






























































22 o Chapter 1 Partlll: Basic Terms And Concepts

use air. Each arrives at different numbers. We also now know that bubbles often
form with no symptoms. M-values, covered next, take the supersaturation concept
further and try to define when your compartments have had enough.

Divers aren’t the only ones who have to know about supersaturation ratios. When
you ascend from land to altitude, ambient pressure drops. Pressure does not drop
as much per distance as underwater, because air is lighter than water. You have to
go to 18,000 feet before pressure drops to half that of sea level. That’s a good thing
— you wouldn't want to get decompression sickness every time you took a fast
elevator. There have been cases of decompression sickness in flight crews who
experienced large. rapid cabin depressurization during a flight emergency (as well
as air embolism and ear equalization trauma). Decompression sickness is also a
concern in extravehicular travel during space flight. The space shuttle is kept at one
atmosphere absolute of regular air. The pressure inside space suits is less than one
atmosphere absolute. To get into the suits, astronauts first breathe oxygen to outgas
nitrogen.

M-VALUES

M-values — Maximum nitrogen (or other inert gas) tensions that
various compartments are thought to tolerate before supersaturation
produces a harmful amount of bubbles.

The 2:1 supersaturation ratio for all compartments worked well for the applications
for which they were developed, but did not prevent problems as well in other
exposures. The US Navy began work to modify the Haldane tables. By the late
1950’s. R.D. Workman of the US Naval Experimental Diving Unit (NEDU)
systematized work done by others and experimentally determined maximum
nitrogen tensions in different compartments before bubbles are thought to form.

hese maximum tensions are called M-values. (M is for maximum). M-values exist
for any inert gas used. M-values in this chapter refer to nitrogen, unless noted.

Decompression tables and computers limit depth and time so no compartment
exceeds its M-value at any point during the dive. This is accepted to reduce
decompression problems. Bubbles have been found in recreational divers after
profiles that don’t exceed established limits. M-values are not magic limits that
prevent bubbles. Avoid diving the time and depth limits of your tables or computer.
The numbers can only approximate what is happening.

M-Value Units. M-values are pressures, so units are pressure units. The unit fsw is
used, as it is convenient to have M-values in the same units as the dive for easy
comparison.

Different M-Values for Different Compartments. Fast compartments tolerate
higher supersaturation ratios than slow compartments, so have higher M-values.
According to the US Navy Standard Air Decompression Tables for example, a five
minute compartment was empirically observed to tolerate a maximum nitrogen
tension at the surface of 104 fsw, a 120 minute compartment, only 52 fsw.

Table 1.2 compares half-time compartments and their corresponding M-values in
two models. For perspective, remember that all your compartments start with a
nitrogen tension approximately 26 fsw at sea level (79% \7 33 fsw).
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Table 1.2. Comparison of M-values (fsw) in two different models, the US Navy Standard Air
Decompression Tables, and the DSAT RDP. In both, fast compartments are considered to tolerate higher
supersaturation ratios than slow tissues, so have higher M-values.

Half-time (T1/2)
5 10 20 30 40 50 60 80 120 [;

US Navy 104 88 72 - 56 - - 54 52
DSAT 99.08 82.68 66.89 5974 55.73 - 51.44 49.21 46.93
: L { = )

= '

Different M-Values for Different Depths. Each compariment has different M-values

for different depths.
Recreational no-stop diving is based on being able to ascend directly to the surface.
Your decompression table or computer tells you to surface before any of your

compartments reach M-values allowed at the surface. Surface M-values are written
Mo, pronounced M sub zero. If compartments would exceed Mo, you make a
decompression stop to let your compartments drain down until they are below Mo.

Mo is the maximum tension you can build up and get to within 10 feet of the
surface, with acceptable risk. If you have built such high nitrogen tensions that you
should not ascend as far as the decompression stop at 10 feet, you do a deeper stop
to offgas enough to ascend further.

Controlling Compartments. M-Values allow decompression tables and computers to
determine depth and time limits for different compartments, then base the limit for
the entire body on the compartment that would first reach its maximum. That
compartment is called the controlling compartment.

"TABLE-BASED AND MODEL-BASED COMPUTERS

Table-Based Computer — Looks up the dive profile against values
already determined by a decompression table.

Model-Based Computers — Calculates decompression for the actual
depth-time profile in real time.

The many Haldane based decompression computers give their final answer in two
ways. A very few look up the dive profile against values that have already been
determined by a decompression table. They assign the actual dive profile to a
predetermined depth-time profile that is closest. These are called Look-Up or Table-
Based Computers. The majority of computers are Model-Based — programmed with
the decompression calculation algorithm. They calculate decompression for the
actual depth time profile.
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CHAPTER 1
PART IV

INTRODUCTION TO
NON-HALDANE MODELS

Some decompression models view gas transport or bubble formation different from
the Haldane model. Their development grew from need to reduce decompression
problems in dive profiles not covered by the Haldane model, and because several
issues in decompression dynamics remain unexplained by existing decompression
theory. As mentioned in Part II, the tables are not just number fiddling, but based
and adjusted from experience. Concepts behind a few of several non-Haldane
models are briefly summarized.

e Statistical Models

e Series Model

* EL Model

e Varying Permeability Model

e Reduced Gradient Bubble Model
¢ Slab Model

STATISTICAL MODELS

Statistical Model — Decompression tables that approach
decompression statistically; out of so many dives of a specific type,
so many DCS incidents are expected.

Some decompression models approach decompression statistically, that out of a
given number of dives of a specific type, a certain number of DCS incidents is
expected. The US Naval Medical Research Institute (NMRI) in Bethesda developed
several statistical tables using maximum likelihood calculations developed by Dr.
Paul Weathersby.

One table for air diving gives dive profiles with 1% risk of decompression
sickness. A second table for air diving has longer profiles with 5% predicted risk.
Which profile is chosen depends on priority and length of the dive mission. Other
tables use gases other than nitrogen, also profiling dives with 1% or 5% risk.
According to decompression physiologist Dr. Bill Hamilton, statistical models are

the coming wave in decompression models.
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SERIES MODEL

Series Model — Decompression model where inert gas is assumed to
pass serially from compartment to compartment. Only one
compartment is considered exposed to the ambient pressure reached
in the blood stream. The Canadian DCIEM tables are calculated with
a series model. Also called serial model

In 1962, researchers D.J. Kidd, a Canadian Navy surgeon, and R.A. Stubbs, a
Canadian Air Force scientist, began work to develop a dive computer. They started
with a Haldane parallel model and later decided that a series (serial) model better
represented the human body.

Decompression tables and computers based on the Haldane model assume that
compartments ongas and offgas separately but at the same time directly to and from
your blood. The idea of separate, simultaneous, gas transfer is called parallel gas
transfer. In a parallel model, no gas transfer is assumed between compartments,
Figure 1.9.

It’s unlikely that all gas diffuses to and from compartments in parallel. Adjacent
compartments are often of different half-times. Higher nitrogen pressure areas
reside next to lower pressure areas. Nitrogen would flow from higher to lower
pressure areas. Gas transit from compartment to compartment is called series
transfer. Only one compartment is considered to be exposed to the ambient pressure
reached in the blood stream, Figure 1.10. The phenomenon of serial transfer has
been observed in pharmaceuticals. A series model may account for nitrogen transfer
as well. According to decompression modeler Dr. Hugh Van Liew of SUNY
Buffalo, “Both kinds of model attempt to describe reality. Reality may be more
complex than either model.”

The first Kidd-Stubbs “computers” were built before microprocessors. Their first
model, simulating a parallel model. was made of pipes of different lengths

connected with small orifices to simulate gas diffusion into the compartments. The
short pipes were fast half-time tissues because they filled quickly. The long pipes
were slow tissues, taking longer to fill. A pressure gauge on each pipe showed the

pressure within each “compartment.” These computers were called pneumatic
because the only driving force required was the gas pressure. Their series model
took several different forms in the prototypes. Later versions were machined

compartments of the same volume connected up by “pneumatic resistors”
controlling rate of flow into and out of the compariments
The two laboratories where Kidd and Stubbs worked (Canadian Forces Institute of

Environmental Medicine and the Defence Research Medical Laboratory) merged in
1971 to form DCIEM - the Defence and Civil Institute of Environmental Medicine
in Canada. The Kidd-Stubbs computers, first the pneumatic-mechanical, and later,
pneumatic-electronic devices were used for much of the experimental diving at
DCIEM in the 1970’s. As microprocessor and digital technology replaced
pneumatic technology, DCIEM converted to a digital microprocessor-controlled
computer using the mathematical algorithm from the Kidd-Stubbs series model.

The present DCIEM Kidd-Stubbs tables were developed by the DCIEM group led
by Ron Nishi. They use four compartments in a series. These compartments don’t
have set half-times. Compartments ongas and offgas to each other. Different filling
times result for each, depending on depth and conditions. /
hD ’ ?;! ~ 24 !
¢
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Parallel Gas Transfer

Fast Medium Slow

exposed separately to ambient pressure from the blood, and

Figure 1.9. Compartments are considered to be
blood. No gas transfer is assumed between compartments.

ongas and offgas separately to and from your
Haldane models assume parallel gas transit.

Series Gas Transfer

o &
*
\

Compartments do not have set half-times, and ongas and offgas to each other.

\':1.43 oo i,c;:cf
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(/L Figure 1.10. Only one compartment is assumed to be exposed to the ambient pressure reached in the blood.
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EL MODEL

EL Model — Decompression model where inert gas uptake is
calculated as exponential (E), and offgassing as linear (L).

EL stands for Exponential and Linear. The EL model is a variation of the Haldane
model. The EL is a parallel model that describes ongassing at exponential rate, as in
Haldane models, but as soon as supersaturation occurs, a slower linear offgassing
is used, Figure 1.8 (Part III explains these terms). Haldane decompression models
calculate ongassing and offgassing at the same exponential rate. Linear offgassing
requires longer stays during decompression stops.

The Haldane model assumes no bubble formation on ascent, however it does occur,
and when bubbles occur, they slow offgassing. Haldane models then cannot
accurately predict offgassing time. This slowed offgassing may produce more
bubbles. Another factor changing offgassing dynamics is that blood flow normally
changes rapidly all over the body. Slower ascent times using the EL model are
believed to limit bubble formation.

Capt. Ed Thalmann of the Naval Experimental Diving Unit (NEDU) and his group
developed the EL model as a basis for 2 US Navy diver-cammed computer for
combat swimmers. ¢

They found that the profiles generated by the exponential offgassing of the USN
tables were not conservative for the depth/time dive profiles they needed.

Exponential
Uptake

% Lipegr _

Filling \\ Elimination
N,

(Exponential

Dive —fpp{ Elimi atj“gg“)m

Time

Figure 1.8. Filling and emptying curves for the EL model.

SLAB MODEL

The slab model uses one compartment, called a slab, rather than
several separate compartments. Gas diffuses through one area of the
slab to get to another.

The slab model describes decompression dynamics in the body using one
compartment, called a slab, rather than several separate compartments. Gas diffuses
through one area of the slab to get to another.

{\
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The fastest area is considered exposed to the ambient pressure of gas in the blood.
The slowest, farthest away.

The British Sub-Aqua Club (BSAC) tables use the slab model. They were
developed by Dr. Tom R. Hennessy of London.

VARYING PERMEABILITY MODEL

Varying Permeability Model — Decompression model limiting bubble
size on ascent 10 a critical volume, and quantity to below a critical
number. Also called the Tiny Bubble model.

Haldane-based tables and computers calculate limits for dives based on eliminating
gas that is dissolved in your body, not gas that has come out of solution to form a
free gas phase and bubbles. When bubbles form in your body they slow further
nitrogen exit by several mechanical and chemical means. To account for free phase
bubbles, several bubble models were developed. One is the Varying Permeability
Model developed by a group of University of Hawaii researchers led by Drs. Yount
and Hoffman. Their work descended from experiments of bubbles in
supersaturated gelatin. They believe the size and number of bubbles is important,
and that the body can tolerate a certain amount for long periods of time. Their
research group is called the Tiny Bubble Group.

They base their model on very small gas phases stable enough to remain bubbles,
but small enough to remain in solution. Surface-active molecules on the bubble skin
keep them stable. The varying permeability model limits bubble size on ascent to a
critical volume, and number to below a critical number, called delta-n, which
changes with depth and time. For short decompressions times, bubbles don’t have
time to grow very large. The model allows many small bubbles. With long
decompressions, bubbles have time to get big. The model restricts ascent to only
allow a few. Based on this, the model calls for safety stops or shallow swimming,
shorter no-stop times, ascent rates not over 60 ft/min, and restrictions on deep
repetitive dives, ‘spike’ (shallow to deep) dives, and muti-day diving. All of these
are consistent with conservative table use in general.

REDUCED GRADIENT BUBBLE MODEL (RGBM)

Reduced Gradient Bubble Model (RGBM) — Decompression model
using reduced surface gradient on repetitive dives.

Another free phase bubble model is the Reduced Gradient Bubble Model descended
from the tiny bubble model described above. It was developed by theoretical
physicist Dr. Bruce Wienke, and partly based on the work of Yount and Hoffman.
The RGBM reduces the surface gradient on repetitive dives. Surface gradients are
much like M-values, where shorter half-times have larger values than longer half-
times. Reduced allowable surface gradients shorten no-stop diving time on
repetitive dives. The RGBM also tries to account for diving deep after a previous
shallow dive, and for multi-level diving.
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CHAPTER 1
PART V

DIVING WITH GASES
OTHER THAN AIR

Diving with gas mixtures other than regular air is not a new idea. Commercial,
scientific, and military applications have long used helium. nitrogen. and oxygen in
varying concentrations, and occasionally hydrogen, argon. and ncon combinations

with oxygen for depth and time exposures not suitable for regular air.

pmen requircments. Get
training through mixed gas training organizations before you try it.

{[=]

Breathing mixes have high technical, equipment, and trainin

=

* Oxygen Enriched Air
* Heliox

* Trimix

e Gas Switching

OXYGEN ENRICHED AIR

Oxygen Enriched Air (OEA) — Breathing mixtures with higher
oxygen percent or fraction and lower nitrogen fraction than regular
air. Used to reduce decompression sickness risk on the same profile
as an air dive, or to extend bottom time with similar risk. Because of
increased oxygen, OEA mixes are not used to extend depth range.
Also called Enriched Air Nitrox (EAN).

The term nitrox historically referred to mixtures with less than 21% oxygen,
commonly used in habitats and saturation situations to avoid oxygen toxicity
problems. When oxygen percentage is above the normal 21% of regular air it is
called enriched air nitrox (EAN or EANx) and/or oxygen enriched air (OEA). All

the terms are often interchanged, which is sometimes confusing. Two EAN mixes

are currently popular. NOAA Nitrox I, called EAN32, has 32% oxygen and 68% L
nitrogen. NOAA Nitrox II, or EAN36, is 36% oxygen, 64% nitrogen.

Mixtures with more oxygen and less nitrogen than air incur less nitrogen uptake,
compared with air. Compared with air, you can dive longer, or increase your safety
margin for the same profile.
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Equivalent Air Depth (EAD). Equivalent Air Depth (EAD) is the depth defined by the
partial pressure of nitrogen you breathe, rather than your actual depth. For a mix
with less nitrogen than air, EAD is shallower than if you were breathing air.
Understanding EAD helps you see how less nitrogen allows you to dive longer or
deeper, with nitrogen tensions as if at shallower depths, Table 1.3.

EAD is calculated with a partial pressure equation:

1-Foy) (D+33
EAD (fsw) = ( ;)7(9 ) - 33 i

(1-FO,) is the fraction of nitrogen, because FO; is the fraction of oxygen,
so subtracting it from 1 gives what’s left, or nitrogen.

D is your actual depth in feet of sea water (fsw).

(D+33) adds 33 fsw (for the atmosphere) to the measured depth to get
absolute depth.

Dividing by 0.79, the fraction of nitrogen in air, gives the equivalent
absolute depth.

Subtracting 33 fsw gives the measured depth to use in dive tables.

Table 1.3. Equivalent air depth (EAD) examples. EAD is shallower than actual depth because there is less
nitrogen in the mix.

Equivalent Air
Breathing Actual Depth Depth (EAD)
Mix (fsw) with respect to
nitrogen (fsw)
Air 80 80
EAN32 with 32% O, 80 64
EAN32 with 32% O, 100 81.5 v~
EAN36 with 36% O, 80 58.5 «
EAN36 with 36% O, 100 75 ¢

EAN mixes are not used to extend depth range. The higher oxygen content creates

risk of oxygen toxicity at shallower depths than air. The maximum operating depth

(MOD) for nitrox is shallower than for air. MOD varies with application and work

(- load. Maximum operating depth (varying with conditions) for EAN32 is

L~ approximately 130 feet. For EAN36, 110 feet. Oxygen toxicity, and variables

affecting maximum operating depth are described in Chapter 5, Diving Injuries.
EAN diving requires additional training specifically for nitrox.

Enriched air nitrox diving uses special nitrox decompression tables and computers.
Because nitrox tables are currently based on the same Haldane model as many air
decompression tables, EAD can also figure the equivalent depth with respect to
nitrogen to apply regular air decompression tables to enriched air nitrox dives.
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Calculating EAD is a good mental exercise on land, but it is simpler and less prone
to calculation error to use tables for nitrox diving where EAD is done for you.

Enriched Air Nitrox Misconceptions:

« A misconception that has made the rounds of divers is that decompression
sickness from an enriched air nitrox dive is somehow less serious, or that enriched
air nitrox bubbles in the body are less injurious than those from air diving. There is
no good evidence that the bubbles or consequences differ in each.

« Breathing enriched air nitrox does not rule out hyperbaric chamber treatment in
case of decompression sickness. The increased oxygen would not add appreciably
to risk of oxygen toxicity during chamber treatment. Treatment for DCS after diving
with EAN is the same as after diving with air.

o Divers often ask if oxygen has mood-clevating qualities. Such guestions siem
from reports of feeling better after enriched air nitrox diving than air diving, and
after oxygen treatment for diving injury. There is good evidence that oxygen does
not cause euphoria, but often relieves physical symptoms, W hich could improve

spirits. High nitrogen burden may contribute to fatigue after dives. Extreme fatigue
that is due to bubbles is a type of decompression illness. Reducing the nitrogen
burden with more oxygen reduces the likelihood of nitrogen related fatigue and
feeling unwell. Studies of breathing 100% oxygen before and after exercise at sea
level show no physical mood-boosting effects, although a percentage of
experimental subjects who were told they were breathing oxygen, but received
room air, reported elevated mood. Football players often breathe oxygen believing
it will help them, but several studies show oxygen has no beneficial physical effect
before, during, or after short, intense efforts such as football. Mood effect of
oxygen under hyperbaric pressures is less well studied.

HELIOX

Heliox — Mixture of helium and oxygen. Helium replaces some or
all nitrogen, and part of the oxygen. Reduces or eliminates nitrogen
narcosis on deep dives, and allows oxygen level to be controlled to
reduce risk of oxygen foxicity.

Originally only in military, commercial, and scientific diving realms, very deep
dives are now done by well-trained, well-equipped, private citizens for fun. These
dives often use helium-oxygen mixes, called heliox. Helium replaces part of the
oxygen in air, and some or all of the nitrogen. Less oxygen reduces oxygen
toxicity. Helium causes less narcosis than nitrogen (some say none), meaning it can
be used at depths that would incapacitate a diver with nitrogen narcosis. Helium is
easier to breath than nitrogen at depths of hundreds of feet, reducing the work of
breathing that would otherwise be a substantial hindrance and health hazard.
Helium causes Donald Duck voice. Applications where the diver must communicate
with others by speech use helium speech unscramblers. Use of heliox requires /
special heliox training.

Helium Misconceptions:

 Helium does not necessarily reduce decompression time. Helium does not
dissolve as well in your tissues because it is naturally less soluble than nitrogen.
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However, the helium that dissolves passes into your tissues faster than nitrogen.
Technically speaking, helium is less soluble but more diffusible than nitrogen,
making helium half-times over 21/2 times faster than nitrogen half-times. According
to decompression physiologist Dr. Bill Hamilton, ascent after saturation diving is
faster with helium than nitrogen, everything else being the same, but since helium
loads faster. decompression may be faster with nitrogen than helium for short
exposures. All the variables make it complex.

* It is not the case that Donald Duck voice is due to the vocal folds (cords) vibrating
faster in helium than in air. Two main reasons for voice change are speed of sound
and impedance maich. These two don’t account for everything, but do account for
most of it. The main consideration is the different speed of sound in different gases.
Sound travels faster in low molecular weight gases like helium. The second factor
is the shift in low frequency vocal resonances in gases of different density. The
shift results in the nasal voice of deep chamber dives, but that is different from
Donald Duck voice. The fundamental pitch of vocal fold (cord) vibration doesn’t
change with density of the breathing gas. Dr. David Doolette of Australia points out
that if it did, the Donald Duck voice would gradually lower to normal at depth while
breathing helium, and your normal voice would rise to Donald Duck pitch when
going to altitude while breathing air.

* There is much discussion whether you get colder breathing helium than breathing
air. Helium has greater thermal conductivity than air. Undeniably, you lose more
heat when surrounded by helium than by air, because heat conductance is the major
y, factor in skin heat loss. Therefore helium is not used in dry suits. However,
« respiratory heat loss depends on heat capacity, and not at all on conductance. The
thermal capacity of helium per gram is higher than that of air. However, there are
fewer grams of helium for the same volume breathed because it is far less dense,
making thermal capacity less compared to the same volume of air. Less heat would
be lost breathing helium, so it should not chill you to breathe, as commonly
thought. In a helmet or full face mask, your face may feel cool, making it hard to
separate out the lesser loss through breathing. Depth affects gas density, and so
heat loss through the breathing medium, and to be more confusing, you also need
to account for interactions of respiratory heat loss through convection and
evaporation. With helium you may also be more aware of the cold that is so
common in diving, than when dulled by narcosis while breathing non-helium
mixes. Remember too, it is generally not feasible to breathe air at depths where
helium is used, so hard to compare in actual use. The short answer seems to be that
breathing mixtures of helium at depths encountered by technical divers does not
result in greater cooling than breathing air. Helium feels colder to your skin than
air, but it carries away less heat when you breathe it.

TRIMIX

Trimix — Mixture of three gases for diving beyond the air range,
usually helium, oxygen, and nitrogen.

Trimix is a helium-nitrogen-oxygen breathing mix. Helium replaces some of the

nitrogen and oxygen to reduce narcosis and oxygen toxicity, as explained above in
the section on heliox.

Because helium is expensive, some nitrogen is kept in the mix, popularizing trimix
over heliox for many but not all deep pleasure dives. Because of narcosis that may
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occur, divers using trimix must consider depth and conditions to determine
suitability of nitrox for their dive. These considerations and others are covered in
special training that divers need before trying trimix.

Another application for a trimixture is extreme depth diving. At depths past 600 feet
or so, pressure begins to exert an excitatory effect on the nervous system called
High Pressure Nervous Syndrome (HPNS). Pressure itself seems to cause HPNS,
not helium, as sometimes thought. Adding a small amount (5-10%) of nitrogen
back into the mix reduces HPNS. Nitrogen is a neural depressant at high pressure.
Some consider trimix the choice over heliox for deeper work, but others don’t
agree.

GAS SWITCHING

Gas Switching — Changing the breathing gas during a dive,
sometimes several times, to keep gas partial pressures within
acceptable ranges and/or assist inert gas elimination. Reguires usch
training and logistics.

Divers can’t breathe the same mix at all depths during deep diving. Divers switch
from higher percentage oxygen mixes during descent. to lower percentage “bottom

mix” to keep PO, within acceptable range. They switch again to higher “travel”
mixes during ascent, then sometimes higher mixes again for decompression hangs.
Such switching require training. plicated and large equipment set-ups, gas
logistics, and special decompression calculations, often custom “cut” by

Hypoxic and Normoxic. Gas mixes like heliox and trimix used at great depth must
have a lower oxygen percentage than regular air to reduce risk of oxygen toxicity.
Sometimes PO, is so low it would not keep you alive if you breathed it on land.
That is called a hypoxic mix. At depth, the increased partial pressure provides
enough oxygen molecules to support your life.

Consider a hypoxic mix containing only 2% oxygen. It would not keep you alive
on land. At 313.5 feet, PO, rises to the equivalent of a 21% mixture of air (PO2 =
0.21 ATA). A 5% oxygen mix, also too low to sustain your life on land, becomes
normoxic at 105.6 feet. Normoxic means that the partial pressure approximates that
at sea level, 0.21 ATA, regardless of true fraction. Divers doing profiles so deep
they require gas switching must plan their equipment to get the right mix for their
depth. A bottom mix with low O will suffocate you when shallow. A higher O3
travel or decompression mix can result in oxygen toxicity if used when deep.

Decompression Mixes. Decompression mixes are high oxygen mixes of varying
percentages up to 100%. They are used during decompression stops of deep and
technical dives to reduce decompression “hang” times and risk of decompression
sickness. They are also called intermediate mixes and hang mixes.

High oxygen mixes increase the nitrogen offgassing gradient, to reduce
decompression hang times and risk of decompression sickness. They are not for
use at depth. Tragedies have occurred when divers mistook their high oxygen mix
regulator for the backup regulator at depth, and suffered an oxygen toxicity
convulsion.
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For any breathing mix other than compressed air, make sure every tank you use is
analyzed for oxygen content. Changes in temperature and pressure when filling
tanks can change the mix. Oxygen content may not be what you expect. Read about
ideal gas behavior in the glossary.

Without training, it is risky to dive with special gas mixtures. Get good training
before _\L u try non-air mix diving.

CONCLUSION

There is much more to decompression theory than presented here. This chapter will
get you started with the basics. Whether you use decompression equations or not, it
is helpful to understand the concepts behind them. A good understanding of what is
known allows you to make better decisions about decompression tables and
computers to dive more safely. You will also be better able to spot misinformation.

The object of all decompression tables and computers is to maximize diving time,
minimize physiologic problems of breathing oxygen, nitrogen, and other gases, and
do it reliably which means repeatedly with similar results. Decompression tables
and computers vary on a continuum of conservative to liberal. No tables or
computers are risk free. In decompression theory, as in pharmacology or any other
physiologic issue involving dose of a substance and its response, we do not yet
have the perfect way to describe nitrogen leaving your body, thereby completely
preventing decompression sickness. In decompression theory, more is unknown
than known. The models that are the basis for current decompression computers

and tables are rough approximations of the complex biologic system that is your
body.

Many decompression sickness cases result from improperly using tables and
computers. Major considerations in your risk are depth, time, and ascent rate
(Chapter 5). You can easily control these, and use your tables and computers
conservatively to increase your safety margin. The responsibility to use tables and
computers properly is yours.
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