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the duration depends on many variables and 30 min is
not always practical.

The main advantages of the helmets over ‘band
masks’ are that they keep the diver’s head clean and
dry, providing better communications and possibly
reducing the risk of ear infections. They also provide
physical protection to the head, as well as containing
mounting fixtures for attaching lights or video cameras.
Band masks, which are held to the diver’s head with
rubber ‘spider’ straps, are lighter, easier to put on, and
provide better visual cues since the mask moves with
the diver’s head versus the hard helmet where the

Helmet Shell is of woven fibreglass and polyester resin,
The face plate is of 1/4" Lexan.

Helmet Weights, 3 in number,
counterbalance the buoyancy of the
helmet, which weighs 24lbs in air.

Emergency Gas Supply is connected
via a First Stage regulator to the

emergency gas inlet on the side
valve body.

Side Valve Assembly acts as
a manifold directing breathing
gas from the main or emergency
supply to either the demand
regulator or through the steady
flow valve to the helmet interior.

Neck Dam is a rubber sleeve that
fits around the diver's neck and is
held in place on the yoke by a

neck clamp.

One Way Valve allows breathing
gas to enter the side valve body

but prevents a reverse flow in the
event of an equipment failure in
the gas supply system.

Main Gas Inlet Port
for umbilical in the front.

diver’s head can move inside the helmet. Band masks
also have less surface area and therefore are easier to
swim with. Individual diver preference and job specific
details dictate the selection, although the majority of
commercial divers prefer hard helmets (Fig 2.2.7).

HOT-WATER SUITS AND GAS HEATING

Neck Clamp is a removable
hinge whose cam action
squeezes the neck dam

against the '0' ring around

Hot-water suits are required for deep helium-oxygen
saturation diving and are frequently used in the air
diving range, based on the environmental considerations
including both the temperature and current, since the

Handle, apart from convenience in handling, can be used
for mounting lights or cameras or to tape weights

Oral nasal Assembly reduces dead gas space
and prevents build up of CO3. It contains the
nose block cushion and microphone.

Main Gas Supply Handle controls
flow from the side valve body
to the helmet interior.

Nose Block device is a sliding
cushion that allows diver to
W equalize middie ears and sinuses.

Communications Posts to which

are attached the Land R
earphones wired in parallel
with the microphone.

Demand Regulator Adjustment
Knob controls the spring-set
holding back the inlet gas
pressure.

Demand Regulator

Yoke System locks around diver's neck to

prevent accidental removal. It also stops
the neck dam from acting as a bellows
with the driver's breathing, eliminating
the need for a face seal.

the base of the helmet, | Main Exhaust Valve. Gas discharging through
locking it on. this valve automatically purges water

Earphones are located in two pockets
on either side in the neoprene hood.

Head Harness or Spider, 5 adjustable
straps hold the Band Mask firmly
onto face, fastening onto

corresponding studs around
the mask.

Retainer Band for Hood and
Face Seal. The top and bottom bands
clamp the hood and face seal

combination to the main frame.

Emergency Gas Supply Valve
connects to the 'bail-out’ cylinder(s)
for use should the main gas supply fail.

Side Valve Assembly actsasa
manifold for directing breathing Z
gas rom the main or emergency 4~
supply to either the demand /
regulator or through the

free-flow valve to the
mask interior.

Main Gas Supply Inlet Port

One-Way Valve allows breathing
gas to enter the side valve body, but prevents
a reverse flow in the event of equipment
failure in the gas supply system.

from the helmet.

Hood made of neoprene, zippered up the back.

Main Frame made of moulded ABS plastic,
it provides 3 rigid shell for mounting the
face seal and lens. It will not conduct
an electrical current.

Lens made of 1/4 inch thick
Acrylic plastic.

Face Seal is a foam neoprene

expansion type seal which will be
j pulled into interior of mask
should the hose break or the one-
way valve fail, avoiding squeeze.

Demand Regulator Adjustment
Knob allows adjustment for supply
of gas pressures up to 180 psi
over ambient pressure. The knob
can also provide a free flow
through the regulator.

Oral Nasal Mask Assembly reduces
dead-air space and CO9 build up. It
contains a nose-clearing device for
equalization and a microphane.

Main Frame Exhaust Outlet provides
automatic water purging as necessary.

Free-Flow Valve Knob adjusts the
gas flow to the mask interior through the ceflector.

Fig. 2.2.7 Typical diving helmet and band mask. (Sisman 1982)
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hose and suit can add increased drag, making swim-
ming more difficult. The hot-water suit is a loose-
fitting neoprene suit, which usually includes gloves and
boots and in some cases a heated hood. Hot water is
generally produced with heaters on the surface or the
bell and then pumped to the diver, who controls the
open loop flow using a bypass valve along with a
control valve to proportion the flow to the upper or
lower body.

Some additional considerations associated with hot-
water suits include proper control of the injection
water temperature at the suit so that the diver does not
get scalded. The appropriate supply temperature is a
function of the length of the hose and the temperature
and current of the water as it relates to heat loss
through the umbilical hose. These parameters must be
carefully monitored, as frequently the diver is not
aware of gradual changes in temperature. If back-up
heater systems are not available, many divers elect to
wear thin wetsuits underneath the hot-water suit, to
provide a degree of protection in the event of a heater
failure, which could result in rapid hypothermia due to
the loose-fitting suit.

Diver breathing gas heaters are used for deep heliox
saturation diving to avoid respiratory heat loss from
breathing dense gas with its high heat capacity. These
heaters can be mounted on the helmet, the umbilical
hose, or the bell and typically use the suit hot-water
supply to heat the breathing gas through a heat
exchanger.

There are established guidelines for breathing gas
temperatures. Tests should demonstrate the ability to
achieve the following gas temperatures:

150 m (492 ft) 20 + 2 °C
200 m (656 ft) 20 + 2 °C
300 m (984 ft) 25 + 2 °C
400 m (1312 ft) 30+ 2 °C

® @ @ @

In the North Sea these recommendations are detailed
in the Norwegian Petroleum Directorate Guidelines
(1991), which state that the temperature of humid gas
should never exceed 37°C or dry gas exceed 32°C.

GAS RECOVERY SYSTEMS

Saturation diving in excess of 50 msw (164 fsw) requires
the use of heliox breathing mixtures. The majority of
the helium in the world comes from mines in the USA.
The cost of helium can range from 15 dollars/ft? in the
Gulf of Mexico to almost 1 dollar/ft? in Brazil. A typical
commercial diver will have a surface consumption rate
of 1.5 ft*/min. A 200 msw (656 fsw) saturation dive
using open circuit diving would cost approximately 250

to 1800 dollars/h, resulting in helium costs of up to
1 million dollars/month. The additional problems
associated with logistics and stowage dictate the use of
gas recovery systems for deep saturation diving.

There are a number of different types of gas
recovery systems in use throughout the commercial
diving industry. Without going into detail, for most of
these systems the diver is supplied with breathing gas
from the surface. The gas is exhaled through a non-
return exhaust control valve and then returned to
the bell and/or surface. The gas is then dehumidified,
filtered and scrubbed of carbon dioxide, enriched with
oxygen and compressed. After careful gas monitoring
and analysis, it is then reused.

Additionally, there are chamber gas recovery systems
to reclaim the helium from the deck decompression
chamber. The diver and chamber recovery systems
typically recover 85-95% of the helium.

COMMERCIAL DIVING METHODS

Commercial diving methods and the associated support
equipment can be broadly classified into surface-based
and saturation diving. In surface-based diving, the diver
descends to the working depth, performs a limited
amount of work consistent with the bottom time
restrictions of the chosen breathing gas and decom-
pression method, and then decompresses back to
surface pressure.

In saturation diving, a team of divers is compressed
to the given storage depth in a deck decompression
chamber, They remain under pressure for up to 30
days or longer, working in two- or three-man shifts
around the clock, using a diving bell as an elevator to
transfer, under pressure, from the deck of the vessel or
platform to the subsea work site.

They then lock out of the bell and typically work
an 8 h shift, after which they return to the bell and
transfer, still under pressure, back to the deck de-
compression chamber. Saturation diving operations
typically provide approximately 20 h/day of bottom
time, accounting for bell deployment and recovery
overhead. Advanced diving systems installed on
dynamically positioned diving support vessels employ-
ing two three-person bells can achieve a constant
24 hr/day working bottom times. The second bell is
deployed before the first is recovered. The second two-
person team locks out while the first team is still
working and effectively ‘shakes hands’ with the team
they replace as the job is transferred. In this method,
launch and recovery overhead is eliminated. After
completion of the job, the diving crew is then slowly
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decompressed back to sea level pressure over several
days, depending on the depth of the dive. A rough
guideline of the decompression time required for a
saturation dive is 1 day for every 30 msw (100 fsw) of
storage depth plus 1 day.

The two basic diving methods can be further divided
into air, nitrox, or helium—oxygen breathing mixtures,
each of which has its own set of support equipment
requirements. Whether a diving bell is used, and the
type of bell, open or closed, further classifies surface-
based diving.

Fig. 2.2.8, shows an overview of the various diving
methods against the associated depth limitations. It
should be recognized that these are approximations
and that specific depth and bottom time limitations
vary according to local governmental regulations and
diving contractor procedures and policies.

In the surface to approximately 50 msw (164 fsw)
depth range, where the majority of commercial diving
is performed there is considerable overlap between the
various diving methods, with the specific details of the
job governing the selected method. Some resourceful
diving contractors, in special circumstances, use hybrid
forms of diving that combine different bottom breath-
ing gases with decompression gases and bell systems
that further complicate this overlap. Examples include
but are not limited to: air and heliox surface dives,
followed by nitrox decompressions in open and closed
bells; nitrox saturation dives with air lock outs; and
use of closed ‘mini-bells’ in shallow water to allow
a transfer under pressure and extend bottom time
limits beyond the limits of surface decompression
tables.

Additionally, in saturation diving the living or storage
depth can be decreased at various points throughout the
30 day exposure. This, combined with the unlimited
excursion up or down limits, provides coverage of a wide
range of working depths in offshore structures, in addition
to reducing the unproductive decompression time.

SURFACE DIVING EQUIPMENT

Most surface diving operations use diving helmets or
band masks, which incorporate both demand and free
flow breathing apparatus as described earlier. Frequently
surface diving operations can include air and mixed gas
breathing mixtures (heliox or nitrox). Typically the gas
supplies are mixed on site with a variety of commer-
cially available gas mixers or blenders. These devices
typically mix pure oxygen with the diluent gas using =
series of three oxygen sensors. The gas is mixed in
volume tanks, which are then independently monitored
with a separate gas analyzer, before being supplied =
the diver. In some locations, use of 100% inert gases
has sensibly been discontinued for gas mixing because
of the possibility of inadvertently supplying the diver
with pure inert gas. There are minimum oxygen con-
centrations that are provided in the inert gas supply tha:
vary as a function of depth, with North Sea regulations
specifying a 2% oxygen minimum. Another important
consideration for operations that involve a number o°
different gas mixtures is to ensure that there is clear
identification of the gas mixtures in the diver bailou:
bottles. Implications of using the wrong bailout bottle
range from acute central nervous system (CNS) oxyzen
toxicity to hypoxia, depending on the depth of the dive
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Fig. 2.2.8 Diving method versus depth.
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Fig. 2.2.9 Open bottom bell system.

Many commercial diving contractors are now using
a 50/50 nitrox mix for the in-water decompression
phase following long deep air or heliox dives. The
50/50 decompression mix is typically premixed and
placed into the gas control rack only after the diver
leaves bottom and arrives at his 27-30 msw (89-98 fsw)
decompression stop.

In surface diving operations deeper than approxi-
mately 50 msw (164 fsw) depending on location, open
bottom diving bells are used, as shown in Fig. 2.2.9.

An open bottom bell is configured with a dry dome
of breathing gas at head level. The bell is supplied with
an umbilical hose for breathing gas and with commu-
nications. It also carries on-board emergency breathing
gas.

In a contingency involving loss of air supply, the
diver can abort to the bell and have two sources of
breathing gas as well as communications. Open bells
become necessary when the depth and bottom times
are such that abort to the surface on the bailout bottle
could result in serious DCS.

Some open bells are equipped with shorter
‘excursion’ umbilical hoses, which reduce the drag,
however, most divers elect to use an umbilical hose
from the surface, which they may fairlead through the
bell. This has the same advantage of reducing drag and
provides protection against problems with the bell
deployment and the recovery system, which are
significant considerations when motion compensation
systems are not used.

Some diving contractors utilize closed bell systems
(Fig. 2.2.10) for surface diving operations to provide for a
transfer under pressure to the deck decompression
chamber. This permits longer and deeper dives than could
be accomplished using surface decompression methods.

Fig. 2.2.10 Closed bell diving system.

SATURATION DIVING EQUIPMENT

In saturation diving the divers live in a deck decom-
pression chamber and transfer under pressure through
a transfer lock (which may contain the shower and
toilet facilities) into the diving bell, which is used as an
elevator to transfer under pressure to and from the
subsea worksite. Saturation diving systems vary in size
and complexity. Fig. 2.2.11 shows a 16-person satu-
ration diving system, which is built in below deck into
a diving support vessel (DSV). These DSVs typically
incorporate dynamic positioning systems, which allow
the vessel to maintain position in up to 10m (33 ft)
seas. These vessels are equipped with a series of
thrusters, which are controlled to maintain position
within approximately 5 m (16ft).

The position keeping is provided from a real-time
computer controller, which integrates local navigation
information, and sensors for wind, current and sea
state, with inertial dynamics models of the vessel to
compute the thruster commands necessary to maintain
position without having to use anchors. In these DSVs
the bell is typically launched through a retractable
moon pool in the bottom of the vessel to eliminate the
effect of surface sea conditions on deployment and
recovery of the bell.

Details of the life support systems of these satu-
ration systems are beyond the scope of this chapter.
However, it is important to note that the life support
requirements are demanding and increase in complexity
with the depth of the dive. For a 300 msw (984 fsw)
saturation dive the life support requirements are much
more complex than those associated with human
spacecraft. The breathing gas is less than 1% oxygen,
and a variance of less than 1% can mean the difference
between oxygen toxicity and hypoxia. There are also
very rigorous demands on the levels of carbon dioxide,
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(b)

Fig. 2.2.11 Typical deployable saturation diving system.
(a) Chamber complex with diving bell (left) and control cabin
(right) on top. (b) Control panel for diving system.

which are typically controlled, to less than 0.4-0.7 kPa
(3-5 mmHg). Gas contaminants also must be rigorously
controlled with careful materials selection. Even trace
levels of toxic gases can be lethal at these depths. It
is also recognized that contaminant gases can be

introduced into the system from the subsea work sites.
This dictates the use of electronic instrumentation
and/or chemcial color changing tubes to monitor for
toxic levels of contaminant gases. All chambers of the
system are outfitted with built in breathing systems
(BIBS), which can be used in the event of any problem
with the chamber breathing gas. Temperature and
humidity control also have tolerances that become
tighter as a function at depth. At 300 msw (984 fsw) a
1 degree change in the temperature can cause dis-
comfort and 5 degrees can cause hyper or hypothermia,
depending on the humidity which must also be tightly
controlled.

EVOLUTION OF CURRENT GPERAE{)NA{
DECOMPRESSION METHODS

Whereas many deep saturation dives are performed
around the world, the majority of commercial diving
occurs in the 0-50 msw (0-164 fsw) range. For this
reason the dominant decompression method used in
commercial diving is surface decompression on oxygen.
‘No Stop’ (No D) diving with air or N,-O, is used
extensively for work involving limited depth and
duration situations.

While hydrostatic forces and the effects of O, are
the same in the N,- and He-based gases, the difference
in their physical and biophysical characteristics lead to
differences in the scope of diving and decompression
methods. In all methods the key to accelerating
decompression is the effectively controlled and timely
use of the toxic oxygen as an inert gas diluent or
substitute. The initial Navy research and developments
of the Sur-D-O, diving method, for air diving and for
helium-oxygen diving, were therefore paralleled with
exposures to determine occurrences of nervous system
oxygen poisoning and convulsions (Ch. 9.4). At the
outset of the commercial diving expansion for offshore
petroleum recovery, industry gained from the important
new US Navy concepts of helium saturation-excursion
and decompression developments for deep work, but
leaned upon the pre-existing US Navy air Sur-D-O,
‘tables’ for shallower regions such as the Gulf of
Mexico and the southern UK North Sea gas fields.
While these air Sur-D-O, tables were useful for naval
related activities of short duration and shallow depth,
the expanding scope of commercial diving entailed
deeper and more prolonged open sea exposures, which
resulted in an increased occurrence and severity of
DCS incidents.

To counter the existing hazard, corporations in-
dependently inserted changes to the basic US Navy



2.2 COMMERCIAL DIVING 43

49

43 1

37 A

304

24

Depth (m)

o Type 1DCS
o Type 2DCS
0 T T T T

0 20 40 60 80

T T T T T 1
120 140 160 180 200 220

Bottom time (min)

Fig. 2.2.12 Distribution of DCS incidents by depth and time. North Sea commercial diving operations 1982-1990 (Shields et al
1994). (Pr T = PV T where P is pressure in bar and T is bottom time in minutes).

tables, e.g. increasing the durations of ‘in-water’ de-
compression stops and increasing oxygen recompression
exposures (considered as ‘treating’ imminent DCS).
British Government surveys (Shields 1986, 1989) made
it obvious that the use of the primary air Sur-D-O,
tables, with or without attempted improvement,
imposed hazards, and a policy of restricted depths and
durations for air diving was officially imposed upon the
UK industrial offshore operations (Fig. 2.2.12).

Improvements in Sur-D-O, techniques resulting in
increased bottom times with low DCS risk have been
made and implemented. These improvements include
but are not limited to: changes to the depth and duration
of in-water decompression stops; generally performing
deeper stops to reduce gas phase separation and
growth prior to the surface interval; and improvements
to the control of the surface decompression phase
including deeper initial compression to control gas
phase, followed by subsequently lower chamber
pressures to control oxygen toxicity doses (Lambertsen
et al 1992).

INTERSECTIONS OF SEA AND SPACE
OPERATIONS AND ENVIRONMENTAL
STRESS

The commercial ocean diver and the space ‘diver’ in
extravehicular activity (EVA), work effectively in
extremely different environmental circumstances, but
with common physiologic systems. Each worker is

subject to multiple physiologic stresses of long duration
exposures, and potential hazards of severe degree.
Gross differences exist in ambient and inspiratory gas
pressures, in multiple forms of thermal exposures, in
susceptibility to varied decompression incidents, and in
patterns of exposure to hyperoxia.

Special physiologic cross links occur in the measures
for prevention of hyperbaric and hypobaric DCS. The
ocean diver accumulates dissolved inert gas at work while
the oxygen-breathing astronaut loses it during prolonged
EVA. However, EVA carries the potential risk of DCS, as
this is performed at a lower pressure than that of the
space vehicle (30 and 100 kPa respectively).

These now familiar connections of ocean, aviation
and space activity are related to the awareness that the
astronaut must exit the present space station from a
physiologic state of saturation in an atmospheric
equivalent to breathing air at 101 kPa (1.0 ATA). The
familiar Tektite and US Navy Sea Lab undersea
programs had their origins in concepts of saturation
exposures and saturation decompression research
(Ch. 1, 10.2). The commercial diving industry, with
large research investments by academic institutions,
has greatly expanded the scope of the original
saturation and non-saturation diving for manned
undersea working exposures, through literally millions
of hours of practical operational experience. These
evolutions blended both research and operational
procedure for use in current undersea and aerospace
activity. Well established relations of commercial diving
to aerospace activity in this evolution include the use
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Fig. 2.2.13
training in neutral buoyancy facilities pravide up to 400 min
battom times at depths of 15 msw (50 faw) with no
decompression penakty.

Nitrox diving technigues applied to astronaut

of sophisticated nitrox diving procedures within the
MASA deep, water-flled "Neutral Buoyancy Laboratory®
for detailed premission operational training for the 6 h
EVA exposures and complex work required in present
construction of the International Space Statiom, The
ongoing extensive methods of deep subsea work by
comumercial divers with ROVs has also influenced
design of the unique tools, methods, and tasks enabling
human space station assembly and maintenance,

The recopnition is thercfore well established thae
efficiency of nitrogen saturation decompression & the
primeary limitation to sccelerated preparation for safe exit
from spacecraft, or from disabled submarines. Advances
in these capabilities are now ocourring, based on pooled
awareness of the uses of mogen and exercise to accelerate
elimination of nitrogen from hyperharsc and hypoharic
nitrogen sturabed states, These gains in understanding
will, as in the past, affect comamercial diving.
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