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Introduction




Gas blending is a bit like making fudge. One
day everything just goes smoothly, and the next day all you end up
with is toffee. It is as much art as it is science. Like everything
in life, the more you know about it and the more you practice it
the better you are at it.

 


This is the first book in the diving series,
followed by Dive Computers; Deep and Safety Stops, Including Ascent
Rate and Gradient Factors; Diving Below 130 Feet; and Gas Blender
Program.

 


This book is for any person that has an
interest in gas blending,

deep or technical diving. Even existing gas
blenders will find the tips and formulas of great value.
Alternatively, a new way of explaining things might just be what is
needed to help you understand how gas blending works. Deep and
technical divers will benefit by knowing more about the gasses they
breathe and the effects it has on the body. In addition to knowing
more about how the mixtures they dive with is made, it can also
help you plan your dives better for repetitive dives with top up
mixes.

 


From the basics of blending Enriched Air
Nitrox (EANx) to Tri-Mix, Helair to Heliox blending is covered.

 


Additionally included is blending with
impure helium (helium that has Oxygen mixed in it, or industrial
Oxygen) to formulas for working out the actual breathing mix in a
rebreather loop at any depth at any PPO2, and what would be the
appropriate mix to bailout to at depth.

 


Blending to help prevent ICD is covered.
This is switching from a high inert gas to a low inert gas. Say
from a high helium mix to a low helium mix or a mix that has no
helium in. The possibility exists for getting decompression
sickness at depth when making the switch.

 


In addition the effects of gasses on the
body are covered. At the end of the book a chart section is
included. These cover standard mixes, for both Nitrox and Tri-Mix.
You can use the charts to easily locate a blend and use the values
provided to blend your gas. Best gas Charts for Nitrox and Tri-Mix
are also included.

 


This book is a must have for any blender or
technical diver, it will be an excellent companion and reference
guide. Forgot a formula or need a quick refresher? No problem, just
quickly scan the summary at the end of the chapter that deals with
the gas that you need to blend. Each chapter is followed by
examples to help you understand and learn. There is a question
section following the end of each chapter, with answers and
workings in the end of the book. There is also a section on tips
and tricks for blending at the end of chapters to help you
along.

 


This book is also a companion book to
‘Gas
blender program, create your own blender program in
Excel’, which shows you step by step how to create an Excel
spreadsheet that can run on iPhones, laptops, cell phones, iPads
and more, blending on the move at your fingertips. You can also
mail the author your receipt after purchasing the Gas Blender Book
to have a ready made spreadsheet mailed to you. Saving you the time
to do it yourself, but with the benefit of being able to change it
to your liking.
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Chapter 1: Getting To
Know the Gasses

 



Air:

 


Contents: 20.95% Oxygen O2 (rounded to
21%)

78.08% Nitrogen N2 (rounded to

79%, to include trace gasses)

0.93% Argon Ar

0.03% Carbon dioxide CO2

0.01% Trace gasses and vapor

Density 1.293 g/l

Total molecular mass 28.97 kg/kmol

 


Air is the most common gas used for diving,
and until the use of Tri-Mix gas as a diving gas, air was used for
deep dives in excess of 500 ft (151,51 m).

 


Although air is the most common gas used in
recreational diving, it is in most cases not the ideal gas. Due to
the high nitrogen content in air, enriched air is in most cases a
better option.

 


Deep air diving is still practiced in some
parts of the world where it is difficult or impractical to obtain
enriched air or other breathing gasses.

 



 



Oxygen:

 


Atomic Number 8

Symbol on periodic table O

Atomic weight 15.9994

Melting Point - 361.82 °F

Boiling Point - 297.31 °F

Density 1.429 g/L

Narcosis level 1.7 of Nitrogen

(Normally calculated as 1 for ease of
calculation)

Heat conductivity 26.4 mW/m (milli
watts per m)

 


Oxygen is pale blue, odorless and tasteless
when in gas form.

 


Discovered by
Carl Wilhelm Scheele in Uppsala at around 1773, and
named by Antoine Lavoisier in 1777.

 


Oxygen is an abundant element on earth,
making up 49.2% of the earth’s crust by mass, and is the third most
abundant element in the universe.

 


Oxygen is widely used in the medical field.
As a main component of life, supplemental Oxygen is widely given as
treatment. Supplemental Oxygen increases the level of Oxygen in the
blood and tissue and also decreases resistance to blood flow in
many lung diseases. Oxygen is used in
hyperbaric treatment of cancer, burn victims, gas gangrene, CO
poisoning and decompression sickness, to name a few.

 


Oxygen is also widely used in industrial
processes like metal cutting and melting. Liquid Oxygen is also
used in large rockets as an oxidizer.

 


In aviation and space flight Oxygen is used
as a breathing gas due to the low surrounding pressure.

 


In many armored vehicles, Oxygen is used as
a positive pressure gas to help protect the occupants from toxic
gas attacks.

 


Oxygen under elevated pressures can become
toxic. Partial pressure exposure to more than 160 KPa or about 1.6
ata can result in convulsions. However, breathing Oxygen at partial
pressures above 60 KPa or around 0.6 ata for extended periods can
result in permanent pulmonary fibrosis. The alveoli
in the lungs start to dry out and their ability to transfer gas in
and out declines. High PPO2 over a short time can result in CNS
toxicity which symptoms include muscle convulsions, visual
disturbances, nausea, twitching (normally in facial muscles), ears
ringing, and irritability.

 


Long exposures over
0.5 ata can result in damage to the lungs
and difficulty breathing, to permanent lung damage. To track the
Oxygen exposure one must track both CNS toxicity and OTU or UPTD.
An OTU (Oxygen tolerance unit) or UPDT (unit of pulmonary toxic
dose) is basically breathing 1 PPO2 for 1 minute. But it is not a
sliding scale as 1.3 PPO2 is not equal to 1.3 OTU.

 


Even at long
decompression stops on high PPO2,
vassal constriction followed by pulmonary edema occurs and both breathing and off-gassing is affected. Many
divers elect to decompress on EAN70 to EAN80. Or divers will take
air breaks of about 5 minutes on air every 20 to 25 minutes of O2
decompression. (Some do 2 minute breaks every 12 minutes of O2
decompression.)

 


When diving on
a rebreather on long dives, many divers elect to
keep the PPO2 low at 1 to 1.3. However it can be needed to drop the
PPO2 below 0.7 on long decompression stops, helping the body to
more effectively off-gas.

 


Free radicals are a
natural by-product of metabolism. These free
radicals have unpaired electrons and can be + or – charged and are
highly chemically reactive, damaging cells in the body. The body
can cope with the normal level found from day to day
activity.



Elevation of partial
pressures of Oxygen results in an elevation
of free radicals found in the body. At partial pressures above
0.5 ata, the body generally cannot cope with the amount of
damage done by the free radicals. The repair process slowly starts
to lag and given enough time, permanent damage can result. This is
the reason for the exposure time limits to elevated partial
pressure of Oxygen.

 


Here is a short
exposure table:

PPO2--- Max time in minutes

0.6-------720 minutes

0.7-------570 minutes

0.8-------450 minutes

0.9-------360 minutes

1---------300 minutes

1.1-------240 minutes

1.2-------210 minutes

1.25-----195 minutes

1.3-------180 minutes

1.35-----165 minutes

1.4-----150 minutes

1.45----135 minutes

1.5-----120 minutes

1.55----82 minutes

1.6-----45 minutes

 


Oxygen does not combust
itself. However, in the presence of high amounts of
Oxygen, it promotes rapid combustion to other
materials.

 


Normal Oxygen partial pressure is 0.20 to
0.21 ata at sea level. A partial pressure below this point is known
as hypoxic. Below 0.16 ata signs and symptoms of hypoxia start to
show and below 0.1 ata unconsciousness and death can result.

 


The general range for diving O2PP is 0.16 to
1.6 ata, although it can go as high as 2 ata in hyperbaric
therapy.

 


Although Oxygen has a narcosis level of 1.7
times nitrogen, it is generally taken as 1 when computing END
(equivalent narcotic depth) values. This is more for simplicity of
calculation and due to the Oxygen level being normally less than
the original level as in hypoxic mixes.

 


When filling Oxygen tanks or blending with
pure Oxygen, care need to be taken for the rate of filling and the
temperature the tanks reach when filling. A general rule is about
72 psi (5 bar) per minute or slower. Open all valves slowly to
reduce the risk of adiabatic compression pressure combustion. This
is when a high pressure gas (from the tank or line) enters a low
pressure area with speed and hits a dead end (like the end of a
pressure gauge). Impurities in the line can ignite due to the
extreme temperatures reached, sometimes in excess of 800 °F (426.67
°C).

 


[image: tmp_394628ab4efe7fd2e2b35e01ae99711e_uqQM3N_html_6631f5f5.jpg]

O2 rebreather tanks being filled at a gas
blending station

 Divetech Cayman Islands

 



 


Helium:

 


Atomic Number 2

Symbol on periodic table He

Atomic weight 4.002602

Melting Point - 457.96 °F

Boiling Point - 452.07 °F

Density 0.1786 g/L

Narcosis level 0.235 of nitrogen

 


Helium is colorless,
odorless, tasteless, non-toxic, inert when in gas form.
Astronomers Jules Janssen and Norman Lockyer
observed a yellow spectral line signature in a solar eclipse in
1868. Lockyer proposed that the line is from a new element and
called it helium.

 


Helium is the second most
abundant element in the universe and is normally only found in gas
form, unless in extreme conditions. Helium is found in natural gas
fields, with the United States being the largest supplier of helium
gas. Helium is the second lightest element in the periodic
table.

 


Helium is the lightest noble gas on earth.
Noble gasses are a group of six gasses that are inert and rare,
belonging to group 18 of the periodic table and have similar
chemical properties, being generally stable, non reactive and
rarely found in combination with other elements. Neon, argon,
krypton, xenon and radon are all noble gasses.

 


Helium is widely used in
commercial diving due to its low density and
low narcosis level, and as a protective atmosphere in arc welding
and is used in cryogenics for cooling. It is also used in the
growing of crystals to make silicon wafers.

 


Most of the helium
that was present when earth formed has
escaped into space, due to the lightness of helium gas. The result
is that helium is a rare gas on earth today. The helium found today
is mostly from the natural radioactive decay of heavy radioactive
elements such as thorium and uranium.

 


Helium is normally trapped
with other gasses in low concentrations of up to 7% by volume.
Using fractional distillation, a commercial
low-temperature separation process, pure helium can be
extracted.

 


Breathing pure helium can
lead to asphyxia and death. The helium found in balloons
is required by many countries to have 20% Oxygen in
the mix. A common party trick is to breathe the gas from the helium
filled balloons to create a Donald Duck voice effect.
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