G. Israel Oceanographic Institute, Shlkmona, Haifa, Israel (8,2.16; 
8.2.23.).

Cavaleri, L. CNR, Istltuto per Io Studio de la, Dlnamlca delia, Grandi Masse, 
Palazzo Papadoppolo, 1364 San Polo, Venezia, Italy (8.3.11).

Chapman, J. DAFS, Marina Laboratory, P.O. Box 101, Victoria Road, Aberdeen, 
Scotland, U.K. (8.3.1),

Chlvers, I. R.V.S. NERC, No. 1 Dock, Barry, South Glamorgan, DF6 5UZ, Wales, 
UK (10.4).

Colantonl, P. Instltuto dl Geologla Marina, CNRS Via Zambonl 65, 40121, 
Bologna, Italy (7.7.).

Corry, J.A. National Association for Search and Rescue, Headquarters, P.O. 
Box 50178, Washington D.C. 20004, U.S.A. (6, 7.6.).

Dawson, H. Fresh Water Biological Association, River Laboratory, East Stoke, 
Wareham, Dorset BH20 6BB (8.3.19).

Dinsmore, D. NOAA National Undersea Research Program 601 South College Road, 
Wilmington, North Carolina 28403, U.S.A. (7).

Edwards, A., Dove Marine Laboratory, Callercoats, Tyne & Wear N.E., 30 4PZ, 
U.K. (8.2.6.).

Eldredge, L.G., University of Guam, Marine Laboratory, U0G Station, Mangilao, 
Guam 96913, Mariana Islands. (8.2.5.).

Flemming, N.C. Institute of Oceanographic Sciences, Wormley, Godaiming, 
Surrey, England

Fraelich, R. Miami Seaquarium, 4400 Rickenbacker Causeway, Miami, Florida, 
U.S.A. (8.3.20).

Gamble, J. DAFS, Marine Laboratory, P.0. Box 101, Victoria Road, Aberdeen, 
Scotland, U.K. (8.3.1.)

Grier, C. S.M.B.A. Dunstaffnage Marine Labratory, P.O. Box 3, Oban, Argyll, 
PA34 4AD, Scotland, UK (10.2).

Grigg, R.W. Hawaii Institute of Marine Biology, P.0. Box 1346, Coconut 
Island, Kaneohe, Hawaii 96744, U.S.A. (8.2.28.).

Hecht, A. Israel Oceanographic Institute, Shlkmona, Haifa, Israel (8.2.16.; 
8.2.23.).

APPENDIX 4. ADDRESSES OF CONTRIBUTORS (and SECTION CONTACTS)

191



Ile ino, J. Moss Landing Marine Laboratories, P.0. Box 450, Moss Landing, 
California 95039, U.S.A. (8.2.4.),

James, P.B. Wolfson Institute of Occupational Health, Medical School, 
Ninewells, Dundee DD1 9SY, Scotland, Great Britain (11).

Lana, Michael, NAUI, Dept, of Zoology, San Diego State University, San Diego, 
California 92182, USA. (3, 4).

Leach, J. 43 Pendle Street, Skipton, North Yorkshire BD23 1SN, England 
(6.2.17.; 8.2.9.).

Livingston, Mary, Water and Soil Direrectorate, Ministry of Works and 
Development, Wellington, New Zealand (8.3.8.).

Lockyer, C. Sea Mammals Research Institute, British Antarctic Survey, High 
Cross, Madingly Road, Cambridge CB3 OET, England (4.2.7.)

Luttrell, K.S. Department of Physics, University of Michigan, Ann Arbor, MI 
48109, U.S.A. (8.3.15.).

Madin, L. Woods Hole Oceanographic Institute, Masachussetts 02543, U.S.A.

Maine, J. DAFS, Marine Laboratory, P.0. Box 101, Victoria Road, Aberdeen, 
Scotland, UK (8.3.5.; 10.1.).

Max, M.D. Geological Survey of Ireland, Beggars Bush, Haddington Road, Dublin 
2, Ireland. Now at: Naval Research Laboratory, Aooustics
Division, Washington D.C. 20375, U.S.A.

Melamed, Y. Director, Isreal Oceanographic and Limnological Institute, P.O. 
Box 8040, Haifa 31080, Israel. (11).

Moosleitner, H. Zoologische Institüt der Universltât, Akademiestrasse 26, A 
5020, Salzburg, Austria. (2.2.).

Murphey, M. College off Physical Education, Health & Recreation, University 
of Florida, Gainsville, Florida 32611, U.S.A. (8.2.18.; 8.2.19.).

Ogden, J. West Indies Laboratory, Fairleigh Dickinson University, Teague Bay, 
Christiansted, St. Croix, United States Virgin Islands 00820 
(7.4.).

Palmer, R. Department of Geography, University of Bristol, Bristol, England. 
(8.2.19.)

Peters, R. Institute of Oceanographic Sciences, Brook Road, Wormley, 
Godaiming, Surrey, GU8 5UB, England (8.3.2.).

Poole, F. National Director of Coaching, 7 Tobin Place, Holder, 2611 A.C.T., 
Australia.

Rayner, R. 79 Deansfield, Cricklade, Nr. Swindon, Wiltshire, SN6 6BW, England 
(8.2.5.).

192



Redig, B. Hydra» A.B., Amerikahuset, P.0. Box 4034, S-40040, Göteborg, 
Sweden. (2.2.).

Reed, J.K. Harbour Branch Foundation Ino., Link Port, RR1 Box 196, Fort 
Pierce, Florida, 33450, U.S.A. (7.5.).

Roverud, H. Hana Tanksgate IO, 5000 Bergen, Norway (2.2.; 8.2.2.).

Saenger, P. Northern River College, P.0. Box 157, Lismore, New South Wales 
2480, Australia (8.2.6.)

de Sanctis, V. Via Belaria 50, 51100 Pistoia, Italy. (6.2.19).

Sangster, G.I. DAFS, Marine Laboratory, P.O. Box 101, Victoria Road, 
Aberdeen, Scotand, U.K. (8,3.5.).

Sele, R. Israel Oceanographic & Limnological Institute, Shikmona, Haifa, 
Israel (8.2.16.; 8.2.23.).

Sharkey, P. The University of Rhode Island Graduate School of Oceanography, 
Narragansett Bay Campus, Narragansett, Rhode Island 02882-1197, 
U.S.A. (3, 4.4, 4.5, 4.6, 4.9, 5, 8.2.3, 8.2.4.).

Short, A. Coastal Studies Unit, Department of Geography, University of 
Sydney, Sydney, NSW 2006, Australia (8,2.7.)

Somers, L.H. Michigan Sea Grant College Programme, University of Michigan, 
Ann Arbour, Michigan 48109, U.S.A. (6.).

Sparks, R. University of British Columbia, UBC Diving Operations Office, 155A 
Auditorium Annex, 1924 West Mali, Vancouver, B.C., Canada V6 1W9 
(4).

Stanton, G. Research Diving Cordinator Academic Diving Program, Room IO, 
Montgomery Gym, Florida State University, Talahassee, Florida 
32306, U.S.A. (8.2.3.).

Swanberg, N. Lamont-Doherty Geological Observatory, Columbia University, 
Palisades, New York 10964, U.S.A. (8.2.4.).

Taylor, M.E.V. P.O. Box 12183, Wellington North, New Zealand (8.3.6.).

Townsend, B. Fisheries & Oceans Freshwater Institute, 501 University, 
Winnipeg, Manitoba, Canada R3T 1N6 (8.2.2; 8.2.3.).

Udell, M. Israel Oceanographic and Limnological Institute, Shikmona,Haifa, 
Israel (8.2.16.; 8.2.23.)

Vicente, N. Centre d'Etudes de Resources Animales Marines, (CERAM), Faculté 
des Sciences, St. Jerome, 13013, Marseille, France (8.3.10.).

van Vlimmeren, H. Pr. Mauritslaan 95, 2582 LP Den Haag, the Netherlands.
(2.2.).

193



White, M.

Youngbluth,

Zoutendyk,

British Antarctic Survey, Madingly Rise, Cambridge University, 
Cambridge, England (8,2.14.).

M.J. Harbour Branch Foundation Ino. Link Fort PRI Box 196 Fort 
Pierce, Florida 33450, U.S.A. (8.2.4.).

P. Department of Oceanography, University of Cape Town, Rondebosch 
7700, Cape, South Africa (8,2.10.; 8,2.11.; 8.2.12.; 8.2.15.).

194



APPENDIX 5. SECTION CONTACTS.

Thia list is not meant to be exhaustive. These individuals are those 
known to the editors as having contributed broadly to diving organization and 
the writing of manuals and codes in their countries. The number in brackets 
refers to the section in which the contact has specific expertise within a 
broad area of experience.
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APPENDIX 6. ACCIDENT REPORTING FORMS

Tha following forins ara examples of existing documents prepared for usa 
in the United States and Britain, Thero is no internationally agreed form 
currently in use. Individual Institutes may have their own forms that aro 
based on local practice and logal requirements. The information required for 
medical, Institutional, and possible legal purposes should be no less than 
that asked for in these exomplos.

In case of accident: The accident reporting form that is certified by 
the Diving Control Board under whose auspices the diving is taking place, 
should be completed by witnesses with regard to:

1. Each witness should complete and submit his/her report separately. 
Please mako no attmept to co-ordinate reports.

2. Complete only those sections of which you have knowledge. It is 
not necessary to fill in ali sections.

3. Please be as complete as possible with the knowledge you have.

A. If you have any additional knowledge pertinent to the accident that 
may not easily fit into one of the questions, please indicate this in 
writing.

5. Please indicate position of the victim and condition of ali 
equipment you observed.

6. Do not remove any equipment from the scene of the accident. If it 
is necessary to remove the tank and regulator, please carefully check 
position and type of straps and releases. Close ali the valves and note the 
number of turns necessary to do so.

7. Each person taking any action in a fatal accident should ensure 
that details (in writing) of the action taken accompanies the bodies or 
equipment (as applicable), and that a separate written report of such action 
is compiled. This applies to any and ali action, e.g. unbuckling of a strap, 
turning air on or off, position of reserve valve, removing any item of 
equipment, etc. Each fact is potentially important.

8. It is especially important that ali relevant information accompany 
the victim of a non-fatal accident. This information should be in writing 
and state the coditions of the accident, types of equipment used, depth and 
duration of use, instances of mouth-to-mouth resuscitation and external 
cardiac massage. Information of diet, rest, alcohol, and medications within 
the 24 hours prior to the accident should aiso be included. 9

9. Complete procedures dealing with the reporting of accidents to 
comply with any legal requirements.
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EXAMPLE 1

CASE CODE ___
NATIONAL DIVING ACCIDENT NETWORK 

DUKE UNIVERSITY MEDICAL CENTER TIMID-SI IJ 
INCIDENT-DETAILS.

DATE it TIME OP INCIDENT__________ ________________________________________
oay/mo/yr local um*

LOCATION OP INCIDENT
(body o< watu) ürasrtytalt)

NEAREST CITY OR ISLAND ________________ STATE______________ _______

DIVE PROPILES POR ALL DIVES IN PREVIOUS 2D HRS

DATE TIME DEPTH BOTTOM TIME DECOMPRESSION I

Por OHIe* Um Only

• • • • •

DIVE ACTIVITY (CHECK ALL THAT APPLY)
___Recreational
__ Oceupatienal/Cemmareial
___Unoar Instruction
___Alutus* Dlvlni
__ Research elvini

__ Cava
___Nlglt

„ , Instructini
Wrack

__ Spaarflthlnj

. ntotopaphy 
Ratan alvini

___Club alvini
___Saarcfc/Ratcu*
___Other (Explain)

ENVIRONMENTAL FACTORS
°C Air Tamp __ °P ____ Bottom Typa (Mus, Corai, «c.)

___®C Watar T*mp___ °F Currant Nen*/Mod*rat*/Stren|
Vliibilitv (Ft) Waathar

__ Sur* Entry (Yes/No) __ Kalp Praiant (Y*f/No)
___Wav* Haiÿit (Ft) ____ Entan|l*mant (Y**/No) (Explain Balov)
Wara Thau ar Other Environmental Piet on Contributory to th* Aeeisant? Yaa/No Exolaln

EQUIPMENT USED
___Depth Gau|*
___Watch

Buoyancy Comp
Tools

Wu Equipment a Factor? YES/NO Explain

___Dae am pression Mater
___Tank Praatur* Cauta
_ Wat Suit

Dry Suit

___Scuba
___Hookah
___Surface Supply

Other

ENTRY BUDDY BREATHING
Boat _One ___Air
thiaiarara ___Tended Nltrox

___Other Grota) ___Helios
__Nan* ___Other

I UNDERSTAND THAT THE INFORMATION IN THIS FORM WILL BE USED IN A NATIONAL SCIENTIFIC REGISTRY, 
BUT THAT THE IDENTIFYING INFORMATION WILL BE KEPT CONFIDENTIAL UNLESS I AUTHORIZE 
ITS RELEASE IN WRITING.

SIGNED.
WITNESS
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For Office Um OnlySP EClFICPACTOftS
__ Meur* el Sleep In Iii Hr*. Beiere Dive

Time el Um Meli end SIMI Smell _______ Medina ______ Lee pi ______
__ Time el Lui Alcoholic Drlnh k Ameuni In 24 Hr* Pratii ve ________________l_^___l_
CHECK ALL OP THE FOLLOWING CONDITIONS EXPERIENCED IN THE LAST «I HRS

ktRirla* __ Hen as ver __ Sei SldeMti
___Neueee ___EmeUenal DlMreee ___Heueehei
__ 01 ul niei __ Urania! Exertion ___ Petiti*
Other

NOTE WHICH SYMPTOMS AND THE LENCTH OP TIME AFTER THE DIVE THAT YOU EXPERIENCED YOUR 
SYMPTOMS BELOW.
■T.IMfi.iM’.TER.tM.IHMfl) ■TIME-AILTER.DIVEJHeur*)

Pern. Where _ Nausea
_ , Pain, Where ___ __ Dlay e • eo

Pelii. Where _ _ Uchina e •
Numkneu. Wham _____ Aena*
Numbness. Where __ Paini * eoa
Numbneu. Where _ Heedeehe e e

__ Es trente Petilus Other • eo*
Rln|l n( Eer* Describe • •
DUlleulty BreMhine * 0
Chest Peln • e
Extreme Cold • •

___Visual Symptom* e 0

INDICATE ALL OPUOS TAKEN REGULARLY (MORE THAN 3 *IMES A WEEK) OR TAKEN WITHIN THE LAST
2» HRS PRIOR TO INCIDENT.
___Aspirin __ Antihypertensives e see
___Other Pain Relievers ___Birth Control Pills e eo*
___Insulin or Related __ Other, List (Prescription k Noa-prescription) * eo*
___Dies PUli e e
___Decenfief inti ________________
___AnnMit emine*

FIRST AID ADMINISTERED
__ Aspirin ___Heed Down Left Side Petition
___Oral Fluid* ___In Water Rteompreuien
___Intravenous Fluid* ___Medication* (Describe)
___Ne Pini Aid _______________________
___Alcohol _______________________
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Por ©Mlea Um OnlyDIVETHAININQIV)
(' (Non* VEAU ORGANIZATION
I ) Buie * O pan liw .. __________
( ) Advanced Diver . ________
( ) Alii) Initruetor/lnetructor
( ) Military ... __________
( ) Poliee/Retaia __
< ) Commeraal, School Voor ______

Count ____________________________
School ____________________ Voor _____
Count _______^_____________
School____________________________________ Vtor_______
Count 

I ) Ointr

DIVING-EXPERIENCE ( </)
( ) Snor kai Only Yuri____
( ) Scuba Sport Yuri____ Est, Hrt.
( ) Scuba Raaaarcn Vaar» EU. Hrt.
( ) Commercial Scuba Ytori____ Eh. Hrt.
( ) Commercial Hoaa Yuri____ En. Hr».
( ) Commercial Sat Yuri Eh. Hra.
( ) Minae Gu Yuri Eu. Hn.
( ) Polica/Raacua Yuri____ Eh. Hn.
( ) Military Yairi____ Eh. Hn.
( ) Other (Daaerlba) Vaar» Eh. Hn.

DIVKO ACTIVfTV (✓)
How Activa In Pan 3 Yuri .
( ) (Loii Thon IO Tima* o Vtor)
( ) (IO to JO Tima» o Yuri 
( ) (Mora Than JO Tima» o Voor)

HAVE YOU EVER HAD A PREVIOUS DIVING RELATED ACCIDENT? YES/NO 
U YES, Data _________ Typa __________________ Dapth _
Diva Typa ____________________________________________
Symptomi

Treatment

Railduol Dafletti

Where ano by Whom Traatad
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' MEDICAL-HISTORY
HAVE YOU HAD ANY OP TflR.tORÇMNP iCirel* Correct Answer)
Ear Inlections Ves/No/Don't Know Hign Blood Pressure Yes/No/Don't Know
Dilliculty Clearing Ears Yos/No/Don't Know Rheumatic Pever Yes/No/Don't Know
Other Ear Problems Vei/No/Don't Know Heart Disau* Yes/No/Don't Know
Visual Problems Yes/No/Don't Know Poor Circulation Yu/No/Oon't Know
Tuberculosis Yes/No/Don't Know Sickle Cell Yes/No/Don't Know
Pneumonia Yu/No/Don't Know Blood Clotting Problems Yu/No/Oon't Know
Bronchitis Ves/No/Don't Know Hepatitis Vu/No/Dont Know
Pneumothorax Yu/No/Don't Know Cirrhosis Yu/No/Don't Know
Asthma Yes/No/Don't Know Liver Disease Yu/No/Don't Know
Hay Pavor Yes/No/Don't Know Kidney or Bladder Trouble Yes/No/Don't Know
Spitting Up Blood Yes/No/Don't Know Diabetes or Sugar in Urine Yu/No/Oon't Know
Other Lung Problems Yes/No/Don't Know Hypoglycemia Yu/No/Don't Know
Ulcers yes/No/Don't Know Broken Bones Yu/No/Oon't Know
Bowel Problems Yes/No/Don't '‘.now Back Trouble Yu/No/Don't Know
Rectal Bleeding Yes/No/Don't Know Skin Dlsauu Yu/No/Don't Know
Headache* Yes/No/Don't Know Joint Dlsauu Yu/No/Don't Know
Seizures '
Head Iniuriu
Psycnlatrie Problems
Smoker '

Yes/No/Don't Know 
Yes/No/Don’t Know 
Yes/No/Don't Know 
Yes/No/Don't Know Leu Than l Pk/Day _____

Exolanatarv Remarks
More Than 1 Pk/Day ___

Ulla el Lut Chaii X-ray____________________ Normal/Abnormal
IVrJ USSI

Date ol Lut Bon* & Joint X-ray_______________ Normal/Abnormal
(Tri ÎMÔ5

WOMEN ONLY
When «U Your Lut Period___________________ Mo/Day/Yr
Have You Ever Been Pregnant? Yes/No 
Have You Dived When Pregnant? Yu/No 
Are You Pregnant Now? Ye*/No
Current Meoieationi lor Menstrual Symptoms Yes/No.Listt
Give Year and Date ol Lut Medical Exam _
By Wlvom Qualifications
City _____ State _____
Wny
Wu This a Diving Medical Physical? Yes/No
Sigmlieant Findings __________________________

For Ollier Ui* Only
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POR PATIENT
DESCRIBE THE INCIDENT IN DETAIL IN YOUR OWN WORDS INCLUDING ANY INJURIES OR EVENTS THAT 
LEO TO THE INCIDENT. INCLUDE DETAILS OP WHAT YOU PELT OR DID UP TO THE TIME YOU CAME 
UNDER THE CARE OP A DIVING PHYSICIAN OR HOSPITAL.
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EXAMPLE 2

British Sub-Aqua Club 

Incident/Accident Report Form

Organlalng Club/Branch

Location

Date Time Temperature Weather

Weter/Sea condition! Max. Depth Bottom

Tide/Wind Surface Vlalblllty Underwater Vlalblllty

Purpose of diva

Safety cover and
safety precaution!

Diver directly involved
NAME MEMBERSHIP NO. AGE DIVING QUALIFICATIONS

Physical condition, recently and on day of incident. Indicate any physical Incapacity.

Club/Branch

Equipment. Indicate typa, model and condition before and after diva. 
Alto amount of air in Cylindera and weight on belt before and after diva.

BEFORE DIVE: AFTER DIVE:
Mask

Fins

Snorkel

Lifejacket

Weight belt
Protective
clothing
Cylinders
Demand
Valve
H amaea

Instruments

lethe event of decompression having been carried out Hat atopa made at:
First Dive 10m 5m Total ascent time

Second Dive 10m 6m Total ascent time
Particulars of any divae In the previous 24 hours.
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British Sub-Aqua Club 

Incident/Accident Report Form

Dotilla of Incident and any action taken: (Um another ahaat of paper If thia ipaea la too imaii).

ffaait aubmit reporta by dh/er'a Pinnaria). diva leader. diva manhal and any other witneaaee together 
with a tummary of the Incident leading to the accident. Copiai of atatamanta given to the police or other 
authorltlaa thou id aito be included. Pleaae endota any priei cuttlnga, Inquiet report etc.

Report aubmltted by:
Nama
Addreae
Dete
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EXAMPLE 3

UNDERWATER 

ACCIDENT REPORT

Forward nport toi
NATIONAL UNDERWATER ACCIDENT DATA CENTER 

P.O. Box 68 — Klnoilon, R. I. 02881

ij Nama of Victim............................................. vloUm', ..... **•.......»«*..........w*..........
Ui* Ui* ‘“MU Marital Statua: U .... S .... D .... W ... UNK ...

Addrau: ..................................................... Occupation ...................................................
...................................  State .................... Employer .....................................................

ll Location of Accident....................................... CIRCLE LOCATION(um landmarkt, , (fly Code Number!
HMmu!.ta,fM«iW........................................... *• 0«»n< Bay, 8ea 4. River
Futuna Attach .......................................... *- Minor Lake, Pond, Bloueh 5. Major Lake, Pond
Chart or Map 3- Quarry, Pit, Open Mina s. Swlmmlne PoolIf avalUblal ......................... State.............. SA. Cava 7. Créât Lakei

j!
Data and Tima of Accident ............................. Autopay Performed: .......................................Per Ui. Yr. Ute 14-Ht, elati (Yet er Me)
Date and Time of Death ............................. Clu" D*»th! ............................................
Dete and Time of Reeovery ............................. Medical Examiner ..................^.................
Death occurred In Water T ............. .................................................................|VnnI4I .........

AUttel Nitae

CODII rOR NON-FATAL INCIDENT arci* on* only (A, B. C. or D) which but dueribuMriouuiui of insldont. Important: Hiport ali "Incldtnti", howivtr minor. Dale ribt In ditall on pifi 4. Includt equip- mint fie tori,

A. loca pultatlnf Injury renderint Pinon unau* to perform normal utlvltlu ia walkinf or divine or to luvi Kina without aaautanee.B. Nonlncapacitatinc ivtdant Injury aa Inu of hloed, abraalona, lump on hud. ata.

C. Pouible Injury Indleatad by eomplalnlnr of pain, blackout, limplna, nautae, ate.D. Incident with no apparent Injury, (mar mua, ilo.)

DeacripUon of ali divae within previoua 13 houn Includlnf ucldant diva.

a

Dae* Tiea Ona Iwlatt leweal

Typa of Divine: (Explain If Nacaaaary)
Scuba.......Skin........Other.......Unknown
Othan In accident ...........................(Via aa kai
Separata nport Sled

Nama
(Via aa Mai

alddrau

At Urna of incident. Arthritica anfa»ad In:
Bee national ...
Commercial ...
Under Ina truc tien ... 
Inatructlne ...
Cava divine ... 
Spear Sabine . • • 
Photocnpky ... 
Nicht divine . •.

At time of Incident, Buddy record:
Divine akule .
Divine with buddy . 
Buddy dUtalina .
Divine with mon than one .
DUtanee to naxt ntanit diver .

VeueU involved ..............................(Via aa Mai
U.8. Coae! Guard aid aoucht ..............(Yea aa Mai
(Diva DetalU In "Deecrlptlon of Accident", Nama, Captain, Addrau, Phone, ate.)

Phene PuncHon/Eele

tttforiêi by; Other Contact/:
Name.......................................................... Nami.......................... ..................
Addrau....................................................... Addrau..........................................
City..................................... phone............ City..................................... Phone
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iu 0
si
si

8
1

Sei: Calm Moilarata Rough
Currant. Hllght , Moderata Strong Dlractlon 
Wava Height: Water Depth: Typa nottoni
Watar Tamparnturai i •P’ » .

Weather ('laar Cloudy Fog Snow 
Tlmndaratorm Tornado, Hurricane 

Wind Torea Dlractlon 
Mr Tamparatura: i»Fl

llluitrati ali vlalbla Injuriai louti, abrneloni, fractum, ile,I

Italn 
01 liar

h)

jf

*£

Swimming Experience: Yairi .......
Sklndlvlng Experience: Yairi ...... Ul ■
Scuba Experience: Yairi ...... 121

IS)

Houri of ileep In post 24 houri .............................
Tima of laat miii ............................................
Tima of laat alcoholic drink.................................
Any known phyalcil alimenta, diaablllty or Impairment?

Couma nnd Agency
. ........ Certification Date .

...................... -DO- .
•DO-

What and how much? 
What and how much?
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EQUIPMENT DATA

NOTE: Equipment Brunii, Tape riHd Serial Number data need be included only if ma//uHC«oit or failure teat 
contributory Io the incident.

■etrlpaiial Del* 
Dele eai Time 
*f lH*etll*e

Iriei, Ty*e Futiel
■•1er*Divise 

(Vh *f Nii

Freilei el 
Tisii el Ricevery

(Vh er Nii

Cddllttan leulpmtal •rasi, Vf**, 
Sillet Ne*

Fmiel■elere
Pillae 

(Vh h Ne)

Friiiel *1 
Tiara el Reu very 

ivii er He)

Ceailllia

Dividi wp Kalla(Paalt)

Heel Ab Iran

lee It v Sealii FleihlloNV

Clevei « MIH DaptbGauo«

Meli! Speer One

Seetliil Cempeii

liei Ripulelef

Wllekl 1*11UM.) Task

■Milli R«larva

Natalia* Ddvlc* worcb

Ollier (eulpmeat

Flotation Device : Used 

Tested after event? .., 

Regulator Tested? — 

Results ..................

(Vh h Ne)

(Vh er Ns)

(Yh er Ne)

Tank: Air Left...........MFO...............Date(F5I6)
Last Hydro-Test Date................................
Last Visual Inspection Date.......................
Internal Condition: Clean ..........................

Slight Corrosion ..................................
Extensive Corrosion ............................

By: ......................................................NAMI
Special Comments on Equipment..............

Equipment Inspected by: ............... nami

Equipment: Released to/or Held by: NAMI

ADMISS F KOHI

ADMIS! F KOHI

ADMIS! FHONI
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DETAILED DESCRIPTION OF ACCIDENT

DMorii* In detail how Ula accident happened, Including what the pereon waa doing, any epeclflo marina life or objecta 
and the action or movement whloh led to Ute event, Inolude (latella of lint aid ur rMuaoltatlon efforta, Deaorlbe any 
"Deoompreaalon" and/or "Recompreaalon-Treatment" In deaorlptlon of aooldent.
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APPENDIX 7. CHAS QUALIFICATION EQUIVALENTS

FEVRIER ■ FEBRUARY • FCBRCRO UM

LISTE DES PAYS AVANT OBTENU LES EQUIVALENCES C.H.A.S,

LIST 0/ COUNTRIES UHICH HAVE OBTAINCO THE EQUIVALENCES C.H.A.S.«••■•a*••■•*•••••■%■•*•*•
USTA OC LOS PAISES QUE HAN OBTENIDO LAS EQUIVALENCES C.H.A.S.

AFRIQUE OU SUD • SOUTH AFRICA • AFRICA OCL SUR ! SOUTH AFRICAN UNDERWATER UNION
3rd CLASS DIVER •2nd CLASS DIVER •
Ul CLASS DIVER ■

PLONGEUR 2 ETOILES 
PLONGEUR 3 ETOILES PLONGEUR 4 ETOILES

2 STAR DIVER3 STAR DIVER
4 STAR DIVER

BUCEAOOR 2 ESTRELLAS 
BUCEAOOR 3 ESTRELLAS BUCEAOOR 4 ESTRELLAS

C.H.A.S.
C.H.A.S.
C.H.A.S.

PROVINCIAL INSTRUCTOR •NATIONAL INSTRUCTOR • MONITEUR 1 ETOILE MONITEUR 3 ETOILES
1 STAR INSTRUCTOR
3 STAR INSTRUCTOR

INSTRUCTOR 1 ESTRELLA 
INSTRUCTOR 3 ESTRELLAS

C.H.A.S.
C.H.A.S.

AUEHAGHE RFA - GERMANY FRG - ALEHANA REA : VERBAND DCUTSCHCR SPORTTAUCHCR
BREVET SPORTTAUCHSCHEIN •
BREVET BRONZE ■
BREVET SILBER ■BRCVCT GOLD •

PLONGEUR 1 ETOILE 
PLONGEUR 2 ETOILES PLONGEUR 3 ETOILES 
PLONGEUR 4 ETOILES

1 STAR DIVER
2 STAR DIVER
3 STAR DIVER4 STAR DIVER

BUCEAOOR t ESTRELLA 
BUCEAOOR 2 ESTRELLAS 
BUCEAOOR 3 ESTRELLAS 
BUCEAOOR 4 ESTRELLAS

C.H.A.S.
C.H.A.S.
C.H.A.S.
C.H.A.S.

MONITEUR BRONZE •MONITEUR 'ARGENT •
TAUCHLEHRER •

MONITEUR 1 ETOILE MONITEUR 2 ETOILES MONITEUR 3 ETOILES
t STAR INSTRUCTOR
2 STAR 1 NSI AUCTOR
3 STAR INSTRUCTOR

INSTRUCTOR 1 ESTRELLA 
INSTRUCTOR 2 ESTRELLAS 
INSTRUCTOR 3 ESTRELLAS

C.H.A.S.
C.H.A.S.
C.H.A.S.

ARGENTINE • ARGENTINA : FCOCRACION ARGENTINA DE ACTIVIDAOES SUBACUATICAS
BUCEAOOR 1 ESTRELLA •
BUCCATA 2 ESTRELLAS •
BUCEAOOR 3 ESTRELLAS •

PLONGEUR 1 ETOILE 
PLONGEUR 2 ETOILES PLONGEUR 3 ETOILES

1 STAR DIVER
2 STAR OIVCR
3 STAR OIVCR

BUCEAOOR 1 ESTRELLA 
BUCEAOOR 2 ESTRELLAS 
BUCEAOOR 3 ESTRELLAS

C.H.A.S.C.H.A.S.
C.H.A.S.

MANI TOR KACIONAL OE BUCEO •
INSTRUCTOR NACIONAL >PROFESOR •

MONITEUR 1 ETOILE 
MONITEUR 2 ETOILES MONITEUR 3 ETOILES

1 STAR INSTRUCTOR2 STAR INSTRUCTOR
3 STAR INSTRUCTOR

INSTRUCTOR 1 ESTRELLA 
INSTRUCTOR 2 ESTRELLAS 
INSTRUCTOR 3 ESTRELLAS

C.H.A.S.
C.H.A.S.
C.H.A.S.

AUTRALIE • AUSTRALIA : AUSTRALIAN UNDERWATER FEDERATION
NQS SCUBA DIVER •
NOS AOVANCEO DIVER •
NOS AOVAMCED DIVEHASTER •

PLONGEUR 2 ETOILES 
PLONGEUR 3 ETOILES 
PLONGEUR 4 ETOILES

2 STAR DIVER
3 STAR DIVER
4 STAR DIVER

BUCEAOOR 2 ESTRELLAS 
BUCEAOOR 3 ESTRELLAS BUCEAOOR 4 ESTRELLAS

C.H.A.S.
C.H.A.S.C.H.A.S.

NAG LEVEL I Immmt instructor)»
NAC LEVEL 2 (scubl Instrutor) •
NAC LEVEL 3(idvincfd divoustcr instructor) >

MONITEUR 1 ETOILE 
MONITEUR 2 ETOILES
MONITEUR 3 ETOILES

1 STAR INSTRUCTOR
2 STAR INSTRUCTOR
3 STAR INSTRUCTOR

INSTRUCTOR 1 ESTRELLA 
INSTRUCTOR 2 ESTRELLAS
INSTRUCTOR 3 ESTRELLAS

C.H.A.S.
C.H.A.S.
C.H.A.S.

AUTRICHE • AUSTRIA : TAUCHSPORTVERBAND 0STERRE1CHS
BREVET ELEMENTAIRE •
BREVET 1 ETOILE •BREVET 2 ETOILES •
BREVET 3 ETOILES •

PLONGEUR 1 ETOILE 
PLONGEUR 1 ETOILE 
PLONGEUR 2 ETOILES PLONGEUR 3 ETOILES

1 STAR DIVER
1 STAR OIVCR
2 STAR OIVCR
3 STAR DIVER

BUCEAOOR 1 ESTRELLA 
BUCEAOOR 1 ESTRELLA 
BUCEAOOR 2 ESTRELLAS BUCEAOOR 3 ESTRELLAS

C.H.A.S.
C.H.A.S.
C.H.A.S.
C.H.A.S.

MONITEUR 1 ETOILE •MONITEUR 2 ETOILES •
MONITEUR 3 ETOILES •

MONITEUR 1 ETOILE 
MONITEUR 2 ETOILES 
MONITEUR 3 ETOILES

1 STAR INSTRUCTOR2 STAR INSTRUCTOR
3 STAR INSTRUCTOR

INSTRUCTOR 1 ESTRELLA 
INSTRUCTOR 2 ESTRELLAS 
INSTRUCTOR 3 ESTRELLAS

C.H.A.S.
C.H.A.S.
C.H.A.S.

BELGIQUE • BELGIIM • BELGICA : FEDERATION BELGE OC RECHERCHES CT D'ACTIVITES SOUS-MARINES
BREVET ELEMENTAIRE •BREVET MOYEN •BREVET SUPERIEUR •

PLONGEUR 1 ETOILE 
PLONGEUR 2 ETOILES PLONGEUR 3 ETOILES

< STAR DIVER
2 STAR OIVCR3 STAR OIVCR

BUCEAOOR 1 ESTRELLA 
BUCEAOOR 2 ESTRELLAS BUCEAOOR 3 ESTRELLAS

C.H.A.S.
C.H.A.S.C.H.A.S.

AIDE-HOUITEUR •MONITEUR FEDERAI •
MONITEUR NATIONAL •

MONITEUR 1 ETOILE MONITEUR 2 ETOILES 
MONITEUR 3 ETOILES

1 STAR INSTRUCTOR
2 STAR INSTRUCTOR3 STAR INSTRUCTOR

INSTRUCTOR 1 ESTRELLA INSTRUCTOR 2 ESTRELLAS INSTRUCTOR 3 ESTRELLAS
C.H.A.S.
C.H.A.S.
C.H.A.S.

BRESIL • BRAZIL : COMFCOCRACAO BRAS 1 LC 1 RA OC PESCA C DCSPORTOS SUBACUATICOS
PLONGEUR 1 ETOILE .
PLONGEUR 2 ETOILES •
PLONGEUR 3 ETOILES •

PLONGEUR I ETOILE PLONGEUR 2 ETOILES PLONGEUR 3 ETOILES
1 STAR OIVCR2 STAR OIVCR
3 STAR OIVCR

BUCEAOOR 1 ESTRELLA 
BUCEAOOR 2 ESTRELLAS BUCEAOOR 3 ESTRELLAS

C.H.A.S.
C.H.A.S.
C.H.A.S.

MONITEUR 1 ETOILE •
MONITEUR 2 ETOILES •MONITEUR 3 ETOILES •

MONITEUR 1 ETOILE 
MONITEUR 2 ETOILES MONITEUR 3 ETOILES

t STAR INSTRUCTOR2 STAR INSTRUCTOR
3 STAR INSTRUCTOR

INSTRUCTOR 1 ESTRELLA 
INSTRUCTOR 2 ESTRELLAS INSTRUCTOR 3 ESTRELLAS

C.H.A.S.
C.H.A.S.C.H.A.S.

BULGARIE - BULGARIA : FEDERATION BULGARE OES SPORTS SOUS-MARINS
scaphandrier plongeur autonome • PLONGEUR 1 ETOILE t STAR OIVCR BUCEAOOR 1 ESTRELLA C.H.A.S.
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CAMP* I A.C.U.C.
Divin uva 1 • PIONCIUR 1 ITOUI 1 STAR OIVCR BUCCAOOR 1 (STAHLI C.H.A.S.
PI vu uvti II ■ PIONCIUR 2 (TOIKS 2 STAR OIVCR IUCIAOOR 2 ISTRILIAS C.H l.s,
Divin levii iii ■ PIONCIUR 3 (TOUIS 3 STAR OIVIR IUCIAOOR 3 ISTRILIAS C.H.A.S.
DIVtl UVtl IV ■ PIONGCUA 4 CTOILCS 4 STAR OIVCR BUCCAOOR 4 ISTRILIAS C.H.A.S,
INSTDUCTDI IIVIL 1 _
instructor uva n ;

■ HONITIUR 2, ITOUI! 2 STAR INSTRUCTOR INSTRUCTOR 2 ISTRILIAS C.H.A.S.
INSTRUCTOR levii III > INSTRUCTOR ItVIl IV J ■ HONITIUR 3 (TOUIS 3 STAR INSTRUCTOR INSTRUCTOR 3 (STRILLAS C.H.A.S,
CANADA ! 1101 RATION OUCOrCOISI DCS ACTIVITIS SUBAOUATIQUIS
RLONCIUR 1 ITOUI ■ PIONGCUA 1 ITOUI 1 STAR OIVCR BUCCAOOR 1 CSTRCLLA C.H.A.S.
RIONGIUR I ITOIlIS • PIONCIUR 2 CTOILCS 2 STAR OIVCR BUCCAOOR 2 ISTRILIAS C.H.A.S.
PLONGIUR ) ITOI LIS • PLONGIUR 3 nolli! 3 STAR OIVCR BUCIAOOR 3 ISTRILIAS C.H.A.S.
HONITIUR 1 ITOUI • HONITIUR 1 ITOUI 1 STAR INSTRUCTOR INSTRUCTOR 1 CSTRCLLA C.H.A.S.
MON!HUA 2 ITOUI! ■ HONITIUR 2 CTOILCS 2 STAR INSTRUCTOR INSTRUCTOR 2 ESTRELLA! C.H.A.S.
HONITIUR 3 ITOUI! « HONITIUR 3 CTOILCS 3 STAR INSTRUCTOR INSTRUCTOR 3 (STRILLAS C.H.A.S.
CHVPRt • CYPRUS • (NIPRI : CYPRUS SUBAOUA CLUB ANDRI*! KARIOIOU
3rd CHAOI 01 VIR ■ PIONCIUR 1 ITOUI 1 STAR OIVCR IUCIAOOR 1 CSTRCLLA C.H.A.S.2nd CHADI 01 VIR • PLONGIUR 2 CTOILCS 2 STAR OIVCR BUCCAOOR 2 ISTRILIAS C.H.A.S.
Ul CHADI DIVER R PLONGIUR 3 CTOILCS 3 STAR OIVCR BUCCAOOR 3 ISTRILIAS C.H.A.S.
4th CHAOI DIVING INSTRUCTOR ■ HONITIUR 1 ITOUI 1 STAR INSTRUCTOR INSTRUCTOR I CSTRCLLA C.H.A.S.3rd CHADI DIVING INSTRUCTOR • MONITEUR 2 CTOILCS 2 STAR INSTRUCTOR INSTRUCTOR 2 (STRILLAS C.H.A.S.2nd CHADI DIVING INSTRUCTOR • MONITEUR 3 CTOILCS 3 STAR INSTRUCTOR INSTRUCTOR 3 ISTRILIAS C.H.A.S.lit CHADI OIVING INSTRUCTOR ■ MONITEUR 3 CTOILCS 3 STAR INSTRUCTOR INSTRUCTOR 3 ESTRELLAS C.H.A.S.
COLOMBI! • COLUMBIA : FEOERACION COLOMBIANA 01 ACTIVIOAOIS SUBACUATICAS
BU20 OIPORTIVO 1 ESTRELLA ■ PLONGIUR 1 ITOUI 1 STAR OIVCR BUCCAOOR 1 CSTRCLLA C.H.A.S.8U20 OIPORTIVO 2 ISTRILIAS • PLONGEUR 2 CTOILCS 2 STM OIVCR IUCIAOOR 2 (STRILLAS C.H.A.S.BUZO OIPORTIVO 3 ISTRILIAS • PLONGIUR 3 CTOILCS 3 STM OIVCR BUCEAOOR 3 ESTRELLAS C.H.A.S.
INSTRUCTOR 1 • MONITEUR t ITOUI 1 STAR INSTRUCTOR INSTRUCTOR 1 CSTRCLLA C H.A.S.INSTRUCTOR 11 • HONITIUR 2 CTOILCS 2 STM INSTRUCTOR INSTRUCTOR 2 (STRELUS C.H.A.S.INSTRUCTOR III * MONITEUR 3 CTOILCS 3 STM INSTRUCTOR INSTRUCTOR 3 ESTRELLAS C.H.A.S.
CUBA : FCOIRACION CUCANA Cl ACTIVIOAOIS SUBACUATICAS
BUZO 1 ESTRELLA ■ PLONGEUR 1 ETOILE t STAR OIVER BUCEAOOR 1 CSTRCLLA C.H.A.S.BUZO 2 ISTRILIAS • PLONGEUR 2 ETOILES 2 STM OIVCR BUCEAOOR 2 ESTRELLAS C.H A.S.BUZO 3 ISTRILIAS • PLONGEUR 3 ETOILES 3 STM OIVCR BUCCAOOR 3 ESTRELLAS C.H.A.S.
INSTRUCTOR 1 (STACHI • MONITEUR 1 ETOILE 1 STAR INSTRUCTOR INSTRUCTOR 1 ESTRELLA C.H.A.S.INSTRUCTOR 2 ISTRILIAS • MONITEUR 2 ETOILES 2 STAR INSTRUCTOR INSTRUCTOR 2 (STRELUS C.H.A.S.INSTRUCTOR 3 ISTRILIAS ■ HONITIUR 3 CTOILCS 3 STAR INSTRUCTOR INSTRUCTOR 3 ESTRELLAS C.H.A.S.

DANEMARK • OCHMAAK • OINAMARCA : OANSK SPORTOVKKCR FORBUND
PIONGCUA SPORTIF NOROIOUE ■ PLONGEUR 2 ETOILES 2 STAR OIVER BUCEAOOR 2 ISTRILIAS C.H.A.S.PIONCIUR 01 ltrt CUSSC ■ PLONGEUR 3 ETOILES 3 STAR OIVER BUCEAOOR 1 ESTRELLAS C.H.A.S.
INSTRUCTOR ONI ■ MONITEUR t ITOUI 1 STM INSTRUCTOR INSTRUCTOR I CSTAELU C.N.A.S.INSTRUCTOR TWO • MONITEUR 2 ETOILES 2 SUR INSTRUCTOR INSTRUCTOR 2 ESTRELLA! C.H.A.S.INSTRUCTOR THRU ■ MONITEUR 3 ETOILES 3 STM INSTRUCTOR INSTRUCTOR 3 ESTRELLAS C.N.A.S.
CGVPTE • EGVPT • CGIPTO : ICYPTIAN UNOCRUATCR SPORTS FIDIRATION
1 STAR OIVIR • PLONGEUR 1 ETOILE 1 STM OIVER BUCEAOOR t ESTRELLA C.H.A.S.2 STU OIVIR ■ PLONGEUR 2 ETOILES 2 STAR OIVCR BUCCAOOR 2 ESTRELLAS C.M.A.S.3 STM OIVCR • PLONGEUR 3 CTOILCS 3 STAR OVICR BUCEAOOR 3 ESTRELLAS C.H.A.S.
1 STM INSTRUCTOR • MONITEUR 1 ETOILE 1 STAR INSTRUCTOR INSTRUCTOR 1 (STREIU C.M.A.S.2 STM INSTRUCTOR ■ MONITEUR 2 ETOILES 2 STM INSTRUCTOR INSTRUCTOR 2 ESTRELLAS C.M.A.S.3 STM INSTRUCTOR • MONITEUR 3 CTOILCS 3 STAR INSTRUCTOR INSTRUCTOR 3 (STRELUS C.M.A.S.
ISPACNI • SPAIN • «PAR* : FIOCRACION ESPANOLA OC ACTIVIOAOIS SUBACUATICAS
BUCCAOOR OIPORTIVO Ot 2* CLASI • PLONGEUR 2 ETOILES 2 STAR OIVCR BUCCAOOR 2 (STICHAS H.A.S.IUCIAOOR OIPORTIVO OC 1’ CLASI • PLONGEUR 3 ETOILES 3 STAR OIVCR BUCEAOOR 3 ESTRELLAS H.A.S.
MONITOR OIPORTIVO • MONITEUR 2 ETOILCS 2 STAR INSTRUCTOR INSTRUCTOR 2-(STICHAS C H.A.S.INSTRUCTOR OIPORTIVO ■ HONITIUR 3 ETOILCS 3 STAR INSTRUCTOR INSTRUCTOR 3 (STRELUS C.M.A.S.
FINLAND! • FINLAND : SUOMCN URICIUSUKCITAJAIN DITTO RV
PIONCIUR SPORTIF NOAOIQUC • PLONGIUR 2 ETOILES 2 STAR DIVER BUCCAOOR 2 ESTRELLA! C.H.A.S.PIONOIUR 01 l«r« CLASS! ■ PLONGIUR 3 ETOILCS 3 STAR OIVER BUCCAOOR 3 (STRILLAS C.H.4.S.
1 STAR INSTRUCTOR • MONITEUR 1 ETOILE 1 STAR INSTRUCTOR INSTRUCTOR 1 ESTRCIU C.M.A.S.2 STAR INSTRUCTOR • MONITEUR 2 CTOILCS 2 STAN INSTRUCTOR INSTRUCTOR 2 (STRELUS C.M.A.S.3 STAR INSTRUCTOR • MONITEUR 3 ETOILES 3 STAR INSTRUCTOR INSTRUCTOR 3 (STRILLAS C.H.A.S.
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MAM! • MANOA : OM RATION FRANCAI St O'tTUOtS IT OC SPORTS SOUS-HARINS
BREVET ELEMENTAIRE • PLONMUR 1 ETOILE 1 STAR OIVCR BUCERUM 1 ESTRELLA C.H.A.S,
Ur CCHCLOM • PIONCIUR Z ETOILES Z STAR DIVCR BUCERUM Z ESTRELLAS C.M.A.S.
Z*M ECHELON • PLONGIUR 3 ETOILES 3 STAR OIVCR BUCERUM 3 ESTRELLAS C.H.A.S.
ZtiM ECHELON . INITIATEUR ■ MONITEUR 1 ETOILE 1 STAR INSTRUCTOR INSTRUCTOR 1 ESTRELLA C.H.A.S.
MONITtUA FtOfRAI Ur OtGRt • HONITCUR Z CTOILCS Z STAR INSTRUCTOR INSTRUCTOR « ESTRELLAS C.H.A.S.
OCIS ifr OtGRt / AUXIllAIRt ■ HONITIUR Î*CTOILCS Z STAR INSTRUCTOR INSTAUCTM Z ESTRELLAS C.H.A.S.
MONITEUR FEDERAL ilw OtGRt • MONITEUR 3 CTOILCS J STAR INSTRUCTOR INSTRUCTOR 3 ESTRELLAS C.H.A.S,
OCIS »N OtGRt / NATIONAL » HONITCUR 3 ETOILES ) STAR INSTRUCTOR INSTRUCTOR 3 ESTRELLAS C.H.A.S.
GRANDE■SRCTASNE • GRCAT-ORITAIN GRAN.ODE TARA i BRITISH SUS AQUA CLUO
NOVICE DIVCR • PLONGIUR t ETOILE 1 STAR OIVCR BUCI’ADM 1 ESTRELLA C.H.A.S.
SPORT OIVCR • PLONGIUR Z ETOILES Z STAR DIVCR BUCCAOOR Z ESTRELLAS C.H.A.S.
01 VC LtAMR « PLONGIUR Z CTOILCS Z STAR OIVCR BUCERUM it ESTRELLAS C.H.A.S.
ADVANCED OIVCR ■ PLONGEUR 3 ETOILES 3 STAR 01 VIR SUCCAObT 3 ESTRELLAS C.H.A.S.
lit CLASS OIVIR ■ PLONGIUR 4 CTOILCS 4 STAR RIVER BUCERUM •* ESTRELLAS C.H.A.S.
CLUO INSTRUCTOR • HONITCUR 1 ETOILE 1 STAR INSTRUCTOR INSTRUCTM I ESTRELLA C.H.A.S.
AOVANCCD INSTRUCTOR ■ MONITEUR Z ETOILES Z STAR INSTRUCTOR INSTRUCTM Z ESTRELLAS C.H.A.S.
NATIONAL INSTRUCTOR • MONITEUR 3 ETOILES 3 STAR INSTRUCTOR INSTRUCTM 3 ESTRELLAS C.H.A.S.
GRECE ■ GRCtet • eRtCIA : FtOCRATION HCLLCNIOUC M LA RICHI SROATIVt CT OCS ACTIVITES SUOAOUATIQUtS
PLONGEUR AUTONOME 1 ETOILE • PLONGIUR « ETOILE t STAR OIVER BUCERUM 1 ESTRELLA C.H.A.S.
PLONGEUR AUTONOME Z CTOILCS « PLONGIUR Z ETOILES Z STAR OIVCR BUCCAOM Z ESTRELLAS C.H.A.S.
PLONGEUR AUTONOME 3 CTOILCS * PLONGEUR 3 CTOILCS 3 STAR DIVCR BUCERUM 3 ESTRELLAS C.H.A.S.
MONITEUR.t ETOILE a HONITCUR 1 ETOILE t STAR INSTRUCTOR INSTRUCTOR I CSTRCLLA C.H.A.S.
HONITCUR Z ETOILES • HONITCUR Z ETOILES Z STAR INSTRUCTOR INSTRUCTOR Z ESTRELLAS C.H.A.S.
MONITEUR 3 ETOILES a MONITEUR 3 ETOILES 3 STAR INSTRUCTOR INSTRUCTOR 3 ESTRELLAS C.H.A.S.
HOLLANM • HCTNCRLANOS • MOL AN DA : NCOERLANOSC ONDERWATERSPORT BOND
1 STAR OIVCR a PLONGEUR 1 ETOILE 1 STAR DIVCR BUCEAOOR t CSTRCLLA C.H.A.S.
Z STAR OIVCR. a PLONGIUR Z CTOILCS Z STAR OIVCR BUCERUM Z ESTRELLAS C.H.A.S.
3 STAR OIVER a PLONGIUR 3 ETOILES 3 STAR OIVCR BUCCAOM 3 ESTRELLAS C.H.A.S.
1 STAR INSTRUCTOR a MONITEUR 1 ETOILE 1 STAR INSTRUCTOR INSTRUCTOR t ESTRELLA C.H.A.S.
Z STAR INSTRUCTOR a MONITEUR Z ETOILES Z STAR INSTRUCTOR INSTRUCTA Z ESTRELLAS C.H.A.S.
3 STAR INSTRUCTOR • HONITCUR 3 ETOILES 3 STAP INSTRUCTOR INSTRUCTOR 3 ESTRELLAS C.H.A.S.
MONG*KONG ; HONG-KONG UNDERWATER FEDERATION
3rd CLASS OIVCR POOL 9 PLONGIUR 1 ETOILE 1 STAR OIVCR BUCCAOM 1 CSTRCLLA C.H.A.S.
3rd CLASS DIVER • PIONCIUR Z ETOILES Z STAR OIVER BUCCAOM Z ESTRELLAS C.H.A.S.
Znd CLASS OIVER a PLONGIUR 3 CTOILCS 3 STAR OIVER BUCCAOM 3 ESTRELLAS C.H.A.S.
Ut CLASS OIVER a PLONGIUR 4 ETOILES 4 STAR OIVCR BUCCAOM 4 ESTRELLAS C.M.A.S.
CLUB INSTRUCTOR a HONITIUR t ETOILE 1 STAR INSTRUCTOR INSTRUCTM 1 ESTRELLA C.H.A.S.
ADVANCED INSTRUCTOR a MONITEUR Z ETOILES Z STAR INSTRUCTOR INSTRUCTM Z ESTRELLAS C.H.A.S.
NATIONAL INSTRUCTOR a HONITCUR 3 ETOILES 3 STAR INSTRUCTOR INSTRUCTOR 3 ESTRELLAS C.H.A.S.
IHOONCSIC • INDONESIA : INDONESIAN SUMOUATIC SPORT ASSOCIATION
SCUM DIVCR III a PLONGIUR t ETOILC t STAR OIVER BUCCAOM I ESTRELLA C.H.A.S.
SCUM OIVER 11 a PLONGIUR Z ETOILES Z STAR OIVER BUCCAOM Z ESTRELLAS C.H.A.S.
MASTER SCUM OIVCR a PLONGIUR J CTOILCS 3 STAR OIVCR BUCCAOM 3 ESTRELLAS C.M.A.S.
CU* INSTRUCTOR 11 a MONITEUR 1 ETOILE 1 STAR INSTRUCTOR INSTRUCTM 1 ESTRELLA C.H.A.S.
CU» INSTRUCTOR 1 a HONITCUR Z ETOILCS Z STAR INSTRUCTOR INSTRUCTM 2 ESTRELLAS C.M.A.S.
REGIONAL INSTRUCTOR a MONITEUR 3 ETOILCS 3 STAR INSTRUCTOR INSTRUCTM 3 ESTRELLAS C.H.A.S.
IRLANOE • IRELAND • I PLANCA : IRISH UNOCRUATCR COUNCIL
TRAINEE OIVCR a PLONGEUR 1 ITOUI t STAR OIVCR BUCCAOM 1 ESTRELLA C.H.A.S.
CU» OIVCR a PLONGIUR Z CTOILCS Z STAR OIVCR BUCCAOM Z ESTRELLAS C.H.A.S.LEADING OIVER a PLONGIUR 3 ETOILES 3 STAR OIVER BUCCAOM 3 ESTRELLAS C.H.A.S.
l STAR INSTRUCTOR a MONITEUR 1 ETOILE t STAR INSTRUCTOR INSTRUCTOR t ESTRELLA C.H.A.S.Z STAR INSTRUCTOR a MONITEUR Z ETOILES Z STAR INSTRUCTOR INSTRUCTM Z ESTRELLAS C.H.A.S.3 STAN INSTRUCTOR a MONITEUR 3 ETOILCS 3 STAR INSTRUCTOR INSTRUCTOR 3 ESTRELLAS C.H.A.S.
ISRAEL : FEDERATION FOA UNDERWATER ACTIVITIES IN ISRAEL
1 STAR OIVER a PLONGIUR 1 ETOILE 1 STAR OIVCR BUCCAOM 1 ESTRELLA C.H.A.S.
Z STAR OIVCR a PLONGIUR Z ETOILCS Z STAR OIVER BUCCAOM Z ESTRELLAS C.M.A.S.3 STAR OIVCR a PLONGEUR 3 ETOILCS 3 STAR OIVER BUCCAOM 3 ESTRELLAS C.M.A.S.
Z STAR INSTRUCTOR a HONITCUR Z ETOILES Z STAR INSTRUCTOR INSTRUCTOR Z ESTRELLAS C.H.A.S.
3 STAR INSTRUCTOR a HONITCUR 3 CTOILCS 3 STM INSTRUCTOR INSTRUCTOR 3 ESTRELLAS C.H.A.S.
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iHLit ■ italy • mu* I fcocratione italica pella plica sportiva c attivita subacouee
PLOMCCUH Ur MORE ■ PLONGEUR 1 ETOILE 1 STAR OIVCR BUCEAOOR 1 ESTRELLA C.M.A.S,
PLONGEUR ftw WMl « PLONOCUR 2 CTOILCS 2 STAR OIVCR BUCCAOM 2 ESTRELLAS C.H.A.S.
PI OMII Ui) Um» WCH • PLONGEUR 3 CTOILCS 3 STAR OIVCR BUCCAOOR 3 ESTRELLAS C.H.A.S.
INSTRUCTCUR O’IHHCHSIOM 1 • OCORC • MONITEUR 1 ETOILE 1 STAR INSTRUCTOR INSTRUCTM 1 ESTRELLA C.H.A.S.
INSTRUCTEUR O'lHMEPSION 2 * DEGRE • MONITEUR 2 CTOILCS 2 STAR INSTRUCTOR INSTRUCTM 2 ESTRELLAS 

INSTRUCTOR 3 ESTRELLAS C.M.A.S.
INSTRUCTUM O'lMHCRSION 3 * DEGRE • MONITEUR 3 CTOILCS 3 STAR INSTRUCTOR C.H.A.S.
JAPON • JAPAN ! riDCRATION JAPONAISE DCS ACTIVITES SUOAOUATIOUCS
1 STAR OIVCR 1 PLONGIUR 1 ETOttt 1 STAR OIVER BUCEAOOR 1 ESTRELLA C.H.A.S.
1 STAR OIVER t PLONGEUR 2 ETOILES 2 STAR DIVCR BUCCAOOR 2 ESTRELLAS C.M.A.S.
J STAR OIVCR • PLONGEUR 3 CTOILCS 3 STAR OIVCR BUCCAOOR 3 ESTRELLAS C.H.A.S.
t STAR INSTRUCTM ■ MONITEUR 1 ETOILE 1 STAR INSTRUCTOR INSTRUCTOR 1 ESTRELLA C.H.A.S.
2 STAR INSTRUCTOR • MONITEUR 2 CTOILCS 2 STAR INSTRUCTOR INSTRUCTOR 2 ESTRELLAS C.H.A.S.
3 STAR INSTRUCTOR ■ MONITEUR 3 ETOILES 3 STAR INSTRUCTOR INSTRUCTOR 3 ESTRELLAS C.M.A.S.
LIECHTENSTEIN j LIECHTENSTEINER TAUCHSPMT VC PI ANO
BREVET 1 ETOILE ■ PLONGEUR t ETOILE 1 STAR DIVCR BUCERUM 1 ESTRELLA C.M.A.S.BREVET 2 ETOILCS ■ PLONGEUR 2 ETOILCS 2 STAR OIVER BUCEAOOR 2 ESTRELLAS C.H.A.S.
LUXEMBOURG • LUCENSURSO : FEDERATION LUXEMBOURGEOISE DES ACTIVITES SUBAOUATIOUCS
PLANCI UR Ur OCCRC * PLONGEUR 1 ETOILE t STAR OIVER BUCEAOOR 1 ESTRELLA C.H.A.S.
PLONCCUR Um OECRC • PLONGEUR 2 ETOILES 2 STAR OIVCR RMCF.AOM 2 ESTRELLAS C.H.A.S.
PLONCCUR UM» OCCRC ■ PLONGEUR 3 CTOILCS 3 STAR OIVER BUCCAOM 3 ESTRELLAS C.H.A.S.
HONITCUR Ur OCCRC • MONITEUR t ETOILE 1 STAR INSTRUCTOR INSTRUCTOR 1 ESTRELLA C.H.A.S.
HONITCUR UM OCCRC • MONITEUR 2 ETOILCS 2 STAR INSTRUCTOR INSTRUCTOR 2 ESTRELLAS C.H.A.S.HONITCUR Um DEGRE • MONITEUR 3 ETOILES 3 STAR INSTRUCTOR INSTRUCTOR 3 ESTRELLAS C.H.A.S.
HALTE • HALIA : FEDERATION OF UNOCRUATCR ACTIVITIES
CLEHCNTARV GRADE • PLONGEUR 1 ETOILE t STAR OIVER BUCCAOM 1 ESTRELLA C.H.A.S.
INTERMEDIATE GRAOC t PLONGEUR 2 CTOILCS 2 STAR OIVER BUCCAOM 2 ESTRELLAS C.H.A.S.ADVANCED GRADE ■ PLONGEUR 3 ETOILES 3 STAR OIVER BUCEAOOR 3 ESTRELLAS C.H.A.S.
1 STAR INSTRUCTOR a MONITEUR 1 ETOILE 1 STAR INSTRUCTOR INSTRUCTM 1 ESTRELLA C.H.A.S.2 STAR INSTRUCTOR a MONITEUR 2 ETOILES 2 STAR INSTRUCTOR INSTRUCTM 2 ESTRELLAS C.H.A.S.
3 STAR INSTRUCTOR a MONITEUR 3 ETOILES 3 STAR INSTRUCTM INSTRUCTM 3 ESTRELLAS C.H.A.S.
ILE MAURICE • MAURITIUS ISLANO • ULA NAURICIA : THE MAURITIUS UNDERWATER GROUP
3rd CLASS DIVCR a PLONGEUR 2 ETOILES 2 STAR OIVER BUCCAOM 2 ESTRELLAS C.H.A.S.2nd CLASS OIVCR a PLONGEUR 3 ETOILES 3 STAR OIVER BUCCAOM 3 ESTRELLAS C.H.A.S.
MEXIQUE • MEXICO : FEDERACION MEXICANA OE ACTIVIOAOCS SUBACUATICAS
BUCCAOOR JUVCNIl a PLONGEUR 1 ETOILE t STAR OIVCR BUCCAOM 1 ESTRELLA C.H.A.S.BUCCAOM a PLONGEUR 2 ETOILES 2 STAR OIVCR BUCCAOM 2 ESTRELLAS C.H.A.S.BUCCAOM OC PRIMERA a PLONGEUR 3 ETOILES 3 STAR OIVER BUCCAOM 3 ESTRELLAS C.H.A.S.
ASSISTANT INSTRUCTOR a HONITCUR t ETOILE 1 STAR INSTRUCTOR INSTRUCTM 1 ESTRELLA C.M.A.S.MONITOR a MONITEUR 2 ETOILES 2 STAR INSTRUCTOR INSTRUCTM 2 ESTRELLAS C.H.A.S.INSTRUCTOR • MONITEUR 3 ETOILES 3 STAR INSTRUCTM INSTRUCTOR 3 ESTRELLAS C.M.A.S.
MONACO ! CUIS OE CHASSE CT O'CXPLOAATION SOUS-MAAINC
PLONGEUR T ETOILE a PLONCCUR 1 ETOILE 1 STAR DIVER BUCEAOOR 1 ESTRELLA C.H.A.S.PLONGEUR 2 nOllCS a PLONGEUR 2 ETOILES 2 STAR OIVER BUCCAOM 2 ESTRELLAS C.H.A.S.PLONGEUR 3 ETOILES a PLONGEUR 3 ETOILES 3 STAR OIVER BUCERUM 3 ESTRELLAS C.M.A.S.
NMVCGE • NORWAY • NORuEGA : NORGES OVKKCFMBUND
PLONGEUR SPMTIF NORDIQUE a PLONGEUR 2 ETOILES 2 STAR OIVER BUCCAOM 2 ESTRELLAS C.H.A.S.PLONGEUR OE Um CLASSE a PLONGEUR 3 CTOILCS 3 STM OIVCR BUCCAOM 3 ESTRELLAS C.H.A.S.
t STAR INSTRUCTM a MONITEUR 1 ETOILE 1 STM INSTRUCTM INSTRUCTM 1 ESTRELLA C.M.A.S.2 STAR INSTRUCTM a MONITEUR 2 ETOILES 2 STM INSTRUCTM INSTRUCTM 2 ESTRELLAS C.H.A.S.3 STAR INSTRUCTM a MONITEUR 3 ETOILES 3 STM INSTRUCTM INSTRUCTOR 3 ESTRELLAS C.H.A.S.

NOUVCLLC-2CLANOC • NCV-lEAlANO • NUEVA-2CLAMA : NCU-2EALAMO UNOCRUATCR ASSOCIATION
BASIC SCUBA OIVER a PLONGEUR t ETOILE 1 STM DIVER BUCEAOOR 1 ESTRELLA C.H.A.S.AOVANCEO SCUBA OIVER a PLONGEUR 2 ETOILES 2 STAR OIVER BUCCAOM 2 ESTRELLAS C.H.A.S,CMCH OIVER a PLONGEUR 3 ETOILES 3 STAR OIVER BUCCAOM 3 ESTRELLAS C.M.A.S.Ut CLASS OIVCR a PLONGEUR 4 ETOILES 4 STAR OIVER BUCCAOM 4 ESTRELLAS C.H.A.S.
1 STAR INSTRUCTM a MONITEUR 1 ETOILE t STAR INSTRUCTOR INSTRUCTOR 1 ESTRELLA C.H.A.S.2 STAR INSTRUCTM a MONITEUR 2 ETOILES 2 STAR INSTRUCTOR INSTRUCTOR 2 ESTRELLAS C.H.A.S.3 STAR INSTRUCTM a MONITEUR 3 ETOILES 3 STM INSTRUCTOR INSTRUCTOR 3 ESTRELLAS C.M.A.S.
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POLOGAC • PALANA ■ POLONIA l POLI*It TOUAHZVSTUO TURVSTVC2N0 RRAJOZNAUCZt rARZAQ CLOUH» KQHISJA OtlALALHOiCI POOUflONU
BRCVCT IMP Ul (UII • PLONCCUR 1 CTOILC 1 STAR OIVCR BUCCAOOR I CSTRCLLA C.H.A.S.
SRCVCT HOVCN • PLONCCUR 2 CTOILCS 2 STAR DIVCR BUCCAOOR 2 CSTRCLLAS C.H.A.S.
milvi! iu»imiu» • PLONCCUR 3 CTOILCS 3 STAR OIVIR BUCCAOOR 3 CSTRCLLAS C.H.A.S.
HONITIUR 01 (LUI • HONITCUR 1 (TORI 1 STAR INSTRUCTOR INSTRUCTOR 1 CSTRCLLA C.H.A.S.
HONITIUR HOIOHAI • HONITCUR 2.CTOILCS 2 STAR INSTRUCTOR INSTRUCTOR 2 CSTRCLLAS C.H.A.S.
HONITCUR NATIONAL 1 HONITCUR 3 CTOILCS 3 STAR INSTRUCTOR INSTRUCTOR 3 CSTRCLLAS C.H.A.S.
SINGAPOUR • SINGAPORl : SINGAPORl UNOCRUATCR flOtRATION
1 ITAR OIVIR 1 PLONCCUR 1 (TORI t STAR OIVCR BUCCAOOR 1 CSTRCLLA C.H.A.S.
: STAR OIVCR • PLONCCUR 2 CTOILCS 2 STAR OIVIR BUCCAOOR 2 CSTRCLLAS C.H.A.S.
3 STAR DIVCR • PLONOCUR 3 CTOILCS 3 STAR DIVCR BUCCAOOR 3 CSTRCLLAS C.H.A.S.
1 STAR INSTRUCTOR • HONITCUR I CTOILC 1 STAR INSTRUCTOR INSTRUCTOR 1 (''ACILA C.H.A.S.
? STAR INSTRUCTOR • HONITCUR 2 CTOILCS 2 STAR INSTRUCTOR INSTRUCTOR 2 CSTRCLLAS C.H.A.S.
) STAR INSTRUCTOR ■ HONITCUR 3 CTOILCS 3 STAR INSTRUCTOR INSTRUCTOR 3 CSTRCLLAS C.H.A.S.
SUCOC • SUCNOCN • SUTOR : SVCNSKA SPORTOVKARPORBUNMT
PIONCIUR SPORTIP NOADIOUC • PLONCCUR 2 CTOILCS 2 STAR OIVCR BUCCAOOR 2 CSTRCLLAS C.H.A.S.
PLONCCUR OC Ur* CLASSC ■ PLONCCUR 3 CTOILCS 3 STAR OIVCR BUCCAOOR 3 CSTRCLLAS C.H.A.S.
1 STAR INSTRUCTOR • HONITCUR 1 CTOILC 1 STAR INSTRUCTOR INSTRUCTOR 1 CSTRCLLA C.H.A.S.
! STAR INSTRUCTOR • HONITCUR 2 CTOILCS 2 STAR INSTRUCTOR INSTRUCTOR 2 CSTRCLLAS C.H.A.S.
3 STAR INSTRUCTOR • HONITCUR 3 CTOILCS 3 STAR INSTRUCTOR INSTRUCTOR 3 CSTRCLLAS C.H.A.S.
SUISSC • SUI TUAL ANO • SUIZA : PCOCRATION SUISSC MS SPORT' SUBAOUATIOUCS
BRCVCT (LCHCNTAIRC • PLONCCUR 1 CTOILC 1 STAR OIVCR BUCCAOOR 1 CSTRCLLA C.H.A.S.
AOIVCT l«r CCHCLON • PLONCCUR 2 CTOILCS 2 STAR DIVCR BUCCAOOR 2 CSTRCLLAS C.H.A.S.
BRCVCT 2»m CCHCLON t PLONCCUR 3 CTOILCS 3 STAR OIVCR BUCCAOOR 3 CSTRCLLAS C.H.A.S.
HONITCUR 1 CTOILC • HONITCUR 1 CTOILC 1 STAR INSTRUCTOR INSTRUCTOR 1 CSTRCLLA C.H.A.S.
HONITCUR Z CTOILCS • HONITCUR 2 CTOILCS 2 STAR INSTRUCTOR INSTRUCTOR 2 CSTRCLLAS C.H.A.S.
HONITCUR 3 CTOILCS • HONITCUR 3 CTOILCS 3 STAR INSTRUCTOR INSTRUCTOR 3 CSTRCLLAS C.H.A.S.
TCHCCOSLOVAOUIC • CZCCHOSLOVAK 1A ■ CMCCOS.OVAOUIA : SVAZ POTAPCCU CCSKOSLOVCNSKA CZCCHOSLOVAK OIVCRS ASSOCIATION
INSICNC OC IRONZC • PLONCCUR 1 CTOILC 1 STAR OIVCR BUCCAOOR 1 CSTRCLLA C.H.A.S.INSICNC O'ARGCNT • PLONCCUR 2 CTOILCS 2 STM DIVCR BUCCAOOR 2 CSTRCLLAS C.H.A.S.
INSICNC COR • PLONCCUR 3 CTOILCS 3 STAR OIVCR BUCCAOOR 3 CSTRCLLAS C.H.A.S.
HONITCUR Um CLASSC ■ HONITCUR 1 CTOILC I STM INSTRUCTOR INSTRUCTOR 1 CSTRCLLA C.H.A.S.HONITCUR Um CLASSC • HONITCUR 2 CTOILCS 2 STAR INSTRUCTOR INSTRUCTOR 2 CSTRCLLAS C.H.A.S.
HONITCUR Ur# CLASSC ■ HONITCUR 3 CTOILCS 3 STAR INSTRUCTOR INSTRUCTOR 3 CSTRCLLAS C.H.A.S.
TONISII - TUNISIA • TUNCZ : VACHTING CLUB OC TARANUI
BRCVCT (LCHCNTAIRC • PLONCCUR 1 CTOILC t STAR DIVCR BUCCAOOR 1 CSTRCLLA C.H.A.S.Ur CCHCLON • PLONCCUR 2 CTOILCS 2 STAR OIVCR BUCCAOOR 2 CSTRCLLAS C.H.A.S.Um CCHCLON • PLONCCUR 3 CTOILCS 3 STM OIVCR BUCCAOOR 3 CSTRCLLAS C.H.A.S.
HONITCUR AUXILIMC • HONITCUR 2 CTOILCS 2 STM INSTRUCTOR INSTRUCTOR 2 CSTRCLLAS C.H.A.S.
HONITCUR PCMRAL • HONITCUR 3 CTOILCS 3 STM INSTRUCTOR INSTRUCTOR 3 CSTRCLLAS C.H.A.S.
CTATS-UNIS • UNI UO STATCS OP AMNICA • CSTA90S WINS : V.H.C.A.
BRONZC STM OIVCR • PIONCIUR T CTOILC 1 STAR OIVCR BUCCAOOR 1 CSTRCLLA C.H.A.S.SILVCR STM OIVCR • PLONCCUR 2 CTOILCS 2 STM OIVCR BUCCAOOR 2 CSTRCLLAS C.H.A.S.COLO STM DIVCR • PlONCtUI 3 CTOILCS 3 STM DIVCR BUCCAOOR 3 CSTRCLLAS C.H.A.S.
SCUIA UACNINS ASSISTMT • HONITCUR 1 CTOILC t STM INSTRUCTOR INSTRUCTOR 1 CSTRCLLA C.H.A.S.ASSISTANT INSTRUCTOR • HONITCUR 2 CTOILCS 2 STAR INSTRUCTOR INSTRUCTOR 2 CSTRCLLAS C.H.A.S.SCUBA INSTRUCTOR • HONITIUR J CTOILCS 3 STM INSTRUCTOR INSTRUCTOR 3 CSTRCLLAS C.H.A.S.
VCNCZUCLA ! FCOCRADION VCNCZOLANA OC ACTIVIDAOCS SUBMARIHAS
BUCCAOOR IASICO • PLONCCUR 2 CTOILCS 2 STM OIVCR BUCCAOOR 2 CSTRCLLAS C.H.A.S.BUCCAOOR AVMZAOO • PLONCCUR 3 CTOILCS 3 STM OIVCR BUCCAOOR 3 CSTRCLLAS C.H.A.S.
INSTRUCTOR t CSTRCLLA • HONITCUR 1 CTOILC 1 STAR INSTRUCTOR INSTRUCTOR 1 CSTRCLLA C.H.A.S.INSTRUCTOR Z CSTRCLLAS • HONITCUR 2 CTOILCS 2 STM INSTRUCTOR INSTRUCTOR 2 CSTRCLLAS C.H.A.S.INSTRUCTOR 3 CSTRCLLAS • HONITCUR 3 CTOILCS 3 STM INSTRUCTOR INSTRUCTOR 3 CSTRCLLAS C.H.A.S.
VOI'OSLAVIC : SAVII ZA P0VO3NC AXTIVNOSTI 1 SPORTSKI RIBOLOV NA HONU SPA JUGOSLAVIA
PLOP CUR 1 CTOILC • PLONCCUR 1 CTOILC 1 STM OIVCR BUCCAOOR 1 CSTRCLLA C.H.A.S.Pii'* AIR 2 CTOILCS • PLONCCUR 2 CTOILCS 2 STM OIVCR BUCCAOOR 2 CSTRCLLAS C.H.A.S.PLONCCUR 3 CTOILCS • PLONCCUR 3 CTOILCS 3 STM DIVCR BUCCAOOR 3 CSTRCLLAS C.H.A.S.
HONITCUR 1 CTOILC • HONITCUR 1 CTOILC 1 STAR INSTRUCTOR INSTRUCTOR 1 CSTRCLLA C.H.A.S.HONITCUR 2 CTOILCS • HONITCUR 2 CTOILCS 2 STM INSTRUCTOR INSTRUCTOR 2 CSTRCLLAS C.H.A.S.HONITCUR 1 CTOILCS • HONITCUR 3 CTOILCS 3 STM INSTRUCTOR INSTRUCTOR 3 CSTRCLLAS C.H.A.S.
ZIHBMUC : 2IHBABUC UNOCRUATCR DIVCR'S ASSOCIATION
3 STM OIVCR • PLONCCW 2 CTOILCS 2 STM OIVCR BUCCAOOR 2 CSTRCLLAS C.M.A.S.2 STM OIVCR • PIOHGCUR 3 CTOILCS 3 STM OIVCR BUCCAOOR 3 CSTRCLLAS C.M.A.S.
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APPENDIX 8. ADDRESSES OP SCIENTIFIC DIVING ASSOCIATIONS

Note: The following addresses refer to organisations which are exclusively 
devoted to the pursuit of scientific research using diving. They are 
professional societies or associations whose membership is drawn from research 
laboratories and universities. The list does not include biomedical research 
into diving physiology. Many national sports diving Federations have 
scientific committees, usually involving professional scientists, which exist 
to encourage fieldwork by volunteers and students. Such committees are not 
listed in this Appendix. The addresses of national diving federations can be 
obtained from the CMAS Year Book, published by CMAS, 34, rue du Colisée, Paris 
75008, France.

American Academy of Underwater Sciences: 947 Newhall Street, Costa Mesa, 
California 92627, USA.

Barologia, South African Society for Underwater Science, c/o National Research 
Institute for Oceanology, PO Box 320, Stellenbosch 7600, South 
Africa.

Canadian Association of Underwater Sciences, c/o R. Sparks, UBC Diving
Operations Office, Room 155A, Auditorium Annex 1924, West Mali, 
University of British Columbia, Vancouver, BC, Canada V6T 1W9.

Centre Universitaire International de Plongée Scientifique, c/o Professeur
Gaston Fredj, Department of Biological Oceanography, University of 
Nice, 28 Avenue de Valrose, 06034 Nice Cedex, FRANCE.

CMAS Scientific Committee, 34 rue du Colisée, Paris 75008, France.

Colirapha, c/o Alain Coûté, Laboratoire de Cryptogamie, 12 rue de Buffon,
Paris 75005, France.

Comitato Italiano Ricerche Studi Subacquei, c/o Victor de Sanctis, Via 
Sellaria 50, Pistoia, Italy.

Underwater Association for Scientific Research, c/o Dr. Richard Pagett,
Wimpol Ltd., Hargreaves Road, Groundwell Industrial Estate, 
Swindon, Wiltshire, SN2 5AZ, England.
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APPENDIX 9. MEDICAL FORMS AND WAIVER FORMS

This Appendix utilizes the medical guidelines of the AAUS, CAUS and 
UASR to set down a suggestion for two levels of medical certification for 
diving; Class II and Class I. This format of two different levels has a 
basis in current practice at some institutions, but is not widely formalized 
at present. Generally the requirements of the Class II would be less 
stringent than those of the Class I. For example, the fitness requirement 
for a Class II would be a time/distance snorkel swim of 800 meters in 16 
minutes using mask, fins, snorkel and an ABU, or alternatively a Master's 
Step Test. For a Class I a similar snorkel swim would be required, but would 
be supplemented with a sub-maximal stress tec: on a bicycle ergometer or 
treadmill with a three lead ERG.

These examples of tests would be appropriate for the Class II. A 
somewhat more stringent series of tests would be required for the Class I, 
and would be supplemented with a standard oxygen tolerance test and a long 
bone X-ray series. The duration of validity of the Class II would be 12 
calendar months, and of the Class I, 6 calendar months.

It may well be that the current basic or Class II standard will remain 
adequate for the bulk of scientific diving.

A check-sheet should be developed based on the medical guidelines
noted.

Example 1................................p.217

Example 2................................p.222

Example 3................................p.226
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EXAMPLE 1

TUE UNIVERSITY OP BRITISH COLUMBIA 
Diving Programmo

Information Shoot Cor Medical Examinera

Testa Cor Medical Authorisation

Tost
Initial

Examination
Subsequent
Examination

Visual Acuity X X
Color Blindness X
Hearing X X
Fitness Evaluation X X
ECG (a) (b)
Urlnanalysis X X
Chest X-ray X (b)
Hematocrit or Hemoglobin X X
Sickle Cell Index (b)
White Cell Count X X

(a) over 40 years of age or if clinically indicated
(b) only if clinically indicated 1

1. Clarification of Testa

A. Ophthalmology. Standard visual acuity and color blindness 
tests shall be given. Personnel with uncorrected vision greater 
than 20/80 shall require corrective lenses.

B. E.N.T. An extensive E.N.T. examination shall be given
and shall include observed movement of the drum during Valsalva 
manuever. Hearing shall be 'conversationali; adequate'.

C. Fitness. A fitness evaluation will be conducted by the UBC
Diving Officer and the results entered on the Physical 
Examination Fora (see Item 18). ,

D. ECG. A standard 12 lead ECO shall be given to individuals 
over 40 years of age of if clinically indicated.

E. Urology. A standard urlnanalysis shall be performed for ali 
personnel.

F. Hematology. Standard hematocrit or hemoglobin and white cell 
count shall be performed for ali divers. A sickle cell index 
shall be performed upon initial examination for divers of known 
negroid descent.

C. Radiology. A full inspiration, posterior chest x-ray shall be 
done on initial examination of ali divers and when clinically 
in Heated.
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II. Additional Tou en. Tile touts in this list are minimum tests 
for University Medical Authorization for Diving. Additional 
testa shall bo donu at tha University Diving Modioli Officer's or 
examining physician's discretion.

2. Disqualifying and Limiting Factors far Diving 
The following factors shall disqualify personnel from diving or limit their 
exposure to diving depending on severity, presence of residual effects, 
response to therapy, number of occurrences, and diving mode, tn ali cases, 
final responsibility and authority for medically authorizing personnel to 
enguge in diving activity shall rest with the University Diving Medical 
Officer.

Systom Disqualifying Factors Allowable Factors

General Gross obesity
Impaired exercise 
tolerance.

(See 1C.)

E.N.T. Perforated eardrums.
Chronic otitis media or 
mastoid operation.
Chronic destruction of 
sinuses or eustachian 
tubes. Inability to 
clear ears.

Healed perforations. Successful 
tympanoplasty. Unilateral nasal 
block. Sinusitis if not adversely 
affected by diving, but not if of 
infective origin.

Oral
Cavity

Oral disease.
Bad teeth and fillings.

Dentures should extend to mucobuccal 
fold and should be retained in place 
in ali Jaw positions. Partial 
plates should not be retained during 
diving.

Respir
atory

Any chronic lung disease, 
past or present.
Any recent history of 
bronchial asthma requiring 
treatment. Emotionally- 
induced asthma. History 
of pneumothorax.

Mild chronic bronchitis (smoker?) 
without emphysema or important 
airways obstruction if exercise 
tolerance, spirometry, and CXR 
normal. Healed primary focus 
tuberculous scars in established 
divers or crainees. Bronchial 
asthma, if clinically normal between 
attacks and exercise tolerance 
normal.

Cardio
vascular

Heart disease.
Hypertension. Systolic BP 
over 150 mm Kg. . Diastolic
BP over 90 -n II". (100 r.n Hg 
if aged over 35)

Minor asymptomatic heart disease 
other than ischaemic with special
ist referral and approval.
Varicose veins (if severe, caution 
must be observed using dry suit). •
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PHYSICAL EXAMINATION FORM 
(thio aide to be completed by medical ataff)

A. Nurotnn Station;
Height __________ (ina.) Weight __________  (lbs.) Vision: Right Rye Left Eye
Blood Pressure Pulso ___________ Uncorrectod ______ ____ _______

Corrected _________ _______
Color vision _________ *

B. Medical History:
Is there a significant post history which would disqualify the applicant from diving?

Yes_____ No______
Ramsrks :____________________________________,___________________________

C. Examination; (please check the following items; If abnormal, give details below)

General appearance 
(including obesity, gross 
defects, postural 
abnormal ities).........................

Normal Abnor.
11.
12.
13.

Inguinal rings (males)....
Genitalia (males).................
Anus and rectum (if 
indicated) ................... ..

Normal Abnor

Head and neck........................... , 14. Extremities..............................
Eyes............................ .................. , 15. Skin (eruptions or
Nose and sinuses.............. reactions)......... .................... ..
Ears (including hearing, 16. Neurologic................. ............ ..
otitis, perforation)......., 17. Psychiatric (Including
Mouth and throat..................... apparent motivation for
Spine............. ............................... diving, emotional
Lungs and chest....................... stability claustrophobia).
Heart............................................. 18. Fitness.......................................

Diving Officer Signature Date
Explanation of abnormalities:

D. Test Résulta (See Information Sheet for Medical Examiners)
Chest X-Ray ___________ Hemoglobin/Hematocrit______ Urinanlysis______
12 lead ECG______________ WBC _________________ •______ Sickel cell screen

E. Pinal Iapreaalon; (circle one)
Approval: I find no defects which I consider Incompatible with diving.
Conditional Approval: I do not consider diving in this person's best interest, but find

no defects which present marked risk. I have discussed my 
impression with him/her.

Disapproval: This applicant has defects which in my opinion clearly would con
stitute unacceptable hazards to his/her health and safety in 
diving.

Signature of examining physician Date
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THE UNIVERSITY OF BRITISH COLUMBIA 
Diving Programme

MEDICAL HISTORY AND EXAMINATION FORM 
(this side to be completed by applicant)

Name 
Address, 
MSP____'

Ago_____ Sox

Family Physician

Datu__
Phono

1. Have you had previous experience In
diving? Yes_____  No _____

2. When driving through mountains or 
flying do you have trouble equalizing 
pressure in your ears or sinuses?
Yes_____ No _____

3. Have you ever been rejected for 
service I employment, or insurance
for medical reasons? (if yes, explain 
under "Remarks" or discuss '«rich doctor) 
Yes No _____

4. When was your last physical examination?
Date Results

5. When vas your last chest X-ray?
Date Results

6. Have you had an electrocardiogram?
Date Results

7. Have you had an electroencephalogram?
Date Results________________

Q. Do you smoke? Yes No
If so, how much _________________

(Check che blank if you have, or ever had, 
any of che following» Explain under 
"Remarks" or discuss with doctor.)

9. ___ Frequent colds or sore throat.
10. ___ Hay fever or sinus trouble.
11. ___ Trouble breaching through nose

(other than during colds).
12. ___  Painful or running ear, mastoid

trouble, broken eardrum.
13. ___  Hard of hearing.
14. ___  Asthma or bronchitis.
15. ___  Shortness of breath after

moderate exercise.
16. ___ Pleurisy.
17. ___  Collapsed lung (pneumothorax)
18. ___ Chest pain or persistent cough.
19. ___ Tire easily.
20. ___  Spells of fast, irtegular, or

poueding heartbeat.
21. _____ High or low blood pressure.

22. _____ Any kind of "heart trouble •
23. ___ Fret|uent upset stomach, heartburn

or indigestion, peptic ulcer,
24. _____ Frequent diarrhea or blood in stool.
25. ___ Anemia or (females) heavy

menstruation
26. ___ Belly or backache lasting moro than

a day or two.
27. _____ Kidney or bladder disease; blood,

sugar or albumin in urine.
28. _____ Broken bone, serious sprain or strain

dislocated joint.
29. ___ Rheumatism, arthritis, or other joint

trouble.
30. _____ Severe or frequent headaches.
31. ___ Head injury causing unconsciousness.
32. ___  Dizzy spells, fainting spells or fits.
33. _____ Trouble sleeping, frequent nightmares

or sleepwalking.
34. ____ Nervous breakdown or periods of marked

nervousness or depression.
35. ____ A phobia for closed-in soaces, large

open places, or high placés.
36. ___ Any neurological or psychological

conditions.
37. ___  Train, sea or air sickness, nausea.
38. ___ Alcoholism or any drug or narcotic

habit (including regular use of 
sleeping pills, benzedrine, etc.)

39. ___ Recent gain or loss of weight or
appetite.

40. ___  Jaundice or hepatitis.
41. ____ Tuberculosis.
42. _____ Diabetes
43. ____ Rheumatic fever
44. ___  Dental bridgework or plates.
45. ____ Susceptibilty to panic.
46. _____ Pain from altitude or flying,
47. ____ Surgery.
48. Any serious accident. Injury or 

illness noe mentioned above (describe 
under "Remarks", give daces).

49. _____ In what sports or exercise do you
regularly eng .age: ____________ _______

REMARKS:

■f
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System

Abdomen,
G.U.S.

Limba

Endocrine

Central
Nervous
System

Hematology

Additional

Disqualifying Factors

Proteinuria until cause 
established. Gross abnorm
alities of renal tract.
Pregnancy.

Disease, amputation or 
deformity excessively 
limiting ability to swim.
Juxtu-articular osteo
necrosis.

Insulin-requiring diabetes.

Severe stammering.
Epilepsy, Including post- 
traumatic fits. Cranial 
surgery. Any sarious head 
injury in the past two years 
or head injury with sequelae.

Hemoglobinopathies.

Malignancies (active). Malignancies created and without
Impaired organ function recurrence for five years,
causud by alcohol or drug 
use.
Conditions requiring 
continuous medication for 
control.
Vestibular end organ 
destruction.

Allowable Factors

Peptic ulcer, unless unduly active 
or troublesome. Abdominal hernias 
(advise repair).

Arthritis or arthrodesis noe 
markedly limiting ability to swim 
or rescue others.

Must present an acceptable EEC.
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EXAMPLE 2

Memorandum for Medical Officers

The certification of a man to be fit to dive implies that he is both physically and psychologically 
healthy, A diver may have to undergo physical strain under adverse conditions and upon his 
reaction to an emergency may depend not only his own life but aiso the lives of others. During 
the examination he should be carefully observed for psychological defects,

A certificate of fitness should not be given when a man is undergoing treatment for any acute 
condition.

Please record the results of your examination in SI units where applicable.

Please use a bail-point pan when filling in this form.

The following conditions disqualify a man from diving:
1. Most skin disorders. Saturation divers are particularly prone to intertrigo and otitis externa.
2. Excessive obesity.
3. Inability to clear the ears.
4. Perforated eardrum, chronic otitis or mastoid operation.
5. Chronic obstruction of the Eustachian tubes or sinuses.
6. Any chronic lung disease, past or present; bronchial asthma; history of pneumothorax.
7. Heart disease, essential hypertension.
8. Chronic gastro-intestinal disease (e.g. peptic ulcers).
9. Hernia.
10. Gross abnormality of the renal tract.
11. Epilepsy; severe head injury; cranial surgery; disease of the central nervous system.
12. Severe hearing or visual defects.
13. Diabetes.
14. Sickle cell trait.
15. Psychiatric disorder.
16. Severe stammering.

The Health and Safety Executive issue a document entitled: "Recommendations on Medical 
Examination of Divers: Information for Examining Doctors". Amongst other things this refers 
to long-bone and joint X-rays. These should be taken in accordance with the recommended 
techniques of the M.R.C. Decompression Sickness Panel. A copy of this document entitled 
"Radiological Skeletal Survey for Aseptic Necrosis of Bone in Divers and Compressed Air 
Workers: Recommended Technique" is available from the M.R.C. Decompression Sickness 
Central Registry, 21 Claremont Place, Newcastle upon Tyne, NE2 4AA.

Please send the yellow copies of completed forms, and the bone and joint X-ray films, to the 
Registry in Newcastle.
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MEDICAL CERTIFICATE. CODE OF PRACTICE FOR SCIENTIFIC DIVING

Name : Address :

Doto of Birth:

Number of years diving:

PARTI. TO BE PUTTO THE CANDIDATE BY THE EXAMINING DOCTOR
Have you suffered at any time from any of tho fallowing ?
Answer YES or NO, If YES, give details in space at bottom of pege.

1. Earache, or ear discharge ....................................................................................

2. Sinus trouble, nose bleeds, hay fever....................................................................

3. Any lung disease, bronchitis or asthma..................................................................

4. Disease oftha heart & circulation including high blood pressure ..........................

5. Fits, recurrent headaches or any nervous disorder..................................................

6. Blackouts or fainting attacks, concussion ...........................................................

7. Diabetes .............................................................................................................

8. Peptic ulcer : hernia, gastro-intestinal affections..................................................

9. Do you wear dentures? ......................................................................................

10. Do you smoke?....................................................................................................

11. Have you any physical disability or abnormality ?..................................................

12. Have you ever been admitted to hospital ?............................................................

IfYES.forwhat reason?......................................................................................

13. Areyoutaking (orrecentlytaken) any tablets or any other treatment?...................

14. Any diving injury, including damaged ear drums, decompression sickness, etc ? 

15. Date of last medical examination..........................................................................

16. Date of last Chest X-Ray.......................................................................................

Details :.........................................................................................................................

I declare the above answers to be true and that I have omitted nothing that might be relevant to my 
fitness for diving.

Signature :....................................................................................................  Date :......................
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MEDICAL CERTIFICATE. CODE OF PRACTISE FOR SCIENTIFIC DIVING

PART 2. TO BE COMPLETED BV EXAMINING DOCTOR

Condi........

Canal........

Height :.....................................

Ears : R Drum.............................

LDrum.............................

Sinuses :........................................................

Teeth and gums :............................................

Chest movements :.........................................

Lung Fields: ................................................

Heart sounds:..............................................

Pulse.................................... Blood pressure,.,,

Abdomen :......................................................

Central nervous system :.................................

Weight:.................................kg,

............... Valsalva......................

............... Valsalva......................

Chest expansion (cm3)..

..................Apex beat..

.Hernial orifices...........

SPECIAL INVESTIGATIONS
1. Full Plate Chest X-Ray:.................................................................................

2. Exercise tolerance (See information nota)..................................................

3. Urine: Sugar.......................................... 4. Peak Expiratory Flow :......
, (if available)

Albumen......................................

Blood..........................................

Ketones.....................................

If facilities allow the following are recommended in addition :

1. Exercise ECG (on first examination, annually thereafter if aged over 35 years)

2, FEV,.............................. FVC.............................. FEV,/FVC....................

REMARKS:.........................................................................................................

CERTIFICATE OF FITNESS
In my opinion the candidate is fit to carry out scientific or amateur diving activities.

Signature:....................... Qualifications:.... ....................................... Date:.

Address:.............................................................................................................
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MEDICAL CERTIFICATE. CODE OF PRACTICE FOR SCIENTIFIC DIVINS 
INFORMATION FOR NODICAL OFFICERS CONDUCTING 

EXAMINATÏON8 OF DIVERS
Particular attention should bo paid to tho ENT and Respiratory Systoms. It must bo borno In mind 
that diving may Involve moderately sovore oxoreina undor advorso conditions, Tho safoty of tho 
candidate and othors depends on his physical and psychological fltnons.

System
Gonoral

E.N.T.

Oral Cavity

Respiratory

Cardio
vascular

Abdomen,
G.U.S.

Limbs

Endocrine

Disqualifying Factors
Gross obesity.
Impaired, exercise tolerance. 
Perforated eardrums.
Chronic otitis media or mastoid 
operation.
Chronic destruction of sinuses or 
Eustachian tubes. Inability to cicar

Allowable Faotora and Othsr Pointa
(See noto bolow).

Healed perforations. Successful tympanoplasty. 
Unilateral nasal block. Sinusitis if not adversely 
effected by diving but not If of Infective 
origin). Valsalva test of drum mobility optional, 
and outweighed by practical diving test.

ears.
Dentures must be retained in place on fully opening the mouth and not be dislodged 
by placing jaws together in any position, or by movement of one denture against tho 
other. They should extend to the muco-buccal fold. Applicants should be advised 
about bad teeth and fillings. No firm advice as to whether an individual should or should 
not wear his dentures when diving is possible, but small dentures shoùld not be worn 
when diving.

Mild chronic bronchitis (smoker?) without 
emphysema or important airways obstruction 
if exercise tolerance, spirometry and CXR 
normal. Healed primary focus tuberculous scars 
in established divers or new recruits. Bronchial 
asthma, if clinically normal between attacks, 
and exercise tolerance normal.
Full-plate CXR required.
Minor asymptomatic heart disease other than 
ischaemic following specialist referral and 
approval.
Varicose veins (but if severe, caution against 
use of dry suit).

Any chronic lung disease, past or 
present (see opposite).
Any recent history of bronchial 
asthma requiring treatment.
History of pneumothorax. 
Emotionally-induced asthma (each 
casa should be judged on its merits).

Systolic B.P. over
Heart disease.
Hypertension.
150 mm Hg.
Diastolic B.P. over 90 mm Hg. 
(100 mm Hg if aged over 35).
Proteinuria until cause established. 
Gross abnormalities of renal tract 
Pregnancy.
Disease, amputation or deformity 
excessively limiting ability to swim. 
(Specialist'referral is advisable). 
Insulin-requiring diabetes.

Peptic ulcer, unless unduly active or trouble
some. Abdominal hernias (but advise repair).

Arthritis or arthrodesis not markedly limiting 
ability to swim or rescue others.

Central
Nervous
System

Severe stammering. To be judged on merit.
Epilepsy, including post-traumatic 
fits. Cranial surgery. Any serious
head injury in the past two years. Must present an acceptable EEG.

Note: Exercice Tolerance: A candidate must not fail to pass the following simple test :
After stepping up onto a chair 5 times in 5 seconds, the pulse-rate should return to the pre-exercise 
level in 45 seconds.
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EXAMPLE 3

WOODS HOLE OCEANOGRAPHIC INSTITUTION 

STATEMENT OF UNDERSTANDING 

To be completed by eli divers

1. Skin, SCUBA and eurface-aupplied diving ara physical activities Involving
heavy exertion. A diver must be In good general health, free from 
cardiovascular and respiratory disease, and have good exercise
tolerance. Evae momentary Impairment of consciousness underwater may be 
fatal.

2. While swimming or using skin, SCUBA, or surface-supplied diving 
equipment, the body Is subject to a variety of Influences that may become 
potentially hazardous. Some of these hazards include, but ara not 
limited to drowning, ruptured ear drums or sinuses, air embolism, 
decompression sickness (the ’bends'), and a variety of other barotrauma 
(pressure-related injuries).

3. There ara organisms in the water that may bite, sting, scratch, claw, or 
Inject substances into the body.

4. There ara other water related problems that include, but ara not limited 
to reduced visibility, rough water, strong currents, and cold temperature.

5. When diving from a boat a person may be subjected to bodily injury from
carelessness due to activity, or related to equipment handling, or from 
just being present on a boat at sea. .
Iƒ JM- . , .

b. The /individual diver must realize that he/is ultimately responsible for 
bia/own safety. It is clearly the diver's responslbllty to refuse to 
diva if, in his Judgment, conditions are unsafe.

Statement : I am in good physical and mental health and am free from
cardiovascular, respiratory, or other diseases or ailments, which 
could endanger me while diving.

I hereby voluntarily exempt and release
and Woods Hoia Oceanographic Institution, its Trustees, officers 
and employees, from liability for personal injury, property 
damage, or death, arising from diving instruction, diving 
activities or any activities incidental to diving operations.

Signed Date
Candidate '

Signed Date
Diving Supervisor "
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AI.I.MH (MEDICAL HIOTORY) TO ÜE KILLED IN UY CANDIDATE

1, SURNAME OTHER NAMES 3. DATE OFBIRTH
3. AODRESS

PHONE
4 sinoleD MARRIED □
S. SEX MALE □ FEMALE □

8. NEXT OF KIN ADDRESS
7, PRINCIPAL OCCUPATION
B. HAVE YOU ANY DISEASE OR OISAIILITV AT PRESENT? □ NO ID YES NAME OFCONOITION'
B. ARB YOU TAKING ANY TABLETS. 

MEDICINES OR OTHER DRUGS? □ NO □ YES TYPE OF
DRUG.

HAVE YOD EVER SUFFERED OA 00 YOU NOW f.'J'rëK FROM ANY OF THE FOLLOWING DISORDERS.
1 1 no Ives 1

IO. RHEUMATIC FEVER
11. SWOLLEN OR PAINFUL JOINTS
13. ANY HEART DISEASE
13. HIGH BLOOD PRESSURE 1
14. ABNORMAL SHORTNESS OF BREATH
1 B. BRONCHITIS OR PNEUMONIA
1 B. PLEURISY OR SEVERE CHEST PAINS Ul
17. COUGHING UP BLOOD
IB. TS (CONSUMPTION) 1
1 B. CHRONIC OR PERSISTE NT COUGH
20. PNEUMOTHORAX (COLLAPSED LUNGI
21. ASTHMA OR WHEEZING
22. ANY OTHER CHEST COMPLAINT OR CHfcST

INJURY OR OPERATION ON CHEST
23. HAYiIbVER " ’

.34, SINUSITIS , .
2B. ANY OTHER NOSE OR THROAT TROUBLE
2B. DEAFNESS OR RINGING NOISES IN EAR
27. DISCHARGING EARS OR OTHER INFECTION
28. OPERATIONS ON EARS
29. EYE OR VISUAL PROBLEMS
30. WEAR GLASSES
31. FAINTINÓ. BLACKOUTS. FITS OR EPILEPSY
32. SEVERE HEADACHES OR MIGRAINE
33. SLEEPWALKING OR FREQUENT NIGHTMARES
34. SEVERE DEPRESSION.
38. CLAUSTROPHOBIA
36. ANY OTHER MENTAL ILLNESS
37. KIOHIY OR BLAOOIR DISEASE ..
JE. DIABETES 1
at, INOMISTION OR PEPTIC ULCER40. V0MrKwTlLOD& OR RECTAL BLfEOWG
41. RECURRENT V0*4mF*G OR'OURAHOEA
XJ.JAUNlliSl OR MèPAnfllT T

44. VIMMill- n*—
Jyiif mllfHfWlldwt

44, HoWlA mlUflDlf '
47. 1 lliPiqrOTI CTjIl IriLll)
44. AHV ixà PBiMI

CU OR MEDIcinES-------- 1----
.

INJURY
si. any M*-*GR JOmt or Back injUNV-------------
i»."'ANvTW2fii*lI iIAA£(F7 ISMfi'i---------------
SB. ANY PANALYSia OR MUSCULA^ WEAKNESS
U. OENfUNU

«WUI m KAU! mi _

NOTES ON HISTORY
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MEDICAL HIÖTORY (CONPD)

I NO I YES
SB 00 YOU SMOKE ,
SB. APPROX NUMBER OP CIGARETTES A DAY .
BO. HAVE YOU EVER BEEN REJECTED POR I

INSURANCE I
01, HAVE YOU BEEN UNABLE TO WORK POR I

MIMICAL REASONS '
62 HAVE YOU EVER BEEN ON A PENSION 1
63. HaYe YÔO AkV DléAèlLITV WHEN PLYING ,

IN AIRCRAFT I
64 HAVE YOU EVER LIVED WITH A PERSON i

WITH T B 1
66 HAS aAV MdfaaÉR 6p YOUR FAMILY HAD T B '
66. OR ATTEMPTED SUICIOE ;
67. ÖA HAD MENTAL ILLNESS 1 1
68 OR FITS EPILEPSY 1
68. HAVE YOU ANY INCAPACITY OURINd ^UïïJoS . i
70. ar4 VAU now pRËSMAkf , !
n. HAVE YOU BEEN IN HOSPITAL OR A MENTAL i

INSTITUTE FOR ANY REASON !
72 HAVE YÖU HAD ANY OPERATIONS .
Ya. have You any other illness or injury

NOT MENTIONED IN THIS LIST

nous on Higronv

(FEMALES ONLY)

A1.2. OMH (DIVING MEDICAL HISTORY) TO SB COMPLETED SV CANDIDATE
1. APPROX DATE OF FIRST SNORKEL OIVE
2. APPROX DAfe oi! ARS? dÔMPRéSSEO AIR ISCUBAI DIVE
3. APPROX. NUMBER OF COMPRESSED AIR DIVES SINCE
4 GREATEST DEPTH OP ANY OlvÊ
S. LONGEST DURATION OF ANY DIVE
6. APPROX. OATE OF FIRST OIVE ON MIXED GASES IPRO DIVERS ONLYI
7 APT .OX. NUMBER OF DIVES ON MIXED GASES (PRO DIVERS ONLYI

HAVE YOU EVER SUFFERED. OR DO YOU NOW SUFFER FROM ANY OF 
THE FOLLOWING OlSOROERS RELATED TO DIVING» I

_NQ, ■YBS
B. SEVERE EAR SCUEEZE
B. RUPTURE OF ERRORUM

IO. DEAFNESS
11. GIOO<P<<BS OA DOZINSSS
U. SEVERE BINUS SQUEEZE
13. SEVERA LUNG SQUEEZE . -----1
14, RUPTUREOLUNGI BURST LUNGI
itf. ÉM^HVitMA III
16, PNEUMOTHORAX
ÏTÂU IWBÖLiU----------------------------------- ““
_1B. NITROGEN NARCOSIS
18. DECOMPRESSION SICKNESS IBENÛSI
20. NEAR DROWNING
21. SEVERS MARINE ANIMAI. INJURY

.............. "
23. CARSON OlOXIOC TOXIOTY
IA 6Ü4iö*rUóW5xi6rióxiafY '
28. DYCBARIC OSTEONECROSIS IEONESI
26 ANY OTHER OIVING INCIOCNTS [

I CERTIFY THAT THE ASOVI INFORMATION IS TRUE ANO COMPLETE TO THE EEST OF MV KNOWLEDGE
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AI,3,HP, (MEDICAL EXAMINATION) TO DP COMPLETED ÜY MEDICAL PRACTITIONER

1. Phyiiqui
floodAuriga
Poor

2. Hughi
em
ini

3, Wught
ItO

Ihi
4, Colour

ByiiHnrSkin
8 Vilii/) 7. Colour 0 Urinilym

R8/ Cur 5/ Pireipuon Albumin
' LB/ Corr 0/ aluco»

6: Bitpimlon 
Bnp, Imp, cm emlm im

DIR.emIm
Chill X*riy
Dill.........
Pliu........Aaiull.......

IO. Skil;«il (Long Borni X-riy
Oni........... .............Piaea .Niiuli.................................(Pro divin onlyl

11. Biiplrnory Function Tui
vilii Capacity............  Ahu...,FBVii...................... Btoneho
Pueimigi......... . Dllitor..

12. Audiomury

Air

Bom

Loii in dB (Pi 
Lou in dB (Li 
Loii m dB |RI 
Loii In dB (LI

REMARKS,

.Fnquincy Hi
2BO

CLINICAL EXAMINATION Nor.mai Abnor.'mii

13. HEAO. SCALP. FACE ANO NECK
14. nose, septum, airway
18. SINUSES
18. MOUTH. THROAT. TEETH, SPEECH
17. EARS GENERAL
18. TYMPANIC MEMBRANE
18. EUSTACHIAN TUBE FUNCTION
20. PUPILLARY REFLEXES
21. EYE MOVEMENTS
22. VISUAL FIELDS
23. ABDOMEN ANDOI TRACT
24 ENDOCRINE SYSTEM
25. LYMPHATIC SYSTEM
28. POSTURE AND GAIT
27. SPINE

_ 28. UPPER LIMBS
29. LOWER UMRS
30. CRANIAL NERVES

. 31. REFLEXES
32. SENSATION

_33. CEREBELLAR FUNCTIONS

35.. MENttAL CAPACITY
I 36. IDENTIFYING MARKS
_37. . CHEST, IUNQ FIELDS

39. VASCULAR SYSTEM
40. OPHTHALMOSCOPY
«1. eiU/SU cmMem
42. ECO AT REST

44. SUMO PRESSURE
4*. PULSE RATt/MIN 1
44. SHARPENED ROMBERG SCORE ' éëcs'

500 1000 2000 4000 8000 80C0

NOTES ON ABNORMALITIES

FIT TO DIVE 
UNFIT TO DIVE 
OTHER 
REASONS:

SIGNED: DATE:
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DIVING MEDICAL EXAMINATION

TO EXAMINING PHYSICIAN:

Thia perion la an applicant Cor training or employment involving diving 
with self-contained undarvatar breathing apparatua (SCUBA) or surface-supplied 
equipment• Your opinion o£ the applicant's physical Citneaa is requested. A 
report form and completed medical questionnaire are enclosed. Since the 
information requested may be o£ importance in preventing or treating a diving 
accident, please be es specific as possible in detailing your results and 
comments. Please beur in mind that diving involves a number of unusual 
medical problems:

Diving may involva heavy exertion and immersion in cold water. A diver 
muat be in good general health, free from cardiovascular and respiratory 
diaeeae, and have good exercise tolerance.

Diving involves significant changes in ambient pressure and gaa volume. 
Ali body spaces must equalise pressure readily. Obstructive lung disease 
may cause catastrophic accidents on ascent.

Evan momentary impairment of consciousness underwater may be fatal.

Responsibility to other divers is a consideration. Even if a diver wera 
willing to take a calculated risk with his own safety, if an accident 
occurred, other divers would be at risk in attempting rescue. In addition, 
evidence of neurotic trends, recklessness, accident proneness, panicky 
behavior or questionable motivation should be evaluated.

ABSOLUTE CONTRAINDICATIONS TO DIVING (The following ara examples of 
conditions which present unacceptable risks to health and safety while diving):

History of seizure disorder (except febrile convulsions in infancy)

Recurrent or unexplained syncope, whether neurogenic or cardiovascular

Insulin-dependent diabetes

Sickle cali disease

Meniere's disease

Activa asthma if medication is required for control, if there have been 
attacks within the past two years, or if bronehospasm has ever been 
associated with exertion or inhalation of cold air

Ear surgery where prosthesis kai boen implanted in the conduction chain
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History of spontaneous pneumothorax

Chronic inability to equalize pressure in middle ears or sinuses; 
unhealed perforation of tympanic membrane

Pulmonary cysts, blebs, bullae, or definite air trapping lesions detected 
by x-ray; significant obstructive pulmonary disease

History of coronary artery disease; myocardial infarction; arrythmias; 
ventricular septal defect

Chronic alcoholism or drug addiction

RELATIVE CONTRAINDICATIONS TO DIVING (The following ara examples of 
conditions which may disqualify, limit, or restrict diving depending on 
severity, presence of residual effects, response to therapy, etc,):

Any condition requiring continuous medication for control (e,g«, 
antihistamines, steroids, barbiturates, mood altering drugs,
antihypertensive drugs)

Pregnancy

Decreased pulmonary reserve from any cause 

Obesity

Malignancies, unless treated and without recurrence for five years 

History of chest surgery; recent operations 

TEMPORARY DISQUALIFICATIONS

Upper or lower respiratory infection or severe hay fever causing
inability to equalize pressure in ears or sinuses, or causing chest 
congestion; middle ear infection

Inguinal hernia

Minor perforation of tympanic membrane 

Alcohol or drug intoxication

Any medication which could interfere with normal diving
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Divers often «near polluted water and ara subject eo injurias requiring: 
antitatanus treatment. It is strongly advisable to maintain routine 
immunisations up-to-date.

If you feei the need for additional tests beyond those outlined in the 
attached form or for consultation, please contact the W.H.O.I. Diving Safety 
Officer or Institution Safety Officer. It may be in the Institution's best 
interest to discontinue the person's participation in diving activities.

For a mora complete treatment of medical standards for diving, please 
refer to:

Devia, J.E., Kinduall, E.P., and Youngblood, D.A., "Selection of Divers: 
Examination and Physical Standards," in Hyperbaric & Undersea 
Medicina, J.E. Devia, ed., 1981, 1:3, pp. 2-7, Medical Seminars,
Ino., 8480 Fredericksburg Road, #241, San Antonio, TX 78229.

Strauss, Richard H., ed,, Diving Medicina. 1976, Grune & Stratton, NY, 
pp. 341-347.

Signs and symptoms of some diving accidents may mimic those of stroke or 
heart attack. The possibility of decompression sickness or gas embolism 
should be considered for any patient exhibiting neurological deficit (e.g., 
unconsciousness, paralysis, weakness, confusion, inability to control bowels 
or urine, chest pain, etc.) within minutes to hours after diving (es shallow 
as 4 feet). The National Diving Accident Network (D.A.N.), Duke University 
Medical Center, (919) 684-8111, may be called at any time for consultation 
regarding diagnosis, immediate care, transportation to a hyperbaric facility, 
and chamber location. Please retain the above number for your future 
reference.

Diving Safety Officer 
(617) 548-1400, X2239



WOODS HOLE OCEANOGRAPHIC INSTITUTION 
PHYSICIAN'S REPORT OF DIVING MEDICAL EXAMINATION

Applicant's Nama Physician's Phone ( )
Physician's Nana Address

(print, typa, or stamp)

TYPE OF EXAMINATION:____ INITIAL____ ANNUAL____ SPECIAL (MAJOR ILLNESS OR INJURY)

CLINICAL EVALUATION , NORMAL ABNORMAL RESULTS, COMMENTS
(Please be specific)

General Phvscial Condition

Ears. Nose. Throat

Chest X-Rav (initial, once/4 veers)*

EGG (initial, annual site 40 & over)

Visual Acuitv

Color Blindness (initial exam only)

Hearing

Hematocrit or Hemoglobin

White Blood Cell Count

Urinalysis .

Other as Determined by Examining 
Physician (nlease soeeifv)
The following conditions should be made known eo any physician who may treat
this parson £or a diving accident (include medical conditions, medication, 
allergies, etc.);

Opinion, disqualifications, limitations, temporary restrictions, comments:

___ APPROVED (I find no defects which I consider incompatible with diving)

___ CONDITIONAL APPROVAL (I do not consider diving to be in the applicant's 
best interests, but find no defects which present a marked risk. I have 
explained this to the applicant)

__ DISAPPROVED (The applicant has defects which in my opinion would 
constitute unacceptable hazards to health & safety in diving. I have 
explained and discussed this with the applicant)

Physician's Applicant's
Signature._______ _______ _____ Signature
Bate __________________________________Dete
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WOODS HOLE OCEANOGRAPHIC INSTITUTION 
DIVING MEDICAL QUESTIONNAIRE & HEALTH HISTORY

INSTRUCTIONS» Plata* auauar tha following questions as accurately aa 
possible. Be aura ali blanka ara filled In completely, algn and data, and 
rarum eo tha Diving Safaty Officer. Incompleta forma ulli ba returned and 
authorization to diva may ba unnacaaaarlly delayed.

NANS______________________________ AGE______ OCCUPATION____________________________

DEPARTMENT________________________ PROJECT NUMBER

HEIGHT ____________ WEIGHT

1. Hava you had any pravloua experience In diving? Ya* No
If eo, have you avar had banda, embolism or an other praaaura related 
Injury? Yea No

2. Hava you haa any difficulty equalizing praaaura In your atra or alnuaaa?
Yea_____  No_____

3. What do you do for axareiaa? How oftan do you participate? (over)
4. Hava you aver baan rejected for aarvlca or employment for madical

raaaons? Ya* No
5. Data of laat physical examination__________ Phveician/Facility

Addraaa "*
6. Data of laat cheat x-ray eïcg '
7. Hava you avar had an electrocardiogram? Yea No

Electroencephalogram? Ya* No
8. Do you smoke? Yea No How much?
9. Hava you avar had or do you now have: (Pleas* coseli at left of aach item)

Ya* No
Frequent colds or tora throat 
Troubla breathing through noa* 
Ruptured eardrum 
Fast or irregular heartbeat 
High or low blood praaaura 
Frequent diarrhea, bloody stool* 
Kidney or bladder disessa 
Racant gain or loss of weight 
Jaundice or hapatitls 
Rheumatic favar 
Broken bona, aarious sprain 
Severe or frequent haadachas, 

migraines
Head Injury causing unconalcoua-

naas
Nervous breakdown, daprasslon 
Motita sickness 
Alcohol, drug,- narcotic habit 
Adversa reaction to serum, drug 

or medicine
Any serious illness not mentioned 

above

Yea No
_______ Hay favar or sinus trouble

Painful, running aar,
_______  mastoid troubla
________ Chest pain, persistant cough

Heart troubla 
Persistant back or stomach 

_______ ache
Frequent upset stomach, haart

_______  burn, ulcars
_______ Tuberculosis
_________ Vanaraal disaaaa

Rheumatism, arthritis, joint 
_______ troubla

Insomnia, nightmares,
_______ sleepwalking

Dizziness, fainting,.
________ convulsions
.... .. Claustrophobia
_______ Any naurologlcal condition
_______ Diabetes

Cancer

234



APPENDIX IO
Application number:

Pmldint
N.C. Fl« nini Uii, UK. 
Vtei-Pnsldint,
A. Oichruchi USA. 
Sterttary,
L-A. Rundblail, Swedan.

CONFÉDÉRATION MONDIALE DES ACTIVITÉS SUBAQUATIQUES 
WORLD CONFEDERATION OF UNDERWATER ACTIVITIES

SCIENTIFIC COMMITTEE

CMAS Head Office 
34 Rue du Collatie 
75008, Paria, France.

Noto: Application may be made on 
a photocopy of this form.

APPLICATION FORM FOR CMAS SCIENTIFIC HiVER BREVET 

PART I. I O BE COMPLETED BY THE APPLICANT

1. NAME OF APPLICANT (Please Print)................................................
2. ADDRESS OF APPLICANT (Please Print)..........................................

Country.....................................................................................................................................................

3. STATEMENT OF DIVING TRAINING
Please complete ■ A or both of the following sections A and B:
A. I...............................................................(name) certify that I am in possession of CMAS 3-star diver

certificate number............................................................issued to me in may name by tile naiional
diving federation or organisation of.................................... (country). The name of the national diving
federation or organisation which issued my certificate is.........................................................................
(name of federation or organisation).

B. I...............................................................(name) certify that I am in possession of government approved
training certificate number................................see section 5A for full details of my training.
Note. Delete section. . B if not applicable.

4. STATEMENT OF SCIENTIFIC AFFILIATION
Please complete one or both of the following sections A and B:
A. I certify that I am a member of the national Scientific Diving Association of............................. .. (country).

The name of the national Scientific Diving Association is...................................................... (See PART II).
B. I certify that I am a lecturer/teacher/research worker/technician/research student/student* at the following

establishment of learning or research:..........................................................................................................

(name and address of establishment). I certify that I use diving in my studies or research, and this is permitted by 
the establishment. (See PART III).
Notes. Delete section A or B if not applicable.

* Delete words not applicable.
5. STATEMENT OF LEGAL STA7 OS

Please complete one of the following sections:
A. In................... ....................... (country), which is the country where I hold my diving qualifications and

where l eo nduct my studies and/or research, I have the legal status of a diver who dives at work. The government
of......................................... (country) requires scientific divers at work to possess government-approved
diving training a nd a government-approved certificate permitting them to dive at work. 1 certify that I hold 
government-approved diving training certificate number................................... . issued on............................
(date), at....... ........................................................ (place of issue), and that 1 am legaUy permitted to dive
as a scientific diver at work in.................................. (country). A copy of my certificate is attached.

B. fn......................................... (country), which is the country where I hold my diving qualifications and whero
I conduct my studies and/or research, there is no law which requires scientific divers who dive in the course of
their work to hold a government-approved certificate of training. In..............................(country) sports
diving qualifications are legally sufficient to qualify me to dive in the course of scientific work.
Note. Delete the paragraph not applicable.
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6. DECLARATION
I (Jeclaro tliat ali tho statements above are true to tho best of my knowledge on this date. I understand that the 
CMAS Scientific Diver Certificate does not entitle me to bo employed as a commercial or industrial diver.

Signed................................................ (Applicant)
Date....................................................

IMPORTANT: PART I MUST BE COMPLETED AND SIGNED BY THE APPLICANT BEFORE PARTS II OR III ARE 
SIGNED BY THE SUPPORTING ASSOCIATION OR ESTABLISHMENT.

COMPLETE PARTIJ OR PARTHI OR ROTH

PART II. TO BE COMPLETED BY THE SUPPORTING SCIENTIFIC DIVING ASSOCIATION

7. To be completed by the Chairman, President, or Secretary of the national Scientific Diving Association cited in section 
4A above.
Name and Address of Association (Please Print)..............................................................................................................

8.

9.

.......................................................................................................Country:...................................................................
I certify that.........................................................................................(name of applicant, please print) is a member
of.......................................................................................................... (name of Scientific Diving Association).
I have read Part I of this form completed and signed by the applicant.

Signed................................................... (Chairman/President/
Secretary).

Date

PART III. TO BE COMPLETED BY THE SUPPORTING ESTABLISHMENT OF LEARNING OR RESEARCH

IO. To be completed by the Head of Department of the establishment cited in section 4B above.

Name and address of the establishment where the applicant works or is a student:.....................................

...............................................................................................................Country:..........................................................
11. I certify that......................................................................................................(name of applicant, please print) is a

lecturer/teacher/research worker/research student/technician/student* at this establishment.
Note, * Delete words not applicable.

12. I have read Part I of this form completed and signed by the applicant.
Signed.............................................. (Head of Department)
Date..................................................

Department Stamp:...............................................................

13. The completed form, together with supporting signatures in Parts II or III, and the. copy of the official government- 
approved certificate (if referred to in paragraph SA) should be posted to the following address; together with payment 
by cheque of 80 French Francs or an International Money Order for 80 French Francs (payable to CMAS).

CMAS
Scientific Diver Brevet,
34 Rue du Colisée,
75008
PARIS
FRANCE
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APPENDIX U. EXTENDED LOCAL RULES

Statutory legislation concerning diving safety sometimes requires that 
an employer or insititute publish a set or rules or internal regulations, 
stating their standards and methods for maintaining safety. It can be time
consuming and unnecessary for numerous laboratories and institutes ali to 
write separate rules starting from first principles, and the resulting 
variability may even be dangerous and prevent movement of divers between 
laboratories. It may therefore be preferable for universities, institutes, 
or laboratories to publish a statement of policy that the UNESCO/CMAS Code of 
Practice will apply to diving carried out by their employees and students, 
supplemented by such manuals or standards as may be suitable to cover tho 
detailed conditions of equipment and environment required by national 
legislation. This will ensure maximum compatibility.

From time to time it may then be necessary for the employing 
institution to publish extensions or variations of the rules, but maintaining 
the continuity of statutory authority. Such extensions of the rules could 
cover matters such as diving at weekends when a recompression chamber was not 
manned, diving in exceptionally dangerous locations such as in a tidal v^ce, 
or near reefs and headlands, or diving in shipping lanes, etc. Such local 
rules would be completely specific to a given diving area or establishment. 
The following formula is suggested:

INSTITUTE NAME EMPLOYING SCIENTIFIC DIVERS................................................................................

LOCAL DIVING RULES, NOTICE NUMBER.....................................................................DATE......................

WHEREAS the*

requires every Employer of Scientific Divers to produce or publish a set of 
Diving Rules, the contents of which whall be consistent with the legislation,

AND WHEREAS The UNESCO/CMAS Code of Practice for Scientific Diving is applied 
in this institution/university/laboratory/establishment and is part of the 
a^.eed Diving Rules, together with the following documents:

........................................................................................ (Codes of Practice or Standards)

.......................................................................................  (Manuals and Training Standards)

THE FOLLOWING EXTENSION OF THE RULES IS HEREBY BROUGHT TO THE ATTENTION OF 
DIVERS:

* Title of national
legisaltion requiring employers Signed................................................................
to publish safety rules.

Diving Officer/Diving Control Board

237



APPENDIX 12. SAMPLE DIVE RECORD SUEBTS

This Appendix contains examples of daily and monthly dive record forms» 
and institutional records.

Example 1 (UBC) ..

Example 2 (UASR) .. • • .. p.241

Example 3 (NERC) .. .. p.242



EXAMPLE 1

Honthly Loi
Monthly logi aunt be completed «ml turned In to eli* Diving Operation* Office 
at tha ani! of aaeh month of diving» Record ali opon water dlvaa Including 
racraatlonal dlvaa. Divert must log a minimum of 12 dlvaa par year to rtmaln 
cartlflad. Additionally at laaat ona diva muut ba mada to tha depth of 
certification avery aix montlie to retain certification at that depth.

Dlractlone for filling Out Log
Location « give tha accepted nama (t.g.. Tha Cut. Uliytaellff Park) or a brief 
deecrlptlon (a.g., Wall at Orlabar Point) or chart coordlnataa.
Puntata - apaclfy tha eclentlflc purpoee(e) of tha diva ualng tha following 
categoriaal

Biology (BI) Oceanography
Chomlutry (CU) Training
Caology (CE) Other: Spactfy
Archaeology (AR)

(OC)
(Ttt)

HIapion - apaclfy tha raiaalon(a) of tha diva ualng tha following categoriaal
Obaarvatlon/Recordlng (OR) 
Surveying (SIO 
Colleetlon/Sampllng (CS) 
Coring (CO)

Inetallatlon/Malntenance (1H) 
Photography (PH) 
Recreation (RE) 
Otheri Specify

Diva Ruddt(lae) - give the nama(a) of your buddy(laa).
Depth Croup - put a cheek mark In tha appropriate box to Indicate the depth 
group (In matara) of tha maximum depth of tha diva (a.g.. maximum depth 35 
feat - cheek box for 20 matara).
Diva Tina - give time underwater for ieuba or umbilical (aurfaea aupply) 
divae; tina In water for anorkal divae. Tima ahould ba In houae and mlnutaa 
(a.g., OtSS).
Mode - apaclfy tha principal diving noda of tha diva ualng tha following 
categoriaal

Scuba-Air (SA) Snorkel (SH)
Uabllleal-AIr (UA) Othari Speelfy

Additional Information - Hat any additional Information that la pertinent to 
tha record of the diva ualng tha following eatagorleai

Night (Nl) Zaro-Vlelblllty (ZV)
lea (IC) Contaminated Uatar (CU)
Currant (CU) Eneloaad Spaeaa (ES)
Altitude (AL) Blue-Uater (BU)
Daeoapraaalon (DE) - apaclfy bottom tina and depth for

daeoapreeelon aehedule used. 
Incident Report filed (IR) Othari Specify
Nona - If there la no additional Information enter "NONE*.

Signature - amaura you hava filled out tha entire form Including your nama, 
the month, and eba data of your laat medical, than algn and data tha fora ac 
tha bottoa and aend It toi

University Diving Oparatlona Office 
Auditorium Annae, 1924 Uaat Hall 

Vaneouvar, B.C. V6T 1U9
WARMING: If tha fora la Incomplete or unreadabla It will ba returned for 
eorreetlona.
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NuaChly Otve lae * OK OCelae O
fcntba O

ffice
Maa*

M
onth

Dace of Last M
edical

CATE
Dy/ifa/Yr

LOCATION
K

im
, D

escription 
or Chart Coord* a

purpose
MISSION

OIVE
BUOOT(IES)

D
IO

CPI
CMe
20

H C
ce30

ROtl
»)40

P40+
DIVE
TIME

m
oe

A0OITIOSAL
isFoetm

oa

1.2.3.4.S.6.7.B.9.
IO.
II.
12.
13.
I«.
IS.
16.
17.
IS.
19.
20.

The Inform
ation above accurately a M

uricea ay lltlng activity.
S leucura

Dete



S
C

IE
N

T
IF

IC
 
O

B
S

E
R

V
A

T
IO

N
S

D
IV

E
 
IN

F
O

R
M

A
T

IO
N
 
(D

iv
e
 N

o
. 

)

Nam
e/address of Contractor 

......................................................................

Date: 
..........

Site Locations):

Namc(s) of Divine Supervise r(s)‘- 
......................................

Equipm
ent used: SCUBA 

__
/Surface Dem

and/Other (state)
Breathing m

ixture used: Com
pressed Air: 

__
/O

ther (state)
Task: (including taats) 

....................................................

Dive 1 
Dive 2 

Dive 3 
Dive 4 

Dive S
Time af leaving surface: 

.................................................................
Tim

e of leaving bottom
: 

.................................................................
Bottom Tim

e (m
int): 

.................................................................
Tim

e of arrival at surface: 
.................................................................

M
aximum Depth (m): 

.................................................................
Stops at 

__
(depth). Time: ' 

.................................................................
Stops at 

__
(depth). Time: 

.................................................................
Decompression im

plem
ented? No/Yes

RNPL/BS-AC: 
.... 

USN: 
..../O

ther 
..............................................

Any decompression sickness?: Yes/No 
Any other illness/discom

fort/injury?: Yes/No 
Any adverse health and safety facton?: Yes/No 
Action/com

m
ents (if “yes'*):

Signed: Diver 
........................... 

Supervisor 
.........................................

•••A
LL THE INFORM

ATION ABOVE IS REQUIRED BY LAW
 AND M

UST BE 
COM

PLETED FOR EACH DIVE OR GROUP O
F DIVES***

A
D

D
ITIO

N
A

L N
O

TES:
N

am
e(s) af dicing com

panions): 
..............................................................

W
ATER: 

Visibility (m
) 

......... 
Tem

p (C
) 

.........
Current (kt) 

......... 
Tide 

......... 
Swell 

.........
W

EA
TH

ER: 
Tem

p(C
) 

......... 
W

ind 
......... 

Cloud 
.........

Visibility 
......... 

Precipitation 
.........

Com
m

ents:

EXAMPLE 2



D
IV

E R
EC

O
R

D
S 

D
ive N

o.
N

am
e and address of University, Institute, School, M

useum
, etc.

Uive D
ate...................G

eographical Location....................................
V

essel/Structure/Platform
..............................................................

M
arshall/Supervisor.--------------D

ive Com
panion Dive 1.............—

Equipm
ent used...........................D

ive Com
panion Dive 2................

__________________________
D

ive Com
panion Dive 3________

Surface line attendant Dive 1_______
Dive 2.................Dive 3.___

STOPS
luw
Suffice

tant
Botteri

U
m

Bonetti Arrive
toni

Luve
toni

Antve
5m

U
m

Sm
Acme
Surface

M
u

Oeocti
Bottom
lene

Tout
Trw

DCVE
ONE
OCVt
TWO
QCV€
TOREE

D
ecom

pression Tables used 
Brief warte description.........

A
ny decom

pression sickness ar other illness or adverse effects

D
efects of equipm

ent.

A
dverse environm

ental factors—
D

iver's Signature____________
O

n-site Dive M
arshall's Signature 

Chief D
iver's Signature-----------

ADDITIONAL K
rO

RM
A

TtQ
N 

Project nam
e or num

ber...............
Chief Scientist............................................................................
W

ater Conditions: D
epth to Bottom

.......................Surface Tem
p

Bottom
 Tem

p.................Current..........................Tide.............
Visibility......................................W

aves/Sea State....................
W

eather Conditions: Air Tem
p..............................Cfoud............

W
ind_____________

Fog...................................Precipitation.

institute cr D
epartm

ent Diving Officer or Chief Diver observations for Diving 
O

perations Log Book, including arrangem
ents for em

ergency support.

Signature---------------------------------------------------D
ate--------

Scientific ar A
rcftaralogtcal O

bservations 
D

fve N
o _

EXAMPLE 3



APPENDIX 13. SCIENCE DIVER TRAINING STANDARDS AND CERTIFICATION

Training and certification can he carried out within sports diving 
clubs affllllated to national or International bodies, military 
organizations, or within Institutions that maintain diving programs, 
Commonly national scientific diving organizations will recognize some level 
of training and/or experience as a sufficient basic training standard.

Certification can be by made the national or International body or 
through a recognized Institute that maintains training and certification 
programs. In most cases, certificates will have some national level of 
significance. In the opinion of the editors, It Is not necessary to have a 
singio set certification standard, so long as there Is good agreement 
between the certifying authorities as to levels of training and competency 
necessary at the different levels.

Two levels of scientific diver certification may be the simplest 
approach; "diver-In-training" and certified Scientific Diver. The "diver-in
training" requirements would essentially be those for an entry level diver 
(NAUI Level II, CMAS 2-Star) and restrictions would be placed on the 
respective diver's activities (ie. maximum depth 20 meters, supervised 
directly by a certified Scientific Diver). It Is not intended that divers 
would be required to dive to certain depths each month to maintain this 
standard for scientific diving, but they might be required to do so for 
institutional or other certificate requirements.

The certified Scientific Diver requirements would be those equivalent 
to an advanced sports diver level (NAUI Level IV, CMAS i-Star) with the 
certification of the Diving Officer, and there will be no direct restrictions 
placed on the diver's activities other than those indicated by the Diving 
Officer. However, a cautionary note would indicate the need for advanced 
training when undertaking diving in extreme conditions or when utilizing 
equipment other than self-contained air-breathing aparatus.

Examples of a statement of understanding between the institute and the 
diver, an application form for training, and an institution temporary permit 
for visiting investigators are supplied.
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WOODS HOLE OCEANOGRAPHIC INSTITUTION 
DIVING TRAINING/CERTIFICATION

STATEMENT OF UNDERSTANDING

To bo completed by candidates for divar training

STANDARD'» Ali aroaa of évaluation of this coursa ara basad on tha question, 
"Will this parson asica a safe and reliable diver?“

EVALUATION: You ulli bo required eo learn and demonstrate to the satisfaction
of the diving supervisor, through vritten/oral examination s) and 
physical performance, the following:

1) Applied Sciences: physics, physiology and medical aspects as they 
relate to a diver's performance in the water.

2) Divina Equipment! a basic knowledge of the purposes, features, types 
and use of slcln and SCUBA diving equipment.

3) Divina Safety: a basic knowledge and skill level of lifesaving- and
first aid es applied to diving.

4) Diving Environment: a basic knowledge of the physical and biological
aspects, with particular emphasis of . the New England region, and 
including regulations, dangers, water movement ani characteristics, 
and conservation.

5) Safe Diving Skills: competent knowledge and performance of skin and
’-CUBA pre and post diving, surface, and underwater skills.

Your attitude during the course will affect your individual scores and final 
atatus.

CERTIFICATION: You era not assured of certification to dive cor Woods Hoia
Oceanographic Institution merely by attending the course, or even by 
completing or passing ali of the areas of evaluation. The Diving Safety 
Officer will make a subjective decision a.t the end of the course, based on 
your total performance and attitude. Possible classifications are as follows:

1) Professional Diver.
2) Certification to depth level based upon prior training and experience, 

as wall as performance and attitude.
3) Placement in another class for further training.
4) Rejection for diving certification.

RESPONSIBILITIES : You will have several - responsibilities during the course.
These will include:

1) Your responsibility for your own safety and the safety of others 
around you.

2) Your individual respouslblity to Woods Hole Oceanographic Institution 
for damages or missing items.

3) Your responsibility for your own equipment and personal effects.

Signed Date
Canciaate

Signed______________________ ____________________ Dete
Diving Supervisor *
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WOODS HOLE OCEANOGRAPHIC INSTITUTION

APPLICATION POA SCUBA DIVING TRAINING/CERTIFICATION

INSTRUCTIONS: SCUBA diving training/cartification ia available Cor approved W.H.O.I. 
affiliated individuals who naad fo usa Che technique eo furehar thair research ae the 
Institution or Cor auppore activities related to Institution business» Requirements Cor 
eligibility and procedures Cor application may be Cound in the W.H.O.I» Diving SaCaty 
Hanual.

Please Cill in the requested inCoroation as completely as possible. Print legibly or 
type I Incomplete, missing or late application Coma or supporting documentation may 
result in unnecessary delays or in rejection Cor training. Attach the requested 
enclosures and return to the Diving Locker.

PERSONAL INFORMATION-', Name 
Job Title or Maior
Office/Lab Location 
Hailing Address

DESCRIPTION OF NEED FOR DIVING TRAINING/CERTIFICATION: BrieCly describe project Cor which 
you will usa diving at the Institution. Temporary Ferait Applicants include location and 
dataa oC cruise/opsration

Dete oC Birth 
Department '

Ext.__________Koma Phone ____

TRAINING:
SCUBA Courses Completed

I have never completed a SCUBA couraa. I have completed the following eoursea:

Course Title 
or Level

Agency 
(NAUI, Padi, 

YMCA. etc)

Location Total Hours Date of 
Completion

Instructor's
Nama & #Lecture Pool Open

Water

•

CPR. First Aid. Lifesaving, Swimming. W.S.I.. Boating, etc.

F^-—I- — -I--—-1-■—T--I--I ..=

EXPERIENCE: Total Career Open Water SCUBA Divea Total Hours Underwater^ 
Maximum Depth (Career) Maximum Depth (Last Year) No. Dives Past Yea"? 
Date of Last Open Water Dive Have You Ever Dived for W.H.O.I.? * 
®*te Certified Dete Left Swimming Experience: ______ Nonswimmer
Swiamer years Year Last Swam Snorkeling Experience: . ' 
Honanorkeler ______ years Year Last Snorkeled .

■IrieC resume of any commercial, military, or scientific diving experience. Include 
ot supervisors, eompanies/universities/units which you worked, dates of affili 
Jl''i duties. Include ali diving related skills not noted above:

names 
affiliation,

V'
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indica eu with tita appropriate lot tut if you have «var had experience diving in tha 
fallowing aituationst JE Extensive (acra than 20 tiaaa) JL Limited (1-4 tiaas)

ÏÏ nodatata (5-20 timas) ~ Laeva blank if inexperienced

Diving from boata/ahipa
Snail boa ta (up to 20' langeli) 

~ Vessels ftoa 21' eo 100' 
~*~*Shipa (over 100')
Shota diving

Rocks or 'ironahoea'
Surf

penetration wIo diract accaaa eo 
“surface . 

lea diving 
~ Cava diving 
~ Wrack diving 
Might diving 
Daeomprasalon diving 

"““Diving at aaa ('blue water') 
Diving EhT or chamber operator

Cold water (below 45 *P)
Turbid water (0*5' viaibility)
Vary clear water ( 50' viaibility)
Diving in aalt water 
Diving in freeh water 

Ponda, lakea, quarries 
Rivera

Mud or ailty bottom 
Kelp 'foreat'
Corai raaf
Currents (1/2 knot and over)
Altitude diving (over 2,000' elevation)
Dae of variable volume dry suite, Unisuit, etc. 
Commercial diving 
Surface-supplied equipment 
Saturation or mixed gas

ENCLOSURES : Enclose the following supporting documents with this application:

1) Physical Examination Report. Huae have been signed within the past year, marked 
"Approved for Diving," and signed by a licensed physician.

2) Copies of ali pertinent certification carda (front and reverse).
3) ▲ dive log must be presented for inspection (certified divers only).

STATEMENT : I certify that the above information is correct and that Z am in good health.
I agree to follow the safety regulations of the W.H.O.X. Diving Safety Manual and to abide 
by whatever limitation or restriction may be imposed by the Diving Safety Officer.

- - ■ 11
Signature of Candidate Dete

APPROVAL: The following persons must endorse the candidate's participation in the
U.U.O.I. diving program before training or certification can commence:

Project Supervisor ___________________________ ___________________________  ________________
Nama (.printed or typed) Signature Dete

Department Chairman , 

Diving Safety Officer 

Diving Board Chairman

__________________________DO NOT WRITE BELOW LINE_______ _________________
\üAXMIMGƒCERTIFICATION PROCEDURE ASSIGNED:

— Basic/Refresher Course _____ Class Convening Date
— _ Experienced Diver Evaluation
___ Reciprocal Certification From Approved University/Institution Diving Program 
___ Temporary Diving Permit. Expiration Date Commencement Date __
— _ Rejection

%S&RK5: Please attach to this form.
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WOODS HOLE OCEANOGRAPHIC INSTITUTION

TEMPORARY SCUBA DIVING PERMIT FOR VISITING INVESTIGATORS

Divins at W.H.O.X. la aubjact to rules and regulations which ara outlinad in the 
Woods Hoia Oceanographic Institution Diving Safety Manual. Persons who are planning 
to diva for a W.H.O.I.-sponsored projact or cruise, or who plan to usa W.H.O.I. facil
ities (e.g., ships, atationa, plera, equipment) for diving oparationa, must ba certi
fied eo do so by the Institution Diving Safety Officer.

Authorized visitors may apply for a Temporary Diving Permit. Thia permit is 
restricted to participation in the specific diving operation/cruiae for which request
ed, and is subject to such other restrictions (e.g., depth, diving buddy, typa of 
activity or environment, etc.) aa the Diving Safety Officer may impose. Temporary 
permits must be renewed for each project/cruise by persona not affiliated with W.H.O.I.

W.H.O.I. employees and students, or visitors who desire regular Institution 
certification, must comply with the normal procedures as outlined in the W.B.OJ. 
Diving Safety Manual. Because of time constraints. Temporary Permit candidates may 
bave portions of the procedures waived or simplified; however, in the Interest of 
safety, certain minimal requiremanta must be met. The Diving Safety Officer may im
pose other requirements in addition to the following at hie discretion:

Health: The visiting diver must provide documentation uf having passed a phys
ical examination for diving within one year of ftha commencement of the 
diving operation. As a minimum, the examination fora should Include a 
statement that the candidate is medically qualified for diving, the 
signature of the examining physician, the physician's name, address 
and phone (printed or typed), and a statement describing any condition 
extant or medication currently taken which could affect or restrict 
the candidate's ability to dive safely. The W.H.O.I. medical fora is 
available on request. .

Training: A certification card from a nationally jeognized diver training
agency (e.g., NAUX, PADI, YMCA, NASDS, SSX) must be submitted. A 
Xerox (front and back) copy will suffice.

Experience: A log recording at least 12 career open water dives, with at least 8 
having been accomplished within the past year must be submitted.

If a visitor is affiliated with a university or institution with a formal diving 
program (l.e., with a diving control board and a diving safety manual), a letter from 
the Diving Safety Officer certifying that the candidate is currently qualified and 
conforms to the above requirements may suffice.

Please fill in the requested information on the reverse of this fora, attach the 
•«canary documentation, and send as a package to the Principal Investigator for whom 
you will be working at W.H.O.I. Visitors who have participated In W.H.O.I. sponsored 
diving operations within the past year may already have some of the above documenta
tion on file with the Institution Diving Safety Officer. However, it is the visitor's 
responsibility to ensure that ali requirements arb up to date and submitted with suf
ficient lead time to be processed. .
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APPLICATION FOR TEMPORARY WHOI DIVING PERMIT

INSTRUCTIONS I Fill ia the requested information aa coaplataly aa poaaibla. Print 
legibïÿ’or typa. Ineomplata, missing or lata forma or documantation may raault 
ia unnaeaaaary dalaya or rajactlon.

PERSONAL INFORMATION» Nama Aga Sex______
occupation or Major .......
Work/University Addraaa ■

TRAINING» Courea Titla Agency Location Hata of Com- instructor'a
, or Laval (NAUI, ate.) plation Nama

CPR ___________________________________________________________________________
lat Aid __________________________________________________
Diving

evpERIENCE » Total Caraar SCUBA Divaa Total Houra Underwater
Maximum Depth (Career) Maximum Depth (Laat Year)"*" No. Divaa Paat Year 
Hava you aver dived for W.H.O.I.? __________ Whan? (month, year) _________

Indicata with the appropriate letter if you have aver had experience diving in 
the following aituationa: £ Extenaiva (mora than 20 rimae) JL Limited (1-4 tinea)

M Moderate (5-20 times) __ (leave blank if inexperienced

Divina from boats/ahlps
Small boats (up to 20' length) 
Vestale from 21' to 100'
Shins (over 100')

Shore diving
Rocks or 'ironshora'
Surf

Penetration w/o direct access to 
surface

lee diving 
Cava diving 
Wreck diving 

Night diving 
Decompression diving 
Divina at sea ('blue water') 
Divina EMT or chamber operator

Cold water (below 45 *F)
Turbid water (0-5' visibility)
Very clear water (% 50' visibility)
Divina in sele water 
Divina in fresh water 

Ponds, lakes, quarries 
Rivers

Mud or silty bottom 
Kelp 'forest'
Coral ra< f

___Currants (x/k knot and over)
Altitude diving (over 2,000' elevation)
Use of variable volume dry suita, Unlsuit, etc. 
Commercial diving 
Surface-supplied equipment 
Saturation or mixed gas

CBUISE/DIVIHG OPERATION INFORMATION» Brief description of the diving operation: * I

Principal Investigator for whom you will be working at W.H.O.I.
Location of diving operation •
Dateis) of diving operation *

I certify that the above information 1b correct and that I eu in good health. I agree to 
follow the safety regulations of the U.H.O.I. Diving Safety Manual and to abide by 
whatever limitation or restriction may be imposed by cognizant U.H.O.I. Diving 
authorities, including the Diving Safety Officer.
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APPENDIX 14. GLOSSARY 07 SELECTED TERMS AND DEFINITIONS

Thia glossary Is not a complete glossary of diving terms, but is a list 
of some terms and acronyms used in this code. A complete glossary of 
American diving terminology has been published by the Best Publishing 
Company, Post Office Box 1978, San Pedro, California 90723, U.S.A. Terms are 
aiso usually defined with legal precision in the preamble to government 
legislation, but the meanings may vary slightly from document to document and 
from country to country.

AAUS: American Academy of Underwater Sciences.

AB: Adj us table Buoyancy.

ABU: Adjustable buoyancy life jacket (vest, compensator). A life
jacket which supports the diver safely on the surface with 
his/her face above water, and can be inflated using a hand 
controlled valve whilst submerged, using air either from direct 
feed, or from a separate cyliner.

ATA: Atmospheres Absolute.

BIBS: Built In Breathing System.

BSAC: British Sub Aqua Club.

CAUS: Canadian Association for Underwater Sciences.

Cd: Cadmium.

CIRÏA: Construction Industry Research and Information Association
(Britain).

CIRSS: Comitato Italiano Ricerche Studi Subacquei (Italy).

Closed circuit: A breathing system within which the gas is re
circulated so that ali the oxygen is used metabolically by the 
diver, and the exhaled carbon dioxide is absorbed in a chemical 
filter.

CMAS: Confédération Mondiale des Activités Subaquatiques (World
Underwater Federation).

CNR: Consxglio Nazionale dell Ricerche (Italy).

CO2 : Carbon dioxide.

DCB: Diving Control Board.

DCS: Decompression Sickness.

DP: Direct feed. An I intermediate pressure air hose with diver control

for feeding breathing air from the main air bottle to ABU, for 
dry suit inflation, or other purposes.

1 . ; - v
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DPV: Diver Propulsion Vehicle.

EAR: Expired Air Resuscitation.

EEZ: Exclusive Economic Zone.

f .s.w. : Feet of sea water.

H2: Hydrogen gas.

H20: Water.

Ile: Helium.

Helios: A breathing gas consisting of a mixture of helium and oxygen.

Hg: Mercury.

HP: High Pressure.

Life Jacket: Legally, a life-jacket must be certified
support a person safely on the surface of the water 
face above water.

as able to 
with their

NAUI: National Association of Underwater Instructors.

Ni: Nickel.

Nitrox: A breathing gas consisting of a mixture of nitrogen and oxygen 
with a compostion in proportions different from that of air.

NOAA: National Oceanographic and Aerospace Administration (U.S.A.).

NSS: National Speleological Society (U.S.A.).

02: Oxygen.

Octopus rig: A breathing regulator with two (or more) hoses leading
to second stage valves and mouthpieces, so that two (or more) 
divers can breathe at the same time from the same cylinder. An 
emergency breathing system.

OSHA: Occupational Safety aiiid Health Administration (U.S.A.).

RCV: Remote Controlled Vehicle.

RNLI: Royal National Lifeboat Institution.

RNPL: Royal Naval Physiological Laboratory.

ROV: Remotely Operated Vehicle.

SCOR: Scientific Committee for Oceanic Research (of ICSU).
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SCUBA: The word originated as an acronym for Self Contained Underwatar
Breathing Apparatus or S.C.U.B.A. Technically it could be used 
to include any breathing gas or breathing gas delivery system, 
provided that the diver was carrying the gas supply, without a 
surface supply. By universal acceptance the term Scuba is used 
to describe a self-contained breathing set which contains 
compressed air, and supplies through a demand valve. The word is 
used in that sense throughout the Code unless it is qualified by 
a second term. Thus, it is possible to sey "oxygen scuba", or 
"nitrox scuba", to mean a self-contained breathing system 
providing a gas other then air, with the gas delivery method 
undefined.

SLJ: Surface Life Jacket. A life jacket commonly worn while snorkeling
that has mouth and small emergency CO2 gas cylinder inflation.

Stabilizer jacket,
Stab jacket: An integral byouancy system attached to the divers's

back-pack or worn separately, and usually inflated by direct 
feed. The manufacturer's instructions with these systems usually 
state that they cannot be treated legally as life-jackets and 
they should not be used for that purpose.

Surface Supply: A breathing system in which the gas is supplied through
a hose from the surface at a higher pressure than the water 
pressure at the depth of the diver, and the pressure reduced 
through a demand valve.

Trimix: A breathing gas consisting of oxygen and two inert gasses, usually
helium and nitrogen.

UASR: Underwater Association for Scientific Research (Britain).

UBMS: Undersea Biomedical Society (U.S.A.).

UNCLOS: United Nations Convention on the Law of the Sea.

UNESCO: United Nations Educational, Jcientific and Cultural Organization.

USN: United States Navy.
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Titles of numbers which (ire out of stock

No, Yenr SCOR No. 
WG

Year

Incorporated with Nos. 4, 8 and 14 in No. 27 1965 WG IO

Report of the first meeting of the joint group 
of experts on photosynthetic radinnt energy 
held at Moscow, 5-9 October 1964. Sponsored 
by Unesco, SCOR and IAPO 1965 WG 15

Report on the intcrcaiibration measurements 
in Copenhagen, 9-13 June 1965. Organized 
by ICES 1966 _

Incorporated with Nos. 1,8 and 14 in No. 27 1966 WG IO

15 Monitoring life in the ocean, sponsored by
SCOR, ACMRR, Unesco, IBP/PM 1973

16 Sixth report of the joint panel on oceanographic 
tables and standards, Kiel, 24-26 January 1973; 
sponsored by Unesco, ICES, SCOR, IAPSO 1974

17 An intercomparison of some current meters,
report on an experiment of Rcsearcli Vessel 
Akadcmic Kurchatov, Mnrch-April 1970, by the 
Working Group on Current Velocity Measurements; 
sponsored by SCOR, IAPSO, Unesco 1974

5 Report of the second meeting of the joint 
group of experts on photosynthetic radiant 
energy held at Kauizawa, 15-19 August 1966.
Sponsored by Unesco, SCOR, IAPO 1966 WG 15

6 Report of a meeting of the joint group of 
experts on radiocarbon estimation of primary 
production held at Copenhagen, 24-26 October
1966. Sponsored by Unesco, SCOR, ICES 1967 WG20

7 Report of the second meeting of the Committee 
for the Cheek-List of the Fishes of the North 
Eastern Atlantic and on the Mediterranean,
London, 20-22 April 1967 1968 —

8 Incorporated with Nos. 1, 4 and 14 in No. 27 1968 WG IO

9 Report on intcrcaiibration measurements,
Leningrad, 24-28 May 1966 and Copenhagen,
September 1966; organized by ICES 1969 —

IO Guide to the Indian Ocean Biological Centre 
(IOBC), Cochin (India), by the Unesco Curator 
1967-1969 (Dr. J. Tranter) 1969 —

H An intercomparison of some current meters, 
report on an experiment at WHOI Mooring Site 
“D”, 16-24 July 1967 by the Working Group on 
Continuous Current Velocity Measurements.
Sponsored by SCOR, LIAPSO and Unesco 1969 WG21

18 A review of methods used for quantitative 
phytoplankton studies; sponsored by SCOR,
Unesco 1974

20 Ichthyoplankton. Report of the CICAR Ichthyo-
plankton Workshop-Afro published in Spanish 1975

21 An intercomparison of open soa tidal pressure 
sensors. Report of SCOR Working Group 27:
"Tides of the open sen" 1975

22 European sub-regional co-operation in oceano
graphy. Report of Working Group sponsored
by the Unesco Scientific Co-operation Bureau for 
Europe and the Division of Marine Sciences 1975

23 An intercomparison of some currents meters, III.
Report on an experiment carried out from the 
Research Vessel Atlantis II. August-September 
1972, by the Working Group on Continuous 
Velocity Measurements: sponsored by SCOR,
IAPSO and Unesco 1975

24 Seventh report of the joint panel on oceano
graphic tables and standards, Grenoble,
2-5 September 1975; sponsored by Unesco,
ICES, SCOR, IAPSO 1976

27 Collected reports of the joint panel on oceano
graphic tables and standards, 1964-1969 1976

12 Cheek-List of the Fishes of the North-Eastern 
Atlantic and of the Mediterranean (report of 
the third meeting of the Committee, Hamburg,
April 1969) 1969

28 Eighth report of the joint panel on oceano
graphic tables and standards, Woods Hole,
U.S.A., sponsored by Unesco, ICES, SCOR,
IAPSO 1978

13 Technical report of sea trials conducted by the 
working group on photosynthetic radiant 
energy, Gulf of California, May 1968; sponsored
by SCOR, IAPSO, Unesco 1969 WG 15

14 Incorporated with Nos. 1, 4 and 8 in No. 27 1970 WG10

29 Committee for the preparation of CLOFETA- 
Report cf the first meeting, Paris,
16-18 January 1978 1979

30 Ninth report of the joint panel on oceanographic 
tables and standards, Unesco, Paris,
11-13 September 1978 1979
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