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There used to be a fime when there was ~ Rebreather diVing is not an
no safety margin in any activity that the exact science
human being wanted to participate

in. In a merciless prehistoric world, on a Let’s put it this way—cooking pasta,
daily basis, the cave men were hunting launching sky rockets or diving with a
with stones and sticks, a large variety of rebreather all share a common point:
predators the size of a tfruck, expecting Nothing is ever guaranteed to work.

to feed a hungry family. Then, Winchester .
gave men the ability to kill wild animals pO, readings are not accurate
while staying at a comfortable distance,  Even properly calibrated, oxygen sensors

without risking their lives. Safety margin fail to show the same oxygen content in
was born. a loop. Their age, their

chemical properties - O, exposure limits are variable
As recreational divers, we were taught or simply the humidity i When dealing with oxygen exposure,
to plan for realistic safety margins. One in the loop, all work : the sources come across quite
of the first rules states that you should to limit the accuracy - vague. The NOAA tables are
always start your final ascent with at of the pO2 readings. based on empirical data. The Decompression calculations
least 50 bar/500 psi in your cylinder. Asa  Even the famous vot- calculations for repetitive oxygen are qpproximq’re. In this areaq, the
technical diver, however, you suddenly ing logic is a pathetic exposures are more than unclear. motto seems to be: “Nobody knows".
discovered that this safety margin wasn’t  attempt to get a little Even the maximum pO, could Everything is as confusing as Sherlock
enough when doing deeper dives with closer to the exact change from one day to the next ~ Holmes and his riddles. A lot of theories,
required decompression, or even worse,  p0o. And it becomes in the same person, as shown algorithms, procedures and decompres-
when diving in an overhead environ- even worse when the by Kenneth Donald during the sion curves are discussed and experi-
ment. So, as rebreather divers, what kind  calibration is improp- Second World War. mented every day by “guinea pig”
of safety margin do we have? erly done. technical divers. During a dive at 60m,
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a
friend
of mine missed
one hour deco and simply
stayed at the surface, expecting signs
and symptoms of DCS that never came.
Is that individual variation luck, or a
huge safety margin implemented in the
decompression softwares?

Offgassing could be impaired by
a lot of factors contributing to DCS
Age, fitness level, iliness, PFO, body fat or
even history of DCS—pick your choice.
How could a complex phenomenon like
inert gas off-gassing could realistically be
mimicked by a mathematical equation?
Add one or all of these contributing fac-
tors, and you get something that looks
as complex as understanding the graf-
fiti made by a gang of drunken ghetto
rappers on a wall just before a nuclear
explosion.

So, if everything is so complex, how
could we possibly understand what
could happen to a rebreather diver from
a physiological standpointe
If the pOy in the loop is too
high, how could we predict Terms:

the threshold of the oxygen  DCS: DeCompression Sickness
toxicitye If the pOs is too PFO (Patent foramen ovale)
low, will the decompression  is a persistent opening in the
requirement planned be in wall of the heart, which did
accordance with what the  not close completely after
diver actually experienced? birth. Often goes unnofticed.

What
could lead to

oxygen toxicity?
When it comes to rebreath-
er diving, hyperoxia is the
bad guy—a kind of Darth
Vader on steroids. The upper

limit of pOy is clearly more dan-
gerous than the lower. People
can fear hypoxia and its lethal
consequences, but it takes time to

happen. High pO5 is sometimes just a
matter of seconds.

The three main reasons for having a high
level of oxygen in a rebreather loop are:

1. A problem with the electronics
One of the causes is a bad calibration. It
could be due to:

e A different level
of humidity in the
gas one uses for
calibration, com-
pared to what
could be found

* Anincorrect fO5 in the oxygen used
for calibration

* Anincorrect fOq in the air used for cal-
ibration; in case of a two-point calibra-
tion, any excessive pressure in the loop
during the calibration. This pressure is
generally caused by an obstruction
on the flow rate (closed mouthpiece,
stuck OPV, backpressure caused by
an analyzer connected to the loop,
etc.)

But it could also be a false pO, reading
on the handsets. Most of the time, the
problem seems to be an old cell or a cur-
rent-limited cell.

2. An user error

» A fast descent will create an O5 spike

* A wrong setpoint will unnecessarily
increase the Oy content in the loop,

for instance, selecting a high setpoint
before descending

in the loop during
the dive.

e Anincorrect
ambient pressure
when the sensors
are calibrated
in altitude, if the
user indicates
that it's done at
sed level
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* An excessive manual pO»p
injection

* A wrong diluent selection, if the
oxygen content in the diluent is
too high for the depth planned

* An oxygen exposure exceed-
ing the physiological limits

3. A problem with the gas supply

* Using a wrong gas, if the O9
or diluent tanks haven't been
analysed

* An Os leak in the loop, either
because of the solenoid stuck
in an open position or because
of a leaking schraeder valve

Why do rebreather

divers mostly use

high pO2 setpoints?
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One of these factors is Setpoint
selection (user error). In technical
diving, dive planning is all about
safety margins. So, why don't we
plan for some safety factors when
we choose the Setpoint for deep
CCR dives? Why do rebreather
divers mostly use high pO, set-
points?

A poll on the Rebreather World
forum showed that more than
half of the CCR divers use pO»
setpoints higher than 1.2 bar
throughout the dive, sometimes
increasing this setpoint during the
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last part of the ascent.

The reason for such a practise
could be found in the fear of
hypoxia (solenoid stuck closed
or rapid ascent). It could also
be seen as a way to decrease
decompression obligation. But
the main reason may be the fact
that 1.3 is the default setpoint
on the Inspiration/Evolution, the
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most popular units on the market.

For some divers, it's simply easier
to use the default setpoint than
modifying it every time the elec-
tronics is turned on.

Poll Results:

Less than 1.0 for the bottom phase
1.0 for the bottom phase

1.1 for the bottom phase

1.2 for the bottom phase

1.3 for the bottom phase

More then 1.3 for the boftom phase

| use the same PO, for the deco phase
| use a higher pO, for the deco phase

What's your pO, for deep dives?

0.00 %
3.39 %
3.39 %
14.41 %
41.53 %
1.69 %
13.56 %
2119 %

Cormwall - UK

On the other hand, a lower pO»
setpoint gives a lot of benefits:

Lower Oxygen Exposure:

A low pO2 in the loop during the
working part of the dive helps to
keep the oxygen exposure quite
reasonable. Therefore, the body’s
natural ability to deal with high
pOs levels will be saved for the
latter part of the dive and the
decompression stops.

Time to deal with emergency:

A lower setpoint gives more time
to deal with an increasing level of
oxygen in the loop. Whatever the
cause of the problem (mechani-
cal, electronics, user error), a
rebreather will always take more
time to go above 1.6 bar, if the
starting point is 1.0 instead of 1.3. It
provides the CCR diver with a buff-
er against major oxygen spikes.

Better PO, readings
The sensors give a more accurate
reading when dealing with low
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oxygen content. The user may not
e aware that one of the O, cells
is current-limited and has some
difficulties reaching a high pO».
During the calibration process, all
cells are supposed to reach 1.0,
but nothing—except an Oy flush
at depth—proves that the cell
can read a higher value.

So much for the benefits of
using a lower setpoint, but what
about decompression?

With air as diluent:
If your pOy is 1.3bar at 40m,
the actual fraction of Ny in the
loop should be around 73 per-
cent. If the setpoint is 1.0, this fNo
becomes 80 percent.

For a 60-minute dive, the
decompression requirement is
(according to V-Planner):

Pt 0o 9° ec®
Sexpo.\(\\ \Sde\po\ X d\)‘\ (\\ \\me
1.3 1.3 48 min
1.0 1.0 86 min
1.0 1.3 60 min
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With trimix (Heliair 10/52) as dilu-
ent: If your pOs is 1.3 at 80m,
your fraction of inert gases in the
loop should be around 86 per-
cent. If the setpoint is 1.0, this fNo
becomes 89 percent.

For a 30-minute dive, the
decompression requirement is:

0N aec®
corpo™ © sdee\go‘ "d\“\:g o ¥0
1.3 1.3 141 min
1.0 1.0 218 min
1.0 1.3 157 min

With the proper setpoint selec-
tion (low setpoint at depth and
higher in the shallows) it's only

a 16 minute longer ascent for

an almost three hour long dive.
So, we are speaking about a 10
percent increase in the decom-
pression time. And deeper or for
longer bottom times, this increase
is even smaller.


http://www.apdiving.com
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What
is a
reason-
able safety
margin?

When it comes to
oxygen exposure, a
rebreather diver should
be well aware of the
physiological limits to
which he or she will be
exposed. Safety margin
is everywhere in tech-
nical diving, as it's eve-
rywhere in the daily life.

What kind of safety
margins should we use
for deep or extremely
long CCR dives?

1. For gas management,
we should use the rule of

1/3's. At the end of the

dive, a CCR diver should
still have at least 1/3 of the oxy-

gen cylinder left.

2. For decompression, all sea-
soned technical CCR divers
increase the conservatism level
and try to modify the off-gassing
curve with gradient factors or

deeper stops.

3. When it comes to hypercap-
nia, we make sure that we stay

well within the recom-
mended duration of
the scrubber.

4. For narcosis
management, we

should always make sure that the
END at the maximum depth will
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5. For the oxygen
exposure, a com-
petent CCR diver
should always stay
within reasonable
limits and should
select a setpoint
lower than 1.1bar
for the bottom part
of the dive, maybe
increasing this setpoint
during the decompres-
sion phase.

Remember:
if the cavemen were able to survive
in a very hostile environment, it's

because they learned to implement
some safety margins in their daily
activities by designing appropriate
tools and clever hunting strategies.
A rebreather diver should do the
same in order to survive deep and/
or extremely long dives. Safety mar-

References

Oxygen and the Diver by Kenneth Donald

Partial Pressures of Oxygen Selection in
Closed circuit rebreathers by Rod Nairne

Setpoint Selection by Stephane Havard

Rethinking Oxygen Limits by Dr. R.W Bill

gin is a must when it comes to pO» Hamilton
setpoint selection. m Oxygen exposure management by Richard
D. Vann

Physiology of Rebreathers by Dr. David
Sawatzky

Chapter 17 and 17b of the US Navy Diving

Manual

And, oh.... this is, by the way,
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THE GOLD

STANDARD

SIMPLE
ENOUGH
TO BE YOUR

FIRST

DIVE COMPUTER

SOPHISTICATED
ENOUGH TO DIVE

FOREVER

The Gold Standard of sport dive
computers, the Cochran Captain has
been re-invented as the Cochran EMC-14.
" The EMC-14 is packed with all the features you
need to feel safe and confident on any dive.
And when you're ready for more advanced
environments the EMC-14 is there with
constant FO2 and NITROX handling.

And that’s only the beginning. The EMC-14 has
expanded memory, maximum depth alarm
and like all dive computers in the EMC family,
takes many environmental factors into consid-
eration when calculating decompression data
using Cochran’s EMC decompression model.
Add to that a direct interface with your PC
using the powerful Analyst 4.01 software.

All this, plus much more at an entry-level price.

Cochran

UNDERSEA TECHNOLOGY
800.856.3483

divecochran.com

Analyst 4.01 Software

Cochran Analyst 4.01 is the perfect com-
panion to your Cochran Dive Computer.
This advanced dive tracking and educational
software helps you to be a safer diver!

= Use the built in Dive Simulator function to
determine your response to different
diving situations.

» Download dive profile information from
your Cochran Dive Computer and chart it. .
» Send detailed dive profile information

directly to DAN with the click of a mouse!

Visit www.divecochran.com for a FREE demo.
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