

collsvs
Text Box

collsvs
Text Box

collsvs
Text Box

User
Rectangle

User
Rectangle

User
Rectangle

User
Rectangle

User
Rectangle

















































































































































































































































































































































































































































































































































































































































































































BA

- e -

vurde Wire System

tade Wire Winch
{ronistant tensien)

Gurde Anchor

Hotwaterundt for
DI Meater

DIC Insulation

Fresh Water System
belorxgs to OTC o
equipment slage 2

Sanitary System
belongs to OTC -
equipmen! stage 2

fire vighting System

Spareparts

231

C—

Umbitical Winch

Winch Skid
with A frame
(ana Handiing System)

SD(-Hoisting Winch

Submersibie
Decompression
(hamber  SOC

with Yquipment stage

t-—q
]
e

Umb. licat umbditical
observation — Diving
Mode Mode

Oiwver Equipment
for 300m SW

Water Heater
- — = for 2 Divers
and 1 SDC

extraEquipment stage

SOC -Insulation

Deck
Transfer
thamber OIC

witn J6quipment st
Equipment slage.

extra

DDC-Insulation

Deck
Decompression
Chamber  DOC
with  |Equipment stage
Environmental
(onlrel extraltqupment stage |
uni

ECU-external
longs to
equpment stage 2

[ ami e |

ltubing of the gassystem |
Imaterai and mounting b+ —
{according to expenses Jl

| electric wiring |
| materiat and mounting -
laccording lo expenses 1
— J

Control - Console

lonlainer for
(onlrol (onsole

| Etectric
| Power

| Junction
J 8o

Gas Storage System

Fig, 8 :

CZ—
(ompressor Container 20’
12cyl a 10001, 200 bar g“‘""’ :"’ for for div
ump 1xer He or Air Components
Jcyl a 10001, 200bar I [
Oas
Air Battery
Joyl @ 10001, 200 bar Panet
taim Sysé
impared - Heliam ] Helium Reclaim System
2yl a 19001 , Iébar r——-q
0; 8att | 07-8att He. _:uqu.a :
12¢yl — Gosbag | Compressar -+ - Nitrogen
a 501! Reclamer Dewar |
200 dbar L_“._J

Deep diving systenm




232

DRAGER CLOSED FREE-FLOW CIRCUIT

<
Oe 0
::Pﬂtvisc?n 0.0.0 )

oo TmemTn
T ——

CONTROL
PANEL

REPROCESSING UNIT

DIVER Y/= SUBMERSIBLE |§
R DIVING
CHAMBER

Fig. 9 : Deep diving equipment (closed circuit) with
gas processing on the surface



ey

233

DIVING RESEARCH
by
Qystein Martinsen
Head of Institute
Norwegian Underwater Institute

Gravdalsveien 255
5034 Ytre Laksevag/Bergen (Norway)

1. RESUME
This paper highlights the tasks, means and results of

"Diving Research".

With the basic objective of finding the limits to man's
performance at raised pressure, under water, the tasks

are found in the following fields:

- Biology of diving
- Methods of diving

- Technology of diving

In addition to the basic objective referred to above,
the introduction of national laws and regulations in diving

operations challenges the research worker with two additional

objectives:

- To assist industry in complying with existing
regulations,

- To prove to relevant authorities that some
particular regulation is irrelevant, too

restrictive or too permissive.
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"Diving Research" is an expensive form of research, and
therefore adequate funding must exist to make it feasible.
Much money must be spent on investments and consumables
(hyperbaric chambers and gas), and because "Diving Research"
is not a traditional university subject, special training
programs must be established to cultivate the personnel

resources.

It is important in "Diving Research”, as in any other
field of applied research, to present the results as
quickly and understandable as possible, so that the indu-
stry and the authorities can benefit from it directly.
Operational introduction of the results may be difficult
in several cases, and the participations of the research

worker in that process will often prove useful.
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2. INTRODUCTION

The state of the art in modern diving is a direct
result of extensive research with roots back in the
eighteenth century. Nevertheless, it was not until
the mid 1960's, with the prospects of deepwater oil
exploration, that diving industry and with it "Diving

Research" really flourished.

"Diving Research" is an unorthodox" area of applied
science destined to solve the problems related to "man

in the sea". Since there are obviously going to be both
men and hardware involved, "Diving Research" is calling
upon mutual cooperation between scientific workers from
biological and technological sciences. There are not
many areas where this constellation has had success,

but in "Diving Research" it has always been a necessity
due to the nature of the problems. I dare say that in no
other area of research would the medical doctor be so

helpless without the engineer and vice versa.
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The objective of "Diving Research" has always been and
continues to be , to find the limits of man's performance
at raised pressure, underwater. But although the "world
record" for high pressure exposure at 650 msw was set in

a US laboratory early this year, very little operatibnal
experience exists for diving deeper than 200 msw. And there
is serious evidence that the industry may encounter pro-
blems if routine operations are simply extrapolated into,

say 400 msw, using existing equipment and known methods.

Several countries have by now established laws and regula-
tions relevant to diving in their territorial waters,

and thus £he tolerated hazards to the people involved

have been defined for those countries. As a consequence,
new objectives for the research worker has been given,
either to help the industry comply with the laws and
regulations in force, or to prove to the relevant authority
that some particular regulation is irrelevant, too restric-

tive or too permissive.

"Diving Research" has been in existence in various places
throughout the world, butnot until 1976, when the Norwegian
Underwater Institute (NUI) was established, were these
problems given much attention in Norway. Since I represent
NUI in this context, the following must, therefore, be taken
as the thoughts and ideas: of the needs in "Diving

Research" formed over the last few years in Norway. But

most of it has been based on international contacts and

te
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literature and, therefore, the main lines will be indi-
cations of the global needs.

A good example of this is that the report of a British Government
committee on offshore safety, the Burgoyn-report /5/ has

got parallel views on several aspects treated in this

paper.
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3. TASKS

As a supplement to the above-stated general objective

of "Diving Research", it is important to define its .
specific tasks. Such tasks must be based on aims of a

more practical nature, and for the first five years period,

four such aims can be listed: .
- To make operational diving to 400 meters available

to the oil industry. The diving companies in question

must by then be able to work at such depths well

within existing rules and regulations.

- To make the working environment for.the divers as safe

as technicaly and economicaly possible.

- To improve the underwater contractors' ability to comply

with rules and criterias implemented by the authorities.

- To assist the authorities in their efforts to further

improve existing rules and criteria.

These aims require work in three specific fields; namély:

-~ Biology of diving

L X}

- Methods of diving .

- Technology of diving ' .
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But it must be stressed that the lines between these
three fields are not sharp and clear-cut. Since there
is a surplus of interesting material in all three fields,
a hard selection is needed to give priority to the

most important programs.

3.1. Biology of diving

Manned intervention under the sea surface involve problems
of medical, physiological, biochemical, ergonomic, phsycho-

logical and psychosocecial nature.

The highest priority should be given to medical, physiolo-
logical and ergondmic problems. Hyperbaric medicine and
physiology research must include animal experimentation
and subsequent follow-up with humans. Underwater ergono-
mic - is best attacked directly in connection with specific

tools and equipment development.

In hyperbaric medicine and physiology we have found it
necessary to give high priority to four _different programs

These programs will be discussed in the following.
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Exposure to high pressure causes many stresses on mam-
malian systems and these stresses, in turn, may compro-
mise the ability of that system to function in an
ordinary or competent manner. The broad objective of
this program, therefore, is to determine in what ways
and to what extent exposure to diving conditions affects

and limits man's capacity to do work.

All aspects of work "capacity" are of concern. The primary
goals of the program have been related to exercise capa-
city while using underwater breathing apparatur, however.
Man's ability to perform physical activity is critically
linked to his ability to obtain oxygen and eliminate
carbondioxide. These funtions are greatly influenced

by the ambient pressure, the inert gas composition and
oxygen content of the breathing gas and the imposition of
an external breathing resistance. .Current research has
been designed to determine the relationships between these
factors and the physical work output of the diver. In addi-
tion, the impact of compression and exercise on mental

and psychmotor functions at high pressure will be studied;
and such variable factors as the diver's thermal state,
physical condition, smoking habits, state of rest are of

concern,

The results of this program are expected to contribute

to our knowledge of what can be expected from a diver under a
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broad range of environmental conditions, proper engi-
neering design criteria and safety standards for under-
water breathing apparatus, and operational approaches

for work under extreme conditions.

Available information  indicates that there are three
main problem areas in the diver's work environment that
may lead to long-term effects on the individual diver.
Three organ systems need to be followed in a long-term

program:

i) Lung function and ventilation control

A survey of a population of divers has shown thag deep
diving may lead to changes in lung functions, such as
Functional Vital Capacity (FVC) and internal breathing
resistance measured with Forced Expiration Volume (FEV).
This is beneficial to the diver, and we shall try to
find the reason for this development, how long a periode
of time it takes before such changes occur and if they

are of a permanent nature.

Another ilimportant problem in deep diving is whether or
not, the body is able to sufficiently eliminate metabolic
carbon dioxide (COZ). Increased CO2 contents of the

blood stimulates the respiration centre in the Central

Nervous System (CNS) to increased activity, but above a
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certain level of CO2 concentration, poisoning accurs.

It has been shown that experienced divers may develope

a breathing pattern which predisposes 002 accumulation

in the body without giving raise to increased breathing
stimulation from the CNS. This is a dangerous develop-
ment because when CO2 concentration in the body increases
towards poisonous levels, the diver is more vulnerable

to oxygen poisoning and nitrogen narcosis and the body
heatloss is accelerated. We shall try to find the reasbns
for this, how long it will take to develop such changes

in lung functions and if the changes are of a permanent

nature.

ii) The inner ear (labyrinthine)

The inner ear includes the organs for balance and hearing
(the vestibular apparatus and cochlea together make up the
labyrinthine). Earproblems in diving were studied

early in history; in the diver's situation there are many
factors that may damage the fragile orgaﬁs*in the ear,

and frequently dives are aborted due to acute ear

damage. Factors such as barotrauma, head injury, noise,
decompression illness, poisonous pollution of the breathing
gas, oxygen poisoning and asphyxia have lead to ear damages.
But it has not been shown if divers as a group are more
vulnerable to chronic ear damage than the normal population
when no acute damage has been diagnosed. We shall endeavor
to find answeres to these problems and shall work for eli-

mination of the risk of ear damage in divers.
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In particular, we will aim at a better work environment
for divers who are using eguipment giving off strong
acoustical noises. Criteria for tolerable noise expo-

sure will be established and necessary noise-reduction

measure will be proposed.

iii) Central Nervous System (CNS)

Through retrospective and prospective investigations

in neurological, neurophsychological and - psychosocial
matters, groups of divers and diver trainees are compared
to control groups of non-diving personel. The methods
that are being used, are based on extensive and well-
accepted test "batteries". The results og these inves-
tigations may have an impact on diver selection in the

future.

It is inherent in the nature of the problems that pro-
spective investigations of long-term effects of diving
must be carried on for several years to obtain relevant

and significant data.

It is of significant interest to maintain a relatively
high oxygen partial pressure in the diver's breathing gas.
For example, oxygen breathing will shorten the total decom-
pression time needed after any dive. But this method of

course adds the risk of oxygen poisoning. Today there are
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no safe limits of oxygen partialpressures established,

partially due to the complexity of the problem.

L2}

It is our aim to define safe partial pressures for : -
oxygen. Another part of this program, addresses itself
t6 the effect that pressure seems to have on blood
circulation in the body organs and the antagonistic

effect of pressure to anaesthetics.

The nature of the problems dealt with in this program
are of a fundamental character. 1Initially they must
therefore be approached through studies of biochemical

and animal models.

———— O G e s e S Gy G e — . — Vo G Y ——

A man's physical and mentél per formance can only be
obtained when he is in thermal balance. ShoulQ this
thermal balance be oﬁly slightly disturbed, death may
quickly become the result. Diving in cold water implies
loss of body heat if proper protection is not maintained.
Problems of heat loss in a hyperbaric environment increase
with increasing pressure and with the use of helium-

oxygen breathing mixtures. They are not limited to the .

divers stay in the water, but extend to his stay in the 3
diving bell or the decompression chamber. Calculations .
of the divers thermal balance are based on knowledge .

of his .body temperature and heat loss. These calculations -

are difficult to compare, because the said variables are
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dependent on the measuring technique and extent of

heat loss.

This program can be subdivided into three main problem

areas:

i)

ii)

iii)

Deep diving with active thermal protection should

be investigated thourough realistic inwater dives

down to 400 - 500 meters, where water temperature

is maintained at North Sea level. This will provide
information on the efficiency of today's thermal
protection devices, such as hot water systems and
breathing gas heaters. Existing information on

this is based on dry chamber dives and mathematical

models.

Diving with passive thermal protection in cold water
may result in serious thermal problems for a diver

at any depth, and the percentage of cold water deaths
that can be traced back to excessive heat loss is
open to speculation. By increasing the information
available on heat loss at different temperatures and
different passive thermal protection, the safety of

coldwater diving will be directly affected.

A prolonged stay in a cold hyperbaric helium atmos-

phere will lead to excessive heat loss much faster
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than in an air atmosphere at the same temperature.
Comfortable ambient temperature in a helium atmos-
phere is around 30 ©C. Current knowledge of
thermal balance in a cold helium atmosphere is
inadequate. A diving bell cut off from its power
supply represents an extreme situation in this
respect, and further investigations should be made
to set firm criteria for the design of diver sur-

vival systems.

3.2. Methods of diving

The methods used in the execution of dive-operations

are normally written in procedures, manuals, tables,
contingency plans and maintenance schemes. This is the
field where the bioiogists, technologists and operational

people are working closely together.

Three programs should be focused upon in this field:

Changes in breathing gas and/or ambient. gas and pressure
can cause unfavorable ‘changes in the body of a diver.
These can lead to an acute depressed medical c¢ondition,
varying from discomfort to severe pain and possible death.
There may also be chronic health damage. Implications .
of these problems are increased risk, reduced work output .

and increased costs for diving operations.
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As a consequence, the goal of this program is to learn
more about when and how such problems develop and how

to avoid them.
Work will be carried out on the following topics:

1) Investigate aetiology of decompression sickness
(bubble formation, consequences of bubbles in the
body, and their resolution). At NUI this effort will
primarily consist of a féllow-up of what has been
done elsewhere and what can be learned from operational
data. We will also carry out theoretical and experi-

mental work ourselves.

2) cCauses for "High Pressure Nervous Syndrome" (HPNS)
associated with compression to high pressure (150 -
500 meters depth). For the near future, at NUI
this part of the program will consist of following

up work carried out in other laboratories.

3) Develop practical decompression procedures based on
known principles and experiments. This is to be
done both to replace current therapeutic and
operational procedures with better ones and to facili-
tate new types of operations. In this program proce-
dures will be tested under controlled and safe condi-
tions in NUI's chamber system. We will also follow-

up and modify these procedures when they are used.
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4) Monitoring and diagnosis.
Work to improve the ultrasound detection of bubbles
in the bloodstream is in :progress at NUI, also
work on the electromagnetic detection of gasphases -
in tissue has been started. Both methodes will be further
developed.
Other methods for decompression sickness and HPNS-

detection will be studied and developed if promising.

Modern computer technology and field data processing
should be used as tools to increase and maintain a high
level of safety. in dive operations. Present regulations
in the North Sea area have made it mandatory for the
dive companies to log and store vital information from
each individual operation. Examining doctors shall also
complete extensive forms for each individual diver on the
annual medical examination. Until now, these sources of
information have rarely been exploited, one reason being,
of course, that the reliability of handwritten data is
expected to be fairly low. Future practice will lead

to introduction of a "black box" type dive recorder which

will be ideally suitable for computer analysis.

Data banks and analytical- tools for field data processing .

will be of mutual benefit to both operations and research. g
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A number of situations exist where divers are more vulner-
able with less chance of rescue than regular offshore
workers. It is therefore necessary to look into rescue
possibilities for divers and to try to establish an opti-
mal system for diver rescue. This program must address

itself to the following list of problems:

- Risk evaluations

Diver's heatloss and rewarming in emergency

Emergency gas cleaning procedures

Emergency power sources
The state of the art in this respect calls for practical

typés of experiments where known or proposed systems are

being evaluated.

3.3. Technology of diving

Technology of diving represents both the technical
aspects of bringing the diver safely to his worksite

and the technology needed to make him perform useful‘work.
The problems related to this are of physical, electrical,
chemical and mechanical natures, and must be solved by

application of good engineering practice.

This field of research and development at NUI involves

three programs:
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This program addresses itself to problems related to

- Diver communication

- Monitoring of physiological and techical parameters
These problems can be solved only by application of
fundamental principles of electron-optics, acuostics,
digital signal processing and general instrumentation.

Conrete work tasks under this program are:

- Development and operational introduction of special

diver lexicon for use in diver training programs.

- Development of hardware such as improved unscrambles :

for helium-voice, emergency communication devices etc.

- Development and operational introduction of suitable

sensors for diver and equipment monitoring.

4

An important task that must be performed before deep diving
is extended operationally to 400 - 500 meters, is to
improve existing individual breathing equipment. Environ-
mental control systems must also be improved to some extent,
and oxygen supply systems must be made safer with respect

to explosion hazards.
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Therefore, this program is designed to:

- Test existing and new concepts for gas delivery
to a diver in the water. The use of a breathing
simulator is quite essential here. Parameters such
as breathing resistance, temperature stability and
humidity stability in equipment for use down to
400 - 500 meters must meet the criteria established

in the Diver Work Capacity program described above.

- Test out new concepts for environmental control

in hyperbaric welding habitats.

- Develope safe criteria for components in oxygen-

supply circuits.

Underwater tools

This program is aimed at increasing the efficiency of

dive operation in general. In offshore operations, it
often happenéthat several ﬁillion dollars

worth of equipment and vessel are standing by while one
diver single-handedly performs work with his handé. It

is, therefore, important that the tools he uses are adapted
to his needs and limitations. The following subprojects

will be handled under this program:

- Functional testing of underwater tools
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- Measurement of performance in different

work tasks under water.

- Evalutation of safety aspects linked to the opera-

tion of underwater tools

-~ Improvment and development of new types of under-

water tools

The program will develope and use standardized system of
work tasks. ("Performance Test Rig") put together in a
pattern so that objective measures of performance can
be established. Efficiency criteria for underwater tools

will be settled.
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4. MEANS
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To perform the tasks referred to above, two basic

resources are needed, facilities and personnel.

The latter is definitely the most important, but also

the most difficult to obtain. Technical facilities

can be built or simply purchased on the open market.

Expertise must be cultivated.

@2200 M
lgﬂﬁg § BALCONY
@ N
BALCON Y 3N Chamber No.1 BASIN
o Dim. 5000 X 7000 x 3500
li § UW light
3 -
ChamberNo.2 22 M window 60x100 cm
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e ‘:" 2 &
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(-8
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Figure 4.1. The lay-out of the existing research

chamber unit at NUI
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4.1. PFacilities

The most important piece of equipment in a research

establishment dedicated to "Diving Research" is the

hyperbaric chamber unit. Such a laboratory can be

situated anywhere on land, but in addition to the ‘ .

features needed for research purposes it must also

have built-in all the safety features demanded by the

Y

local diving regulations and perhaps a bit more.

The features needed to make a hyperbaric chamber system

a good tool for research can be

summarized as follows:

- Modular construction (i.e. at least 3 or 4 separate

but connected chamber units)

1:

Diving bell/water environment

Simulated bell excursions down to 650 MSW -
Arctic or tropic seawater conditions
Job-training in controlled environment

In water physiological experiments
Hyperbaric wet welding

Dry Habitat

Hyperbaric welder performance testing
Hyperbaric welding procedures qualifications
Dry pressure testing

Medical care of divers under pressure — equippec
with special surgical equipment

Rescue of divers from rescue vessels (TUP) with
or without mating equipment

Dry physiological experiments

Wet pressure testing

External and internal static pressure testing .
Dynamic forces during pressure testing .
Effects of temperature on pressure stability

Figure 4.2. Operational modes of the work chamber at NUI
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- One of the chambers in the unit must be dedicated to
work and experiments. It must therefore have -
Wet and dry operational modes

. Water temperature control within a fairly large
range (0° ¢ - 30° ¢)

. As many throughull penetrators as possible.
Preferably, this should be a modular system so
that penetrators can be changed out quickly

. Possibilities to get large and heavy objects into
the chamber without too much trouble

. Much available space around the chamber for instru-
mentation purposes

- Reliable and accurate environmental control system

- Depth capacity at least 650 meters of seawater™
equivalent dive depth

- Standard instrumentation of high accuracy

- Good visual monitoring facilities

(View ports and closed cirquite TV)

All these features have been incorporated into the

existing NUI system. The total cost of a hyperbaric
facility as described when operationally tested and
accepted, will be in the order of Nkr 20 - 25 mill.

today. (US $ 4 - 5 mill.)

Even though a very expensive unit, the hyperbaric

chamber system remains only one of the tools of the research

worker in "Diving Research". Laboratory equipment,
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computers, special instrumentation and software must
also be parts of the total facility and a minimum

cost today for such equipment will be in the range of

L]

Nkr 10 - 15 mill. (US $ 2 - 3 mill.) A .

And during the actual experiments in the hyperbaric
facility a high turnover of consumables must be

expected. 1In particular, the helium gas costs are
significant. As an example can be mentioned that if

the NUI chamber at maximum helium pressure is vented to
the surroundings, the net cost is approx. Nkr. 0,25 mill.

(US $ 5.000).

4.2. Personnel

As stated earlier in this paper, there are not many
competent research workers available within "Diving
Research". Therefore, one of the main problems con-
nected to the establishment of a "Diving Research"
laboratory is to get the right people and to develope
them into competent "Diving Research" workers.

In the author's opinion, when a decision is made to
establish a "Diving Research" laboratory, an amount

of money equal to the hardware costs should be set
aside as "investment" in the personnel resource.
Training programs should be set up so that engineers,
doctors, physiologists and other cathegories can
develope themselves and get good understanding for the
scientific parts as well as the practical parts of
"Diving Research". To understand the requirement of
the diver, the reserach worker should also be encouraged

to do some diving himself. The problems met upon when
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submerged in water are impossible to fully appreciate
without getting wet. Some times the research worker
can also learn more by being the experimental subject

himself inside the chamber or in the water.

"Diving Research"opens a large field for application
of more traditional subjects, and established research
workers in other relevant fields, should be encouraged
to apply their methods in "Diving Research". Thus
bringing in the competence of the univefsities, hospi-
tals and other research institutions, who themselves
have not got the expensive hyperbaric chamber unit

needed.

In féct, Professor Christian Lambertsen of University

of Pennsylvania, one of the pioneers in "Diving Research",
once said /1/ that no "Diving Research" laboratory will
fully succeed in their efforts, if not closely linked to

a university somehow.



258
5. RESULTS

The dilemma of the applied research worker is to
balance between how quick a requested result shall
be given out to the public and how long to continue
work to get a proper job done. In "Diving Research" .
this is accentuated, because not only do the industry's

prosperity depend on the results, but also human safety.

Scientific results are normally published through re-
nowned scientific journals. "Diving Research" has even
got a few of its own, one for biology and methods of
diving called Undersea Biomedical Research /2/ and one
more technically related, called ﬁquipment for the Work-
ing Diver /3/. The scientific¢c journals are good for
getting constructive scientific criticism on a paper.
But it may take long before some results become known
to the industry and the divers that way, because of the
time lag to get the paper accepted and subsequently
published. Feedback to the research worker from the
operational people is very important in "Diving Research"
and therefore we at NUI have decided to pusblish a
newsletter /4/ free of charge that gives shorter infor-
mation on ongoing projects. The readers are asked to
give comments, critisicm, advice and new ideas.

' L
Introduction of the results from research into the
real world - operational diving, may be a problem.
Some problems may be reléted to physical limitations

on the work sites, but the more important ones are v
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those of inherited conservatism and scepticism in

the operational diver.

; It has, therefore, many times proved useful and
sometimes necessary, that the research worker or
inventor follows up the operational application of

his results or products. This is particularly true
when introducing new operational procedures or tables.
Written guidelines are never so useful as are physical

presence and oral and practical demonstrations.

29.5.80
PM/ep/ked
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DIVING MEDICINE
by
Dr. K. SEEMAN

Leiter des Schiffahrtmedizinischen Instituts der Marine,
Kopperpahler Allee 120, D -2300 KRONSHAGEN (FRG)

SUMMARY

The most important aspects of diving medicine for the layman are

described.

Those diseases associated with diving which can be considered as
true 'diving diseases' and are not attributable to other cir-
cumstances during diving (e.g. injuries or hypothermia) are divided

into three groupss

- conditions eccurring during descent, or 'barotrauma', due to
inadequate pressure equalization in air-filled cavities of the
body such as the middle-ear or lungs,

- conditions occurring during diving work such as hypercapnia,

hyperoxia, narcosis, etc.

- conditions occurring during ascent or thereafter. Particularly
common ones aret caisson disease (also referred to as decompression

sickness) and over—expansion of the lungs.

Firstly the causes of these diseases will be outlined, the symptoms
will be explained and the secondary and delayed damage will be
described.

This demonstrates the significance and necessity of comprehensive
medical check-ups for divers and the importance of adhering to
safety regulations. These precautions help to limit the number of

diving accidents.
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The most important treatment for the above-mentioned diseases is

recompression, i.e. subjection to increased pressure in a special
pressure chamber. In this connection some technical and practical
details are given, the requisite 'treatment tables' are discussed

and attention is drawn to the danger of relapse.

Finally, some general statistical data are given on the frequency

of diving accidents and the causes and types of accidents occurring.

L
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DIVING MEDICINE

by
Dr. Klaus SEEMANN

Director of the Schiffahrtmedizinisches Institut der Marine,
Kopperpahler Allee 120, D-2300 Kronshagen

PAPER

As the diver operates in an non-physiological enviromnment, the health
hagards are greater than in other types of occupation. The aim of this
paper is to give a brief outline of the main aspects of diving medicine
for the layman; no claim is made to exhaustiveness. The paper does not
discuss disorders which are only indirectly comnected with the stay
under water, such as injuries and hypothermia, nor the specific problems
occurring only in special cases such as mixed-gas or saturation diving.

For systematic reasons divers' diseases are divided into three groups:

A) Affections during descent are known collectively as 'barotrauma’.
This ocours when there is no pressure equalization in an air-filled
cavity in (or on) the body. The eardrum and middle ear are most
frequently affected, because the Eustachian tube is blocked (or
partially blocked) as a result of a cold or some sort of anomaly. It
can lead to earache, loss of hearing - and even perforation of the
eardrum - and hydrotympamum (discharges from the middle ear). The
sinuses are also endangered if the air passages are blocked. Other
possibilities are barotrauma of the teeth (air bubble under a filling
or crown) or of the external auditory canal(as a result of hermetic
sealing by a hood). Air trapped in the rigid folds of a dry suit
leads at greater depths to barotrauma of the skin.

The most dangerous form is pulmonary baroirauma, which affects a
full-suit diver who suddenly changes his depth ('crash dive'). The
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air in the helmet and suit is forced upwards and the relative

vacuum thus created in the rigid upper part has a suction effect

on the face and neck (cyanosis) and continues into the lung, resulting

in pulmonary oedema, right ventricular strain and hypoxia in the .
general circulation. Because of the large change in volume in .
relative terms, a crash dive gjust under the surface is more dangerous

than at greater depths. ,

B) Diseases during diving include:

c)

- rapture of the depths, assort of nitrogen narcosis, which is
similar to alooholic intoxication and with air respiration at
depths over 40 m leads to light-headiness and slow reactions and
over 60 m to poor coordination and rash actions;

- carbon dioxide poisoning, which can be caused by faulty ventilation
in helmet outfits or by deliberate 'economy breathing', by damage
to the absorbent in self-contained breathing apparatus, by the
intake of 002~polluted air (compressor exhaust:gases) or by too
much dead space in front of the respiratory passages;

- oxygen poisoning with diving equipment which operates with a higher

O2 concentration;

- anoxia owing to lack of an air reserve or of using the wrong air
mixture; and

- unconsciousness due to many causes, e.g. fainting, hypoglycemia,
following an infection or as a result of undetected heart disease
or tendency to epileptic or other types of attacks.

In all cases the diver -~ especially the snorkeller - runs the risk
of drowning if action is not taken in good time.

The main diseases during ascent or thereaftier are caisson disease

and overdistention of the lung. The former, also known as decompession

sickness, occurs if the decompression rules aee not observed after a .
period spent in water more than 10 m deep. It is caused by nitrogen

bubbles in the blodd or tissues, as the nitrogen which does not

take part in the metabolic process is released in inoreasing g
quantities during the dive as a result of its high partial pressure
and carmot be eliminated in sufficient quantities via the lungs if ' ‘
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the amcent is too quick., While the nitrogen bubbles in the tissue
cause pains in the muscles and joints ('bends'), in the biood
vessels they lead to gas embolisms, the symptoms differing depending
on location. The severity of the disease depends on pressure and
time.

If there is not sufficient exhalation during rapid decompression e.g.
a snorkeller's 'emergency ascent', so that the air expanding in the
lungs as a result of the falling ambient pressure camnot eaca.'po, the
lung becomes overdistended and air may enter the vasoular system as

a result of alveolar rupture or even through undamaged alveolar walls.
The same happens as a result of obstructions in the respiratory
passages or hereditary 'weakmnesses' of the lung tissue if the pressure
falls abruptiy. A few metres'! difference in depth covered quiockly

is sufficient during diving to cause a pneumothorax, emphysema or

air embolism of the brain (sometimes of the coronary vessels as well).
Unconsciousness almost always ocours, accompanied — as in the case

of caisson disease - by paralysis, loss of central functions, and
sensory disorders of varying degrees as a result of the embolic

blockage.

Incapacity of more than temporary duration, which can odcur after
all the above-mentioned affections, is caused by virtually only
the secondary damage or residual conditions after caisson disease,
which may be neurological, sensory-physiological or memntal. Im
recent years aseptic osteonecrosis with arthrotic changes of the
large joints = especially in the upper arm in the case of divers -
has been observed as a result of inadequate decompression.

As a rule, incapacity of older divers is caused by diseases which
are only indirectly connected with diving, such as various types of
rheumatic deseasey mrthrosis and kidney affections.

Because of the constant health hazards, physical fitness is of
prime importance. Particular emphasis must be placed on normal
functioning of the heart and ciroulatory system and the lungs and
respiratory system. The ear-nose-throat area, too may not show

any pathological changes. In addition, there should not be any
affections which oan be aggravated by inoreases in pressure (e.g.
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hernia, oranial trauma, malignant mypoia), or chronic diseases which
can suddenly become acute again (e.g. lithiasis, gastro-intestinal
ulcers, convulsions, etc), thus necessitating an immediate ascent,
which is not always possible. The main coriteria of suitability are
physical fitness and menbal stability.

An exhaustive inventory of all the pathological conditions which
rule out diving is net within the scope of this paper. Reference
should be made to the relevant literature. An overstandardized
assessment serves no purposej each individual case must be judged
on it merits. A balanced judgement can be made only on the basis
of all the findings.

A restriction of diving activity on health grounds to certain
types of equipment, methods or depths has no point, it being
impossible to monitor observation of the restriction; this may be
invalidated by unforeseeable ocourrences and because bhe strains
and stresses are greatest at shallow depths (doubling of pressure
between O and 10 m 1).

The best medical prophylaxis against diver's diseases is a thorough,
regular examination of the diver and the scrupulous observation of
all safety regulations.

In order to prevent barotraumata of the tympanic cavity and sinuses,
a person suffering from diseases of the upper respiratory passages
must not be allowed to dive. A crash dive can be avoided by proper
roping of the full-suit diver. The prevention of caisson disease
involves precise observation of the decompression rules. The
prophylaxis against overdistemtion of the lung requimwes iraining
in the emergency ascent.

The health hazard of diving can be reduced buy not eliminated by
the above-mentioned prophylactic measures, an initial examination
by a qualified consultant in diving medicine, regular check-ups
and observation of industrial safety and accident prevention
regulations.

The only effective treatment of decompression diseases is
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recompression. It must begin immddiately after the appearance of

& symptom and take place at an adequate pressure and for a sufficient
length of time. Provision must be made for this when a diving
operation is being planned.

As recompression by further diving is always unsatisfactory, emntails
fresh risks and frequently makes the complaints even worse, &
pressure chamber is required. A distinction is made between
'transfer chambers', which are used at the point where the dive takes
place and enable treatment to begin immediately, and 'treatment
chambers', which are found only in certain diving medicine centres
(or also on board a ship). The former can in most cases accommodate
only the victim, sometimes an assiiktant as well.

In serious cases, however, the presence of a docter is required in
the treatment chambsr. Until the doctor arrives, an attemdant
instructed by him should take care of the diver (both the dootor
and the attendant must be physically fit for work in overpressure).

In slight cases, additional therapy with other physical measures or
drugs is often not necessary. On the other hand, in serious cases
(e.g. ciroulatory failure) d.rﬁgs, infusions or resusoitation may be
required. Such treatment is possible enly in a treatment chamber
with more than one seat. As a rule, treatment begins immediately in
a transfer chamber at the point where the dive took place, and the
patient is transported to a treatment chamber and transferred at

the same pressure.

Recompression treatment with oxygen respiration cuts down the
treatment time and reduces the danger of a relapse. Treatment
chambers should therefore always be equipped with an oxygen respirabor.

For ireatment of divers there are *treatment tables®, which, although

differing from couniry to country, are based on standard, inter—

nationally recognized principles. A distinction is made between

- slight forms of caisson disease (pain in the joints and limbs,
cutaneous symptoms);

- severe forms (ceniral nervous disorders, circulatory failure,
respiratory and abdominal symptoms); and
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- air embolism.

Irrespective of the original diving depth, the tables give information
about the initial pressure required, the length of time to be spent

at specified pressure intervals during the return i@ normal pressure,
and periods with oxygen respiration.

If complaints persist after recompression treatment or recur after
the treatment is ended, further recompression is the best ireatment.
In addition, drugs can be used to stimulate the miorocirculationm.

The frequency of diving accidents is discussed elsewhere. However,
statistics of fatal diving acoidents in America (Schemk, 1975) seem
fairly representativer of 163 diving fatalities analysed, 81%
involved amateur divers using breathing equipment, 9.2% amateur
divers without equipment, 9.2% professional divers and 0.6% military
divers. (Half of the professional divers had equipmemt supplied
from the surface and half had independent equipment.)

Comparison of the statistics on causes of accidenis gives the

following frequencies in decreasing order:
- inadequate safety measures or failure to comply with s&fety
regulations ('human error?');

- undue risk (especially in the case of amateur divers);
- personality defects of the diver;

- diving despite physical defects;

- in last place only: equipment failure.

The iypes of accidmmts have the following frequencies:
-~ caisson (decompression) disease;

- asphyxia, anoxia (oxygen deficiemcy);

- unconsciousmess, collapse;
- overdistention of the lung;
- barotraumata (especially of the ear);

~ poisoning (carbon dioxide, rapture of the depths, oxygen);

e
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- after-effects of diseases ;
- injuries under water.

Many of these accidents can be avoided by more careful medical examination, improved train-
ing and monitoring of compliance with safety regulations.

Editors Note :

In October 1978 an international Congress on the “Medical Aspects of Diving Accidents”
was held in Luxembourg by the Safety and Health Commission for the Mining and other
Extractive Industries, and the European Undersea Biomedical Society.

Dr Seemann was one of the Chairmen for the 1978 Congress and for a fuller treatment of this
subject, reference should be made to the procedings of the Medical Congress. Copies of these
can be obtained from the Secretariat of the Safety and Health Commission for the Mining
and other Extractive Industries, Commission of the European Communities, Bdtiment Jean
Monnet, Kirchberg - Luxwembourg.
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THE “PH-PHOENIX” PROJECT - A MULTIPURPOSE SUBMERSIBLE

A major improvement in safety, operational capability and economy
in underwater manned operations with the introduction of the “close-cycle diesel engine” concept.

SUMMARY

by

Dr. G.G. SANTI
General Manager - Sub Sea Oil Services S.p.A. - Milan (Italy)

It is generally accepted that diving from dynamically positioned
vessels still involves a higher risk than diving from a
traditionally moored vessel.

Furthermore, the deployement of a bell from a D.P. vessel in
the vicinity of a structure allowing diver intervention with a
standard length of umbilical, is very seldom accomplished with
full work results owing to the various interferences affecting
this type of operation. Weather conditions and specifically
wind and current direction too often come from the wrong side
in relation to the ship-structure position.

Traditional lock-out submersibles have limited power autonomy
relating to the diving endurance in saturated conditions. For
example, the thermal balance of divers in a deep oxyhelium
atmosphere, in operational condition,and the power supply for
the survival systems to cope with an emergency situation on the
sea bed is pratically non existant.

Hyperbaric rescue chambers or lifeboats actually used to evacuate
divers in saturation conditions have still to show effectiveness
in heavy weather conditions whilst a multipurpose submersible
craft could rapidly dive and navigate underwater, move away
unaffected by the surface weather conditions, avoid collision
with the ship and/or platform, and steam away from dangerous
positions during blow-outs, fire on board or fire on the sea
surface.

Furthermore, divers exposed to wave action in a small hyperbaric
surface lifeboat could seriously be affected by seasickness with
consequent dehydration and this matter has not been sufficiently
investigated yet.

Based on this type of consideration and by individuating many
other potential fields of application, in 1973 S.S.0.S. began
the in house study of an autonomous submersible unit inclusive
«f a diver lock out system capable of excursions to 1000 metres
w1 whose main characteristic is the '"close-cycle diesel engine''.

LAt
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The 'close—cycle'" diesel engine

This unique engine developed by Sub Sea 0il Services S.p.A. is
the heart of the whole system allowing both surface and
underwater navigability.

Various types of diesel engines with power levels between 10

and 150 HP, have been modified and tested in our laboratories
in the past seven years to make them suitable for application
in a submerged craft without the use of the traditional snorkel.

We carried out our trials taking into consideration previous
experiences accomplished by other nations on the same technical
application and in particular those of U.S.A., Japan, Germany
and England.

A conventional diesel engine intakes air, that is a mixture of
nytrogen (79%) and oxygen (21%).

By mixing the air with the diesel oil and passing through the
phases of compression, combustion and expansion, the mechanical
work is produced.

Exhaust gases, mainly COs and water vapour with impurities and
solid particles, are exhausted and dispersed in the atmosphere.
In our''close-cycle diesel engine'", which must operate in a
confined space without external links, the exhaust gases are
recycled to the engine intake, consequently the following
problems must be solved :

a) Oxygen burnt in the combustion phase must be injected in a
quantity proportional to the combustible.

b) The exhaust gases must be cooled, purified and recycled to
the engine inlet.

c¢) The excess of gas in the closed circuit must be instantaneously
expelled to avoid overpressurized conditions in the circuit
itself.

d) The engine is part of the submersible and any change of the
initial loads of oxygen and diesel oil must be instantaneously
compensated to avoid trimming and buoyancy changes.

These and other problems have been identified and solved with
unique patented methods and Sub Sea 0il Services is, at the
moment, producing the first operational submersible to ?e
operated with the close-cycle diesel engine for commercial
This will include diver lock-out, salvage and

operations. : .
mospheric deep interventions with

rescue applications and at
relevant manipulators working capability.
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The state of the art - April 1980

Sub Sea 0il Services began the research project "PHOENIX'" in
the early seventies and in 1973 laboratory simulation of
various parameters began and the real project commenced.

In 1976 the close-cycle diesel engine was installed for the
first time on board a submersible unit, the PH - X02, which

was suitably converted to cope with this particular application.
This experimental prototype, on which all the "wet'" trials

have been accomplished, has today summarized 3200 hours of
"close-cycle'" submerged navigation, while four laboratory
engines have produced a total of 6000 hours of work with peaks
of 500 hours of continuous engine running in the close-cycle

mode at 10% overload over maximum power indicated by manufacturer.

The engine has also logged several thousand hours of surface
navigation which is not even worth mentioning due to the fact
that the engine itself is "born" for surface application.

The "PH - 1000/1'', the first lock-out submersible for commercial
operations powered with two close-cycle engines of 90 HP each,
is one of the S.5.0.S.'s 1980 targets and the construction phase
will be accomplished by December 1980.

How the "PH - PHOENIX' programme is laid down

The "PH - PHOENIX'" programme includes the production and
commercialization of two classes of submersibles and one
class of submarine, all being powered with the 5.5.0.S.
close-cycle diesel engine.

Class "PH — 1" will include the short range submersible capable

of operating in conjuntion with a saturation system installed
on board the support vessel, able to provide 24 hours
continuous lock-out services at maximum power output, to a
maximum depth of 500 metres without compulsing the mother ship
on location in D.P..

This class will also include observation and atmospheric working
submersibles with a working autonomy of 250 miles underwater
navigation at full power and 250 miles at surface, plus a 24
hours period of sea-bed sitting, during which time the diving
lock-out work will be carried out.

In addition 72 hours of survival time are considered, as a
minimum standard, for any emergency situation, with the craft
steady on the sea bed.

>y
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The maximum manning level of this class will include three
atmospheric pilots and ten saturated divers.Working capability
to 1000 metres.

Class "PH - 2" will include the middle range submersible capable
of operating as an autonomous saturation unit with a range of
action of 250 miles at 14 knots speed to a maximum diving depth
of 500 metres and observation/atmospheric working depth of 2000
metres.

A survival time of 72 hours is considered relating to the
maximum number of people on board which is 15 for this class.
This includes four atmospheric pilots and supervisors/technicians.
This class will be tended by a tug or supply vessel to provide

continuous communications and positioning.

Class "PH - 3" will include the long range '"submarine' with an
intervention capability of 500 miles and a diving working autonomy
of 24 days to 500 metres and to 2000 metres in the atmospheric
mode. The crew will reach the maximum level of 22 men, to include

divers, pilots, technicians and possibly rescued crew from a
distressed submarine.

Safety consideration relating to the 'PH - PHOENIX'" programme

The safety of diving operations are greatly improved with
the introduction of the "PHOENIX" concept.

a) Diving in dynamic positioning will be simply eliminated
with the deployment of the "PH - 1000/1'" lock-out
submersible assisted with communications and positioning
system by the support vessel.

b) The multipurpose "PH - 1000/1" system will accomplish
any kind of inspection and maintenance on a long distance
self-contained autonomy which undoubtly also means a
considerable improvement in safety for the occupants of
the underwater vehicle.

¢) The "PH - 1000/1" of the class PH-1 will also represent
a new efficient way to evacuate divers under pressure
whenever an emergency situation arises on board the ship
or platform.
In fact the "PH - 1000/1" will be normally connected to
the saturation unit in substitution of an SCC and the
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handling system will include a passive mean to lower it
at sea and to disengage it from the lifting wire to cope
with the eventual installation total black-out.

The middle range class "PH-2" will provide a substantially
different working tool for those applications within

250 miles from the shore base. Diving operations and
inspections or atmospheric interventior will result
unaffected by surface weather conditions still maintaining
the highest level of safety.

Diving safety will also be improved as the "PH - 1000/1"
lock-out submersible will find its position very close
to the diver's intervention place and the supervisors
will have the possibility to '"see' the diver while he

is working.

The major improvement of safety in these circumstances
consists in having a supervisor who, at atmospheric
pressure, can intervene to advise the diver of possible
existing danger or starting during his operation.

Geophysical and seismic exploration will be practically
carried out without meteorological limitations and

with a great safety factor introduced in relation to
weather working conditions.

Powered tools will be activated from the lock-out
submersible and, safetywise, a great advantage is envi-
saged by the elimination of surface umbilicals which
too often produce problems of primary importance mainly
due to the movements of the surface vessel and current.

A semisubmersible or vessel operating in D.P. close to

a fixed structure always represents a very high potential
risk of collision. The "PH'" approach eliminates this

type of risk.

Some economical and commercial considerations

Today the estimated day rate for a D.P. vessel ranges between
90.000 and 30.000 U.S. dollars while the specific day cost
for the bunker consumed to maintain the vessel in D.P. for

launching the SCC and for keeping it in position could
approximatly range between 40.000 and 15.000 U.S. dollars.
i¢ is evident that the "PH - 1000/1" application could
represent a major investment saving in substitution of a

traditional saturation diving bell.
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The PH-2 PH-3 classes will similarly represent, in their
multipurpose applications, a substantial cost reduction

of the offshore underwater inspection, maintenance and
repair combined with a sensible increase of the operational
diving work outcome and with a great improvement of safety
in diving and in submersible operations.

It is worth considering that in the near future the 'PH"
autonomous underwater vehicles, operating together

with a fire fighting vessel, will represent the safest and
most economical alternative to semisubmersibles and other
production support vessels in the o0il and gas offshore
industry.

The "PH" "submersibles'" and "submarines" will also represent
an important working tool in the deep sea mining venture,
with particular reference to manganese nodule fields.
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THE “PH-PHOENIX” PROJECT - A MULTIPURPOSE SUBMERSIBLE
A major improvement in safety, operational capability and economy
in underwater manned operations with the introduction of the “close-cycle diesel engine” concept

by

Dr. G.G. SANTI )
General Manager - Sub Sea Oil Services S.p.A. - Milan (Italy)

PAPER

A major improvement in safety, in operating range and in economy of
underwater manned operations, utilizing the 'closed-cycle diesel

engine' concept.

This is the first time that we present our new multipurpose lock-out
submersible at an international symposium. The unique and revolutionary
propulsion system of our PH type submersible constitutes a major
improvement in the safety of underwater manned operations, combined
with a considerable increase of operating trange whether in the atmo-

spheric mode or for the hyperbaric operations of saturation divers.

Before going into the technical aspects of this new underwater tool,

we wish to make some practical remarks on present offshore activities
which will help to explain the reasons why, eight years ago, we decided
to venture into this expensive and difficult research project, antici-
pating the need in the eighties for a more powerful and safer multi-

purpose underwater vehicle.

Recent North Sea development has called for the construction and
installation of a large number and wide variety of structures, all
of which require underwater inspection for various reasons.

We refer particularly to fixed steel and concrete platforms, subsea
completions and wellheads, loading buoys, buoyant towers for wading

and flaring, pipelines, etc.

Underwater inspection requirements are usually decided either by the
operator of the installation for specific circumstantial reasons or

by the certifying authority under safety requirements.

ve
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Today routine certifications and underwater inspections in the

North Sea alone account for approximately 75% of the total workload,
the remainder being associated with construction and repair.

The estimated expenditure in the North Sea on all inspections
underwater, including structures and pipelines, ‘will be between

60 and 70 million pounds in the year 1980 while the forecast for

the mid 1980's 1is expected to rise to 85-105 million pounds.

The present submersibles cannot meet the ever increasing operational
range or they operate uneconomically due to one characteristic which
is common to all submersibles today operating worldwide: the limited

power capacity of storage batteries.

Furthermore, if we consider the application from a safety point'of
view we can easily see that the existing underwater vehicles are less
and less able to cope with the increasing demand for absolute opera-

tional safety.

We particularly refer to diving operations from dynamically positioned
vessels, where to the diving risk itself we have to add the intrinsic
risk of the pcsitioning system of the ship or platform from which the
dive is carried out. In fact the deployment of bells from a D.P.
vessel or rig in the vicinity of fixed structures very often represents
a risk due mainly to the sea state, currents, wind direction which give
rise to peculiar operational situations with regard to diving. These
situations are usually considered within the operational diving limits
when judged by traditional standards but a careful 'post accident’
analysis usually shows there was undervaluation of interrelated causes

and therefore increased risk to the divers.

Traditional lock-out submersibles have limited power capacity as regards

their diving endurance in saturated conditions. For example, the thermd
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balance of divers in a deep oxyhelium atmosphere for long working
exposures in cold water, and surplus power supply for operating 100%
effective survival systems in an emergency condition, are both almost

non existent on current manned underwater vehicles.

Nohyperbaric rescue chamber or lifeboat presently used to evacuate
saturated divers from a ship or platform in distress, has yet shown

full effectiveness in adverse weather conditions and in particular contin-
gency situations such as a blow-out. We have serious doubts with regard
to the practical operating capability of such systems, although it is

easy to recognize their effectiveness at 4 psychological level.
Furthermore, divers exposed to wave action in a small hyperbaric surface
lifeboat could seriously be affected by sea-sickness with resulting nega-
tive effects, such as dehydration, which have not been sufficiently

investigated yet.

A multipurpose submersible vehiele with greater working range is in our
opinion the most reliable system to cope with this type of emergency,
when provided with a mid-water system of disengaging from the mother ship,
combined with a passive means of lowering it through a cursor to that

position.

A submersible rescue vehicle engaged in a rescue operation of saturated
divers could rapidly dive and navigate underwater at maximum speed, then
move away unaffected by the surface weather conditions, to avoid
collision with the ship or platform,and steam away from dangerous

positions during blow-outs, fire on board or fire on the sea surface.

Further to the above we now wish to point out that today the
average kell-run with two or three saturated divers has a duration of 8
Fours while a traditional submersible lock-out keeps an uncomfortable

diver out for 3 to 4 hours only, due to limited operating range. Our

e
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PH submersible brings the lock-out time up to 24 hours with a conside-
rably increased safety level. Considering these probdems and by identify
ing many other potential field of application, in 1973 Sub Sea 0il
Services began the in-house study of a self-powered submersible unit to
include a diver lock-out system, capable of excursions to 1000 metres

of depth and whose main characteristic is the ''closed-cycle diesel

engine“.

THE "CLOSED-CYCLE DIESEL ENGINE"

This unique engine developed by SUB SFA OIL SERVICES S.p.A. is the
heart of the whole system and was designed for botl surface and
underwater navigation. Various types of diesel engine with power
rating between 10 HP and 150 HP have been modified and tested in our
laborateries in the past seven years, to make them suitable for utili-
zation by submerged craft without the traditional snorkel breathing

tube.

We carried out our trials making allowance for the previous experiments
of other nations on the same application and in particular those of

U.S.A., France, Japan, Germany, England and Sweden.

The following comparative diagrams indicate the specific consumption of
fuel arnd oxygen relating to the various experimental prototypes produc-
ed in the last 20 years in the same countries. The comparison brings to
light the optimization of fuel consumption by the S.S.0.S. closed-cycle
diesel engine.

(TABLE/SLIDE No. 1)

A conventional diesel intakes air, that is a mixture of nitrogen (79%)
and oxygen (21%) then by mixing the air with the diesel oil and passing
through the phases of compression, combustion and expansion, the

mechanical work is produced. The exhaust gases, mainly C02 and water
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vapour with impurities and solid particles, are exhausted and dispersed

in the atmosphere.

Our closed-cycle diesel engine must operate in a confined space without
any external atmospheric links, the exhaust gases are recycled to the
engine intake and therefore the following problems must be solved:

a) Oxygen burnt in the combustion phase must be injected in a quantity

proportional to the fuel.

b) The exhaust gases must be cooled, purified and recycled to the engine

intake.

c) The excess of gas in the closed cyclé must be irstantaneously expelled

to avoid over-pressurized conditions.

d) The engine is part of the submersible and any change from the
initial loads of oxygen and diesel oil must be instantaneously

compensated to avoid trimming and buoyancy changes.

TABLE/SLIDE No. 2 shows the schemztic layout of the closed-cycle diesel

engine designed by SUB SEA 0IL SERVICES.

These and other problems have been identified and solved through research
application and unique patented methods and SUB SEA OIL SERVICES has
designed for manufacture the first operational submersible in the world
to be operated with a closed-cycle diesel engine specifically intended

for offshore operations.

The new submersible will include a lock-out hyperbaric compartment
sufficiently large for 4 saturated divers,:and as an atmospheric

manned device it will have the most advanced equipment for routine
underwater inspections and manipulator working capability, that is

practically without power limits.
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The research programme carried forward in our laboratories is aimed at

two principal objectives:

1) to develop a reliable engine and ancillary equipment for producirg
power both on the surface by intaking air and underwater with pure

oxygen injection, in the closed-cycle mode.

2) to reach the lowest possible specific consumptions of fuel and

oxygen and obtain the highest operating range.

Today we have reached unexpected results in both objectives, having
achieved 4000 hours of closed-cycle submerged navigation, while 4
laboratory engines have produced a total of 6000 hours of work, with
peaks of 500 hours of comtinuous engine running in the closed-cycle mode
at 10% overload in relation to the maximum power indicated by manufact

urer (TABLE/SLIDE No 3)

All our wet trials were carried out on board the 'PH-X02', a submersible
unit modified to carry on, at various depths, all the scheduled
operations including repeated equipment reliability tests and testing

materials prepared and supplied by our laboratories.

The 'intrinsically safe' principle has been a must in all engineering
solutions, and simultaneously a group of 8 pilots has been specially
trained to cope with the need for particular operating knowledge, as this
type of submersible is slightly more sophisticated thanthe usual battery
operated ones, and is furthermore an underwater vehicle operating at

much higher speeds than the traditional ones.

The 'PH-10C0/1' will be launched in December 1980, the first lock-out
submersible for commercial operations powered with two closed-cycle
diesel engines of 90 HP each. This craft will incorporate fully redundant

systems to cope with any degree of mechanical failure, in order to ensure
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the highest level of safety for the occupants and the maximum degree of

operational reliability.

The power supplied from two diesel engines will be either used to
obtain unusual inspection work speeds on the seabed or to supply
power to any type of underwater working tool, whose traditional

application would require power umbilicals from the surface.

The passive thermic energy provided by the cooling system of the
engines will be used, through heat exchangers, to supply hot water
to the divers and to ensure the most suitable temperature level in

the compartments of the submersible.
A reserve of power, supplied by battery pods, will always be réady
for 72 hours survival requirements of the atmospheric crew and the

team of hyperbaric divers.

THE 'PH-PHOENIX' PROGRAMME

The 'PH-PHOENIX'programme includes the manufacture and marketing of
the two classes of submersibles and one class of submarine, all power

ed by the S.5.0.S. closed-cycle diesel engine:

Class "PH-1" Short range submersible
Class '"PH-2" Medium range submersible
Class "PH-3" Long range submarine
The Class "PH-1" - short range submersible capable of operating in

corjunction with a saturation system installed on board the tender
vessel which also provides the submersible itself with support

during the diving operation.
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This includes launching the vehicle, constant communications and
position monitoring of the vehicle during the dive, assistance during
surfacing and recovery on board, relocation of submersible on seabed
and possibly bell diving in real emergency conditions such as
entanglement and fldoding of compartments. It goes without séying
that submersibles of this class are also suitable for atmospheric
work such as inspections, TV and photography surveys, manipulator
work, seabed sampling etc. The maximum lock-out capability will
be 500 metres while the maximum attainable depth will be 100 metres.
The navigation aids of this class will be 250 miles in the submerged
condition plus 250 miles on the surface, plus 24 hours continuous

lock-out service with the submersible sitting on the seabed.

For safety reasons a minimum survival time of 72 hours is ensured
in terms of heat, oxygen, carbon monoxide scrubbing, oxyhelium

mixture supply, water, food and waste bags.

The crew will include a maximum rumber of 4 pilots/operators/
surveyors in the atmospheric compartment, 4 divers in routine lock-out
conditions or 10 saturation divers in emergency rescue conditions in

the hyperbaric compartment.

The '""PH~1" class submersible will also be capable of assisting other
submersibles in distress and its high operating range combined with
the most efficient lock-out facilities will be decisive in this type

of application.

At present 5.5.0.S. is building the first model of the generation

of the PH-1 class whose main characteristics are as follows : M

- Length 11.45 mt

- Breadth 3.00 mt
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- Height 3.00 mt
- Fore pressure hull diameter 1.90 mt
- Aft pressure hull diameter 1.50 mt
- Length pressure hull 8.35 mt
- Operational depth 350 mt
- Dry weight 25 tons
- Displacement (submerged) 31 tons

- Maximum submerged speed

(2 engines) 12 knots
- Maximum surface speed

(2 engines) 7.5 Knots
- Submerged endurance at maximum

output of 1 engine 24 Hours
- Surface endurance at maximum

output of 1 engine (in addition

to the above endurance) 24 Hours
- Main engine 2 x 90 HP
- Oxygen capacity 1780 Kgs
- Fuel capacity 960 Kgs

The application of our design of prime mover to an improved conven-
tional lock-out submersible provides a tool capable of performing 75%

of offshore maintenance and inspection requirements.

The vehicle belonging to the "PH-1" class has the following advantages
when compared to a traditional battery-powered submersible or to a

conventional bell:

- Greater on bottom working time, 20 hours/day.
- Accurate positioning of divers on site, due to much greater power
c¢f its thrusters.

- Unlimited heat source, therefore no divers heating problems.
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— Mobile bell, therefore more efficient.

- Support craft does not need to anchor near the structure.

- Support craft does not need to hold station on D.P.

- Much greater efficiency in maintenance and inspection work.

-~ No power limitation on the seabed.

- Total freedom from the surface spread, no umbilicals or power cables.

- Capability of carrying engineers and client representatives to inspect
diver!s work, due to increased range of survival systems.

- Capability of wusing vehicle as hyperbaric rescue device instead of

the hyperbaric rescue chamber or lifeboat.

Other advantages of this underwater vehicle equipped with the closed-
cycle diesel engine are outlined in the following comparative descrip-
tions of the S.5.0.S. submersible CCDE' at present under construction and
of a conventional submersible of similar weight and displacement but

equipped with a very efficient battery produced power source,



<

R

Power supply

Power density (by weight)

Max Speed

Time at survey speed

Divers bottom time

Accommodation: Pilots

Divers

Comparative efficiency levels

a) Survey:

Tables/slides

Launching & diving to seabed
Working

Surfacing & recovery

Power refuelling

TOTAL
48

= 87%
55

Efficiency :
Lock-out:
Launching & diving to work
location
Working
Surfacing and recovery
Power refuelling

TOTAL

24

Efficiency: e 77%

construction.
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5.5.0.8S. CONVENTIONAL
CLOSED-CYCLE BATTERY POWERED
DIESEL ENGINE SUBMERSIBLE
2 x 90 HP 25 HP
7 HP/TON 1 HP/TGN
12 knots 3 Knots
481Hours 8 Hours
20-24 Hours 4- 6 Hours
4 2- 3
4- 6 3
1 Hour 1 Hour
48 Hours 8 Hours
2 Hours 2 Hours
4 Hours 10 Hours
58 Hours 21 Hours
= = a8
1 Hour 1 Hours
24 Hours 6 Hours
2 Hours 2 Hburs
4 Hours 8 Hours
31 Hours 17 Hours
6
17 = 35%

no. 4 and 5 show general layouts of the submersible under
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Our future programme:

CLASS 'PH-2'

The submersiles belonging to this class do not substantially differ
from the above class except that they have a greater range, with a
higher power rating for two closed-cycle diesel engines; furthermore

sizes and volumes are considerably greater.

The lock-out diving capability of this class will be to 500 metres

with 11 saturated divers whilst the maximum depth attainable by the

vehicle at atmospheric pressure will be 2000 metres with 4 to 6 pilots-

operators - surveyors.

The main differentiating characteristic of this class will be its
range in total saturation. In fact no hyperbaric equipment will be
kept on board the supporting surface craft, which will be a tug or
supply vessel, required as a continuous communication link

and for positioning the submersible. The tender vessel will also
provide towing services whcnever needed. The range of action of
vehicles belonging to this class will be 250 miles at maximum speed

14 knots.

Survival time will be 72 hours considering a maximum manning level
of 15 persons. The 'PH-2' submersible will sail from the harbour or
shelter for medium range intervention and will return to the harbour

only when the task is finished. Expressed in time the range will be

10 days including the survival time to cope with emergency situations.

CLASS "PH-3"
During the final stage of our programme we shall develop class 'PH-3'

which will include "submarine" type vehicles capable of working off-

~
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shore with a 500 miles mavigation range and 24 days saturation
endurance. The maximum crew will be 22 persons including pilots,
technicians, diving supervisors and the rescued crew of a distress-

ed submersible, when required.

The survival time will be 72 hours also for this class and the
submarine will be tended at all times, for safety reasons, by a
surface craft such as a tug or supply vessel capable of continuous

communications and position monitoring of the underwater craft.

Maximum lock-out diving capability will be 500 metres, whereas in
the atmospheric mode the "PH-3" submersible will be able to reach
2000 metres depth.

Finally, we wish to outline the great safety improvements included

in out PH project:

a) Diving in dynamic positioning will simply be eliminated by the
development of the PH lock-out submersible. The tender ship will
stand by at anchor or on thrusters in the vicinity of the working
site in order to ensure continuous communications and position

monitoring of the underwater vehicle.

b) Submersibles belonging to the '"PH-1" class will consitute an
efficient and realistic method of evacuating divers under

pressure in emergency situations.

c) The medium range '"PH~-2" will provide a substantially different
working tool for applications within 250 miles of the shore base.
Diving operations and inspections or atmospheric operations will
be unaffected by surface weather conditions with a major improvement

in safety standards.

d) The diving work will be more closely and better supported from the
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"PH" lock-out submersible and at last the diver will be able to rely
upon a support habitat, the submersible, which cannot either shift
away because of D.P. failure, or pull away umbilicals or power cables
due to surface shifts or current changes. The diving supervisor
will be able to '"see' the diver working outside the submersible
control habitat, and in our opinion this represents a major safety
improvement when we consider that the diving supervisor is able to
intervene at any moment during the dive to correct anomalous situa-
tions or to advise the diver or divers of possible Fisk arising in

the working area.

The "PH-2" and the "PH-3" classes will also ensure a much higher
factor of safety when we consider how a submersible operation
carried out nowadays, particularly referring to weather conditions
and weather changes during dive. These classes will really be
unaffected by weather conditions as we consider to be extremely
critical the recovery onboard of a submersible craft in worsening

weather conditions.

The risk of collision between a D.P. positioned support vessel
employed to launch a bell and a fixed structure is totally eliminat-
ed under the PH approach. Furthermore, this solution represents a
major cost saving when we consider that the daily cost of fuel
required to operate a D.P. vessel today varies between 15.000 and

40.000 US dollars.

is  worth considering that in the near future the PH self-powered

submersible and submarine , operating together with a tender or fire

fighting vessel, is the safest and most economical alternative to

existing semisubmersibles and other production support vessels presently

employed by the offshore industry.

LR
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One of the PH vehicles could satisfactorily cover maintenance and
routine inspection requirements of a complete field with many fixed

structures and pipelines.

The submersible could easily be launched and recovered from the fixed
platform itself and supported during the dive by the platform and/or

a supply vessel.

Ocean mining projects, with particular reference to manganese nodules
in deep sea fields, also represent a very interesting and profitable
field of application for our FH programme, and to complete the
presentation of our PH submersibles we now wish to show you some slides
of the experimental PH-X02 vehicle on which most of the wet trials

were carried out, beginning in 1976.
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THE ALTERNATIVES TO DIVING
by

Dr. John MILES
OSO - Department of Energy - Giusgow (U.K.)

SUMMARY

At present most tasks can be carried out by divers, though the cost increases
markedly with depth, while the effectiveness of the diver decreases, and it may be
expected that before long significant demands will arise below the practical limit
of diving. Meantime it is unlikely that alternatives will be used unless they can
demonstrably work more effectively than divers and at lower cost. Such diver alter-
natives include manned submersibles, one man-one atmosphere tethered submersibles,

atmospheric diving suits and remotely operated vehicles.

The case for having the operator at the worksite or in some remote location is
discussed. It is concluded that, since remote viewing systems are possible which
give better performance than the unaided eye, remote operations with the operator
removed from the psychological pressures of working underwater are to be preferred
providing that an acceptable man/hachince interface can be achieved. Thus, remotely

operated systems appear to have the greatest potential for development.

Areas where there is considerable scope for improvement are highlighted, including:
deployment, station keeping, navigation, viewing, manipulation and overall system

reliability.
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PAPER

DEVELOPMENT BACKGROUND

Until recently the first reaction to the need to carry out engineering
work underwater has been to use divers wielding some kind of hand tool
or a simple adaption of it. This is a natural reaction to a situation
where it has been very difficult to specify each and every task in
advance and where the number of tasks required is very large. This is
in direct contrast to other branches of engineering where man acts as
an operator or supervisor of machinery sometimes having a high degree

of sophistication. One can therefore conclude that underwater engineer-
ing is at a fairly early stage of its development where most of the work
is done by skilled or unskilled manual labour. Thus there would seem to
be considerable scope for technological advance - such a view is some=~
what fascile,

It is relatively easy for the technologist to get carried away with his
enthusiasm for doing expensive technological development in the under-
water area. However when the commercial framework of the industry is
examined it is clear that his enthusiasm needs to be tempered by the
realisation that such aspirations are laudable provided the companies
working in the industry can use these developments to generate sufficient
work to earn the funds to pay for them.

When the functions of the diver are examined the range and diversity of
the tasks he performs are very large. He is a universal and flexible
tool. Although with the advent of offshore oil and gas the market for
underwater engineering has increased markedly, the market for each
individual specialist task that the diver performs remains quite small
in terms of the numbers of each specialist equipment required. The
development costs are also high especially if an extended period of
offshore testing is required. Consequently high technology equipment
manufacturers are reluctant to carry out cevelopments on their own
account as they fear the numbers sold will be insufficient for them to
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recoup their investment. In addition the major concern of most under-
water engineering companies is to stay alive commercially. Most have
had a difficult period as there have been times when there has been
insufficient work available to keep the industry fully employed. Capital
equipment costs are large, the rate of obsolescence are high and qual=
ified experienced manpower is scarce. With such a background it is
hardly surprising that the underwater engineering industry is reluctant
to embark on long term integrated development programmes and to employ
the necessary specialist staff..

DIVING

Advances can be stimulated by economic or technical pressures. It maybe
seen that a job can be done more economically on a cost per unit of work
basis or it maybe impossible to carry out a particular task with existing
equipment. In the underwater environment the pressure to work at greater
depth has both economic and technical implications. The cost of getting
the diver down to and maintaining him at the work site increases with
depth and the effectiveness with which the diver can work decreases with
the increasing physiological and psychological pressures. Although
diving technology to date has been largely successful in keeping pace
with the technical requirements placed upon it, it is generally accepted
that there must be a depth below which divers cannot work at all.

There is also a sociological aspect. Danger at the place of work becomes
increasingly unacceptable as society develops. Diving is undoubtedly
dangerous and the reaction to this is usually to create even more stine
gent safety requirements. This increases the costs of diving and proe
vides further economic pressures to seek alternatives which are cheaper
than putting man under pressure.

Before examining alternatives to divers it is useful to examine the
advantages and disadvantages of a diver as a work system.

The main advantages are:-

(i) Ability to attach himself to structures at all
levels within his operating depth and get good
physical contact with the work.

(ii) Ability to use all the senses particularly the
combination of sight and touch.

(iii) The flexibility and judgemental capability of
man at the work site.

(iv) Great dexterity enhanced by working in a buoyant
medium.

The disadvantages are:i=

(i) A1l work is done under severe physiological and
psychological pressure.

(ii) Total reliance has to be placed on bulky life
support systems.
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(iii) There is a very limited range of operation away
from the life support system.

(iv) A continuous working period is limited to about
4 hours between rest periods.

(v) A return to a normal atmosphere and pressure
involves long decompression times.

(vi) Very great limitations in providing power and
in handling heavy objects.

(vii) Use of electrical tools is hazardous and requires
considerable care and attention to detail.

(viii) Limited in range of vision compared with low light
cameras.

(ix) The divers equipment as used below the surface has the
appearance of being relatively cheap.

Summarising, man is flexible, highly adaptable and by being able to make
adaptive decisions can use a combinationof relatively cheap and simple
hand tools to do a very wide range of functions. It is not easy to
produce the same flexibility at the man/machine interface, retain man

in the decision making loop and at the same time produce a universal
machine. But nevertheless it is hardly surprising that for a large
majority of the functions carried out by a diver that the alternatives
which have so far emerged are general purpose systems attempting to
duplicate many of the divers abilities.

Al though most people are probably familiar with these alternatives it
is necessary to briefly survey them here.

THE MANNED SUBMERSIBLE

The conventional free swimming manned submersible displacing between

5 and 10 tons and carrying a crew of 2 or ? has the longest history of
any diver alternative. Its capabilities are now well understood. It
is most suited to inspection and survey work in open water. There
always has understandably been a great reluctance to use these vehicles
in or near structures due to the risk of collision or of being trapped
but now some operators seem willing to take them inside steel jacket
structures.

The advantages are:=
(i) Ability to carry expert personnel who are experienced
in engineering and oil field operations to the work

site.

(ii) Ability to carry a wide range of instruments and
equipment including lock out divers.

(iii) Vehicles erist that can go beyond current diver
operating



305

depths and no insurmountable engineering problems exist
in extending existing maximum depths of operation.

The disadvantages are:-

(i) The high cost of operating the submersible and its
mother ship which usually has to be special purpose.

(ii) Reliant on internal battery power which limits the
duration of dives  and particularly places severe
limits on work requiring high power consumption.

(iii) Large size makes access to restricted work sites
difficult and often impossible. Attaching vehicles
to structures to enable them to work at a particular
site has proved very difficult.

(iv) Their size and weight are such that they have in the
past had to depend on special purpose mother ships.

Use of manned submersibles seems to be on the decline. The high capital
cost of the equipment which particularly includes the mother ships toe
gether with the seasonal nature of the work has resulted in commercial
difficulties for all manned submersible operators. None of the operators
entering the North Sea market have survived in their initial form: of

5 entrants only one is now operating.

THE ATMOSPHERIC DIVING SULT

The concept of enclosing a man in a pressure suit which still gives him
freedom to move his limbs retains some of the advantages of divers whilst
removing the problem of pressurized gas. It is a very old concept, how-
ever the new generation of suits/vehicles are much more flexible, they
are lighter and better engineered than those that appeared before the
advent of offshore oil and gas. The resulting atmospheric diving suit
(ADS) has to date not been used extensively for oil field activities in
North West Europe although the situation would change as a result of
trials being conducted by oil companies.

These suits have one over-riding advantage in that an operator can step
into one and go straight to work and then simply step out when he returns.
Thus they are a cheap alternative for providing manned subsea intervention
for the odd unscheduled job as the suit operator does not need to be
maintained at pressure. However there are a number of disadvantages:=-

(i)  Dexterity, the sense of touch and mobility are all
severely restricted compared to the diver,

(ii) The articulated limbs are fairly tiring to operate
as none have servo assisted limbs as yet.

(iii) Operations are limited to the seabed or to preplaced
staging. They do not have the same unique ability
of the diver to be able to attach and work in almost
any position at any depth above his maximum.
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THE ONE-MAN ATMOSPHERE VEHICLE

One of the disadvantages of the ADS is its lack of manoeuverability and
lack of mid water capability. To overcome this disadvantage the concept
of the one atmospheric suit has been modified to provide propulsion.

There are two main forms:e

(a) The pilot standing upright using articulated arms
as in Wasp and Spider.

(b) With the pilot lying prone using manipulators as
in Mantis.

These vehicles like the ADS have the advantage that the unique abilities
of man are available at the work site but he is remote from it by virtue
of the pressure hull required to maintain him at atmospheric pressure.
The disadvantages of a greatly reduced sense of touch and manipulative
capability immediately follow as to date it has not been possible to

take the manipulative dexterity of man with its sophisticated tactile
sensors through a solid barrier without a great deal of limitation. How=
ever provided the underwater engineering company can live with this dis-
advantage it does appear that these vehicles are relatively inexpensive
to build and operate, they can be usedfrom a non specialised ship, power
is from an umbilical and the limitation is the endurance of the pilot.
They are also relatively small compared with a manned submersible but big
and awkward compared to a diver,

One man vehicles are coming to be accepted as being capable of doing use=
ful work underwater and are claimed to be beginning to erode the markets
for both divers and manned submersibles. They appear to be particularly
useful for support of exploration drilling where they can be deployed at
depth ouickly on the relatively few occasions when underwater intervention
is required.

MOBILE BELLS

These vehicles are typified by the Oceaneering Arms vehicles and the
Comex MOB series. They can probably be regarded as tethered manned
submersibles linked to their surface support by a cable that lowers them
to depth. Some limited lateral mobility is provided by thrusters.
Internal batteries and life support are carried and they are usually
equipped with manipulators. Their main use has been exploration drilling
support at great depth: a capability of 3,(00ft is common. The most
complex implementation of the concept is the mobile diving unit (MDU) for
the Occidental Maintenance Support vessel. This bell incorporates diver
lock out facilities.

The mobile bell suffers from the advantages and disadvantages of one-man
and free swimming one atmosphere submersibles. Compared with latter the
support cable allows greater case of deployment and recovery while res-
tricting mobility. It is therefore probably an economic solution to the
engineering problem of providing a pressure hull of sufficient strength
1or a free swimming submersible while retairing sufficient bouyancy to
enable batteries and a pajload to be carriec. With new materials it is
possible that one man vehicles could be developed to have a greater depth
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capability and could then duplicate all the capabilities of a mobile
bell at lower cost. The future of mobile bells seems at the present
time to lie in providing manned access at depths to which currently
divers cannot go.

REMOTELY OPERATED VEHICLES

0il company customers are now beginning to accept that remotely operated
vehicles (ROVs) are capable of doing some useful work at a lower cost
than competing systems including divers. ROVs so far employed for off=
shore use are linked to the surface with an umbilical carrying power,
data and control signals. The ROV has a number of advantages many of
which have not yet been fully realised in practice.

(1) Ability to operate continuously by rotating operating
crews at the surface.

(ii) Ability to operate in areas hazardous or inaccessible
to man and the simple camera carrying versions can
be made cheap enough to risk losing them.

(iii) Small size and weight of most vehicles allows deployment
from small ships of opportunity or platforms.

(iv) Has the potential to carry a wide range of payloads,
tools and instrumentation.

The disadvantages of present vehicles include:=-

(1) In common with all other vehicles they lack dexterity
and the tactile sensing abilities of the diver.

(ii) Viewing systems although having a greater range in low
light conditions than the unaided human eye omit to give
many of the cues such as perspective range etc normally
available to the eye. The also do not give the same
detail as the eye.

(iii) The drag of the umbilical cable can absorb much of the
power of the vehicle when fully deployedj the cable is
also prone to snag on obstructions and as the pilot is
not in the vehicle his senses have difficulty in detecting
a snag until it hampers vehicle movement. Some of these
difficulties can be alleviated by deploying the vehicle
from an underwater garage.

(iv) Current vehicles are prone to unreliability and certainly
have a reputation for it.

These vehicles have had their greatest success in tasks like pipeline
inspection and in carrying a camera and lights to some chosen spot where
it is expensive or difficult to deploy divers and where the market for
these repetitive tasks is fairly large.
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AUTONOMOUS SUBMARINES

A further method which has been proposed but not so far used for under-

water engineering work is the large submarine operating autonomously

from a shore base free from the effects of weather and thus capable of

year round operation. A surprisingly large number of designs have .
emerged, mostly from military submarine designers or builders. A study

commissioned by the DEn suggests that the comcept is feasible and that

a wide range of underwater tasks could be performed by or from such a

submarine, but analysis of the economics shows very little advantage

compared with the conventional methods of systems launched from large ~
surface vessels such as the MSVs which are not unduly affected by weather -
and which are required anyway for other functions. However if manned

habitats on the seabed are used in very deep water to produce oil some=

thing akin to an autonomous submarine will be required to ferry consider=

able numbers of personnel and materials to the habitats.

LRISCUSSION

It is very difficult to determine quantatively whether any of the altern-
atives to divers that have evolved so far have made any serious in-roads
to the divers market because many carry out functions that the diver
seldom did. However it is clear that when the task requires dexterity,
choice, close proximity to the work site and tactile capability there is
no acceptable alternative to the diver. This becomes clear when tasks
like a welded repair to a pipeline at 2,000ft are contemplated. Such
consideration generates thought about the alternative means of solving
the problem which is to break it down into its components and then design
it so that it can be done by present day submersibles., Such activity is
usually extremely expensive in development terms and is normally out of
reach financially for most underwater engineering and diving companies.
However it does illustrate one of the problems in that there is a gener-
ation of offshore equipment installed in which very little if any atten=
tion was given inthe design process to the needs of the submersible or
diver.

it is perhaps significant that in the 2 areas where the RCV has penetr-
ated the market to the greatest extent, pipeline inspection and visual
inspection in general that these are fairly specialised activities where
the remote system can be tailored to suit a widely required task. For
pipeline inspection, first the manned submersible and more recently the
ROV equipped with specialist instrumentation have proved capable of worke
ing efficiently. For visual inspection the small easily transportable
and comparatively simple vehicles used have demonstrated their capability
to do simple visual inspection at depth considerably cheaper than
saturation divers.

Visual inspection is now being extended to other simple tasks such as

taking cathodic protection readings and at _.ast questions are being asked

about NDT' systems at the outset of their development to determine their

probable compatibility to operation from a :submersible or RCV. ‘

Tethered manned vehicles seem to have a role to play when a quick inter= \‘
vention is required for a mon routine task.e In such circumstances the

customers still perceive -u advantage in having a skilled engineer in

direct visual contact with the work site to make decisions. These
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vehicles are also a most economical method of taking man to depths where
divers cannot operate. To a certain extent this is an admission that the
technology of unmanned systems is not yet advanced sufficiently to make
the operator feel he is present at the work site even when removed from
it.

There are arguments abroad that the role of the conventional manned
submersible is rapidly diminishing and that in the future a combination
of RCVs and manned tethered vehicles will carry out all the work that in
the past has been performed by manned submersibles. The final choice
however at any one time is an economic one which takes into consideration
the costs of development and the work done per unit price. In other
allied fields like space and hazardous nuclear zones it has not proved
economic or technically possible to remove man completely from the work
site to date. There are increasing signs that this can be cone technic-
ally but it will require a far greater understanding of man's sensory
perception than currently available. Man in the unforeseen situation
is unique and his combination of intelligence, manipulative and sensory
perception has proved to be extremely cost effective.

FUTURE DEVELOPMENT

The use of manned alternatives to diving will always be subject to some
restriction due to the potential hazard to the life of the crew and the
use of these vehicles in potentially dangerous areas will always be
subject to increasingly sophisticated safety requirements. The size and
cost of these vehicles is largely governed by the size of the crew and
their life support systems. Their main advantage is the pilots direct
visual contact with the work site. In theory there is no reason why all
the tools, instrumentation etc that can be carried by a manned vehicle
could not be carried by an unmanned vehicle. The pilot also gets tired
in a manned vehiele while an ROV if engineered correctly should be able
to work 24 hours a day with operators working in shifts. This argument
leads to the view that the diver alternative with the greatest potential
for development is the ROV but it is only valid on the basis that a cost
effective technical solution can be found to providing the operator of
the vehicle with the visual and sensory perception required and at the
same time providing an acceptable means of transposing his manipulative
skills and responses to the vehicle and hence to the work piece. This
process is not going to be easy by any means nor is it going to be cheap.
The problem has a lot in common with that of aerospace technology and it
is clear that there is much to be learned from that technology that could
be applied relatively quickly underwater.

The other somewhat simpler problem with diver alternatives, particularly
ROVs, has in the past, been lack of reliability. Again the techniques

to produce more reliable systems are available in other industries parti-
cularly nuclear and aerospace. There is no inherent reason why these
techniques cannot be applied to underwater vehicles Modern electronics

is highly reliable so it is probably best to concentrate sophistication
into electronic and computing elements of a system while keeping electro
mechanical elements, which always prove troublesome, as simple as possible.

In the short term it is suggested that the ROV will continue to make in-
roads on the market if future designs are concentrated on either single
tasks which arise frequently or on a small range of such tasks. The
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development of a reliable technique for underwater NDT that could be
applied by a vehicle would open up a large market. Cleaning of structures
seems another possibility.

An activity which causes concern now is the repair of installations in
deep water., Already in the Mediterranean pipelines are being installed
in water depths where repair is atpresent not possible. A number of
methods which are potentially capable of béing applied by remotely cone
trolled systems have been proposed but in mostmses the basic technology
has not yet reached a satisfactory stage of development let alone its
remote application. Methods discussed in the literature and debated in
the industry include mechanical connectors, explosive welding, welding

in dry environments either under hyperbaric or one atmospheric pressure
and even automatic orbital welding. This example serves in part to
illustrate the wide diversity of solutions and the very difficult problem
facing the technologist in defining exactly what is required, when it is
required, what price the market will pay and in obtaining quantative data
on which to substantiate the choices made in writing a specification.
There is an unfortunate aspect in this industry to only consider such
issues after the invention and development process as the large
numbers of commercially unsuccessful manned and unmanned vehicles around
the world goes to show.
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CLOSING ADDRESS

by

P.A. WALKER

Principal administrator in the Secretariat of the Safety and Health Commission
for the Mining and other Extractive Industries
Directorate General V of the Commission of the European Communities

Ladies and Gentlemen,

In the opening address, it was suggested that the main benefit of a meeting such as this
should be to exchange information on an informal basis, and to establish personal con-
tacts on an international plane between the various bodies involved in diving both for
sport, scientific and professional purposes, so that a common approach to the various

problems encountered could be developed.

It is my impression that this is exactly what has happened, and I hope that you agree.
But perhaps the most useful thing to do at this time is to try to sum up ; to pick out

some general points which have emerged and to draw them together in a concise form.

- first we heard that accident experience had emphasised the need for proper training

of the diver, no matter if he were a sport, scientific or professional diver.

- second the diver must operate within a system which ensures that he does not

exceed the limits of his personal equipment, the back-up facilities or his training.

- thirdly, considerable progress has already been made in the reduction of the acci-
dent rate in all three spheres of diving activity; to put it more constructively, the

level of safety has been raised.

- legislation is one of the factors responsible for this, but safety codes worked out as
a result of accident experience are equally important. From the standpoint of cost,
there is a good case for trying to eliminate conflicting standards, but harmonisation
must not result in inflexibility in an industry where technology is in the process of

developing at a very rapid rate.
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If I can express a personal view for a moment, evaluation of the accident rates in simi-
lar activities, shows that safety improvement, like all other processes of development is
subject to the law of diminishing returns. Thus the first steps that one takes to im-
prove safety bring about a very big return in the reduction of accidents, for relatively
simple measures, at low cost. In the diving sphere one of the first steps is training of the
diver. But it must be accepted that each progressive step will cost correspondingly

more.

After the first steps of training and simple equipment modification, we have to look
elsewhere. Again, industrial accident experience can be a guide. Looking at the mining
industry for a moment as a typical example ; in the year after the Safety and Health
Commission was formed (1958) there were 770 fatalities in the coal mining industry of
the Community of Six. The corresponding figures for 1979 for the Community of
Nine, with approximately the same output was 131 fatalities. And if one considers the
period prior to 1958, the comparison is even more marked. How has this been
achieved ? In the first instance, it was by better training and better standards of super-
vision. But latterly, it has been by the removal of men from the source of danger, by

the use of new technologies ; principally mechanisation.

It is my view that this also applies in the case of diving. Gradually as there is a need to
work in more and more difficult conditions, at greater depths and in colder waters, we
shall be forced to consider alternative systems such as the use of machines or submersi-

bles to keep the man out of danger. This was exactly what Dr. Miles was saying.

Looking now to the future : two symposia have been organised by the Commission of
the European Communities in liaison with the European societies competant in this
field. On each occasion there has been a fruitful exchange of information ; what hap-
pens next 7 1 would like to suggest that it is for the various societies such as the Euro-
pean Diving Technology Committee, E.U.B.S., CM.A.S,, etc.. , the government organi-
sations and companies, to reflect on what has been discussed. It is to be hoped that
arising out of these deliberations, will come proposals which can be brought to the in-
ternational organisations, so that they can continuously update their codes of practice
and establish common guidelines which will lead to a general advancement towards

safer diving on an international basis.

It is to be hoped that this procedure will allow the establishment of further guidelines
for safe Diving by Europear Diving Technology Committee ; and then perhaps this

type of symposium can be held some time in the fufure at an appropriate place and an
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appropriate time to assess what progress has been made since 1980 and what other

steps are then required.

And now it is my final duty on your behalf and on behalf of the Director of the Direc-
torate for Health and Safety of the Commission of the European Communities to
thank the European Diving Technology Committee for their help in organising this
International Symposium for without their aid it would have been extremely difficult
for the Commission to organise such a meeting as this ; to thank the authors of their
papers for their hard work and their interesting presentations, and last but not least to
thank you all for attending, and making this Symposium the resounding success that
it has been. Thank you all.

I now declare the Symposium closed.
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END OF THE SYMPOSIUM
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