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Enriched Air Nitrox Diver

utilize enriched Air Nitrox (EAN) as a
breathing gas. The objective of this course
IS to train divers in the benefits, hazards
and proper procedures for using Nitrox
mixes from twenty two (22) to forty (40)
percent oxygen content.
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The program is presented
in 5 Chapters:

— Diving Physics Made Easy
— Equivalent Air Depth Concept
— Considerations For O, Use and Handling
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Qualifications of Graduates

supervision.
Graduates would be qualified to enroll in:
1. TDI Advanced Nitrox Course.
2. TDI Decompression Procedures Course.
3. TDI Semi-closed Rebreather Course.
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Course Policies
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Open Water Requirements

» Students analyze their own gases
* Plan and safely execute each dive
* Instructor will provide u/w activities
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Academic Modules

Diving Physics Made Easy
Equivalent Air Depth Concept
Considerations For O2 Use And Handling

Conclusion
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Introduction
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Misconceptions of Nitrox

* Narcosis is eliminated

» Using enriched air nitrox is difficult

* You need to be a cave or technical diver first
Nitrox is not safe for recreational divers

* |t's too expensive
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Reality

* The course costs about the same as a new cylinder
and you don’t need new equipment.

 Nitrox divers perform the same underwater dive
activities as air divers.

« Safety is proven by many thousands of recreational
nitrox divers since 1985 (Must be smart divers!)

EAN1-10




Conclusion

* Nitrox is for everyone, and the training can
be fun.
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Chapter 1 — Dive Theory

* O2is necessary for life. It's transported in our
blood as oxyhemoglobin and is metabolized
to provide fuel for cellular function.

N2 is inert and is not metabolized, but is
diffused into our blood and tissues.

EAN 2 -12




Composition of Air

 QOthers

 Total 1.0000
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Composition of air

— narcotic properties are main disadvantage
* Argon, Ar 9349

— makes up about 1% of air and is considered
with the nitrogen component.

* Trace gases include
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Basic Principles

between the N2 coming into our lungs and the
N2 already absorbed into our blood & tissues.

« During ascent the pressure gradient is
reversed, N2 off-gassing occurs. Excess N2 is
eliminated during exhalation.
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Henry’s Law

* This is a simple explanation of
decompression theory which is based on
Henry's Law.

« The amount of gas that will dissolve in a liquid
is relative to the partial pressure of that gas in
contact with the liquid.
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What is Nitrox?

\A \J \ \J

Nitrox with a higher Oz content than air.

— The “x” in the EANXx is O2 content in decimal form.

— Nitrox is also an N2/O2 mix with less than 21% O2
for diving deeper than about 200fsw / 61msw.
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Two common Mixes.

— 130fsw — 110fsw

We will use from 22% to 40% O2 mixes.

EAN2-18




Benefits of Enriched Air

No-Stop Dive Times

Depth  21% 2%  36%
fsw  Air  BAN32 EAN3€

60 55 100 100
* Less nitrogen absorbed. © # @ © ®
: 80 35 50 60
* Lower risk of 0 25 4 50
. . 100 22 30 [40]
decompression iliness. TR

e Less post dive fatigueand ., . .

narcosis.
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Justification for Enriched Air

No-Stop Dive Times

Depth 21% 32% 36%
fsw Air EAN32 EAN3€

60 55 100 100

& 70 45 60 60
fqr Iopger no-stop %0 35 50 60
dive times. 90 @ 40
* Some are almost 100 22 30 [40]
100% longer. 110 15 25 [30]
120 12 [25]
130 8 [20]
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Two sides of every coin

* Diving is all about limits.
— N2 time limits for NDL's.
— N2 depth limits to avoid narcosis.
— Now O2 Time and Depth Limits.
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Oxygen Depth Limits fsw / msw

As the O2 content in a mixture increases,
maximum O2 Depth and O2 Time decreases.
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Physiological Factors

— Older age, obesity, dehydratation, poor circulation,
iliness, injury, alcohol consumption, fatigue,
strenuous exercise and history of DCS.

* |f this factors don't apply, use EANX to
Increase your safety.
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Chapter 2 — A Brief History

2 u OOCUME o
« US NAVY publishes nitrox dive tables in 1955.

 NOAA publishes nitrox tables in 1965 and the
Equivalent Air Depth Formulas in 1979 NOAA
Manual.

* The first Nitrox training agency for recreational
divers was started in 1985.
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Many Industry Changes

« Terminology:
— Tech'’ talk in books, magazines and everyday
language.
 Equipment:
— Programmable EANXx computers and rebreathers.
« Compressed Air Quality:

— Oil-free compressors & higher quality filtration

systems.
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Chapter 3 — Diving Physics

e Convert depth units.
« Explain Dalton’s Diamond.

* Be able to calculate partial pressures of a
gas in a mix.

 Explain fractions and percentages of gases.
~* Understand Oz Time & Depth Limits.
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Pressure units

pressure.

— Atmospheres Absolute (ATA) is the combination of
pressures exerted by the surrounding atmosphere
and water (also P).

— At 33 fsw P =2 ATA

1 ATA (air) + 1 ATA (water) = 2 ATA

— ATA is the unit of pressure used for most gas law
calculations.

(1Pt

<@, — AN "a” added to the end of a unit pressure denotes
“==¢  absolute pressure (P). EAN 4 - 27




Equivalent to 1 atm

34 feet fresh water (ffw)

— (34ffw) / (.432 psi / fiw) = 14.7psi

* 10.07 meters salt water (msw)

* 10.33 meters fresh water (mfw)

e 1.013 bar
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To Convert Depth (fsw) to P
(ATA)

For a depth of 100 fsw

100 fsw + 33 fsw
=4.03 ATA
33 fsw/atm 03

Depth divide by 33 then plus 1
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To Convert Depth (msw) to P
(ATA)

For a depth of 30 msw

30 msw + 10 msw = 4 ATA
10 msw / atm

Depth divide by 10 then plus 1
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Converting Pata to Dfsw

For a pressure of 7 ATA
(7 ATA x 33 fsw) - 33 fsw = 198fsw / 60.4msw

ATA times 33 then minus 33 = Dfsw
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Dalton’s Law

P=P1+P2+P3+..4P,

« Dalton’s formula for air or any EANX mix.

P=PO2+ PN:

The Total is equal to the sum of the parts
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Partial Pressure of Gases in a
Mix

P,+P=F,

* The partial pressure of a gas, is the product
of the fraction of that gas times the total

pressure.

P,=F,XP

total
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Calculating Partial Pressures

Pg = partial pressure
P = absolute pressure
Fg = fraction of the gas
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Partial Pressure

pressure.
Air at 1 atm
Percentage Partial Pressure
79% N, = 0.79 atm
21% O, = 0.21 atm
100% = 1.00 atm
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Partial Pressure

Increases and decreases in your lungs
proportionally with the ambient
pressure.

» Partial pressure over time is the gas
dosage delivered during a scuba dive.
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Three Equations — Three
Answers

How Deep?

To determine maximum Oz Depth Limit

Called MOD (Maximum Operating Depth)
e FO2=PO2+P

Best mix is?

To extend bottom time by dividing the N2%
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MOD — Maximum Operating
Depth

EAN32 EAN 36

PO, 1.39 1.34
Maximum 110 fsw 90 fsw
recommended and PO, 1.58 1.56
COntlngency limits Contingency 130 fsw 110 fsw
40 msw 33 msw
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Calculating:
Maximum Operation Depth

(fsw)

(PO: limit, ATA)
(F O: mix, ATA)

MOD, tsw :( —1atmj><33 fsw

To calculate the MOD for 32% oxygen, which
has an FO, of 0.32, at a limit of 1.4 atm:

(1.4 ATA)
(0.32ATA

MOD,fsw:( )—latmjx33fsvv:111fsw
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Calculating:
Maximum Operation Depth

(msw)

(PO: limit, ATA)
(F O: mix, ATA)

MOD, msw :( —latmjxlO msw

To calculate the MOD for 32% oxygen, which
has an FO, of 0.32, at a limit of 1.4 atm:

(1.4 ATA)
(0.32ATA

MOD, msw = (

)—latmjxmmsw =33 msw
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Dalton’s Diamond

Total
pressure
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Maximum depth for EAN,, ?

Dfsw = (5§ ata - 1atm) x 33 fsw
or
Dmsw = (5 ata - 1atm) x 10 msw

D fsw =132

D msw =40

132 fsw Is maximum operating depth

40 msw is maximum operating depth
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Maximum depth for EAN;; ?

Dfsw = (4.44 ata - 1atm) x 33 fsw
or
Dmsw = (4.44 ata - 1atm) x 10 msw

D fsw =113
D msw =344

113 fsw is maximum operating depth

34 msw is maximum operating depth
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Maximum depth for EAN,, ?

Dmsw = (4 ata - 1atm) x 10 msw
040 | P D fsw = 99

D msw =30

99 fsw is maximum operating depth

30 msw is maximum operating depth
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The Nitrox Mixes

| | | |
Air EAN 32 EAN 36 EAN 40

|| Oxygen Nitrogen
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NOAA O: Limits

* Use a 1.5 ATA PO, or less for particular hard
or cold dives to increase safety regarding O,

toxicity.

» Exceeding O, limits can produce seizure under
water, possibly resulting in death. (chapter 5)
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O. Tolerance

Single Dive Oxygen
Exposure Limits

— Inefficient breathing PO2 atm Minutes
— Poor regulator performance e

* The onset and magnitude of o
O2 Toxicity is dose dependent 140 180
or relative to Oz pressure 130 180
and exposure time 120 210
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Concerns of the mix

Maximum Maximum
PO2atm Single Limit 24-Hour Limit

is reached. e o o
* 12 hour surface interval | 2 % o0
on air is required Ay o
whenever a 24 hour 130 180 210
limit is reached. % 0% 40
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3. What's the best mix to use that will give me
the most bottom time for a particularly hard
spearfishing dive to 95fsw / 28.9msw?
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Chapter 4 — EAD Concept

the same depth and duration.

e The EAD formula converts our maximum
planned depth to de N2 Equivalent Air Depth.

 We will use an EAD to compute our Nz time
limits from the Navy Air Tables.

EAN 5 - 50




EAD Formula (fsw)

EADfng((Dfsw+3(3)]7%9w)(1—F02)j_33ﬁw
SIH33 )1
57.9 fow fsw= 81+ O?gg)j 33

This is'a dive to 81 fsw using 37% oxygen EAN.
The EAD computes to 57.9 rounds to 58.
*A 60 fsw air schedule would be used.

. AN
J W

£A =N

Y

“!‘I mcnmwn'mc -,’. EAN 5 = 51
TERNATIONAL:




EAD Formula (msw)

D msw+10 msw)(l — FOz)
0.79

17.9 msw SW= ((\25 10)(1 )j —10

f / 0.79 /‘

/)

*This is'a dive to 25 msw using 37% oxygen EAN.
The EAD computes to 17.9 rounds to 18.
*A 20 msw air schedule would be used.

EADmsw:(( j—lOmsw

. AN
J W

£A =N

Y

“!‘I mcnmwn'mc -,’. EAN 5 = 52
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Additional methods for EAN

— "Table makers”

— Desktop Software
» Abyss, Voyager, Decom, etc.
— Enriched Air Dive Computers.
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NOAA Nitrox Tables

* Your Nitrox mix should have an FO2 of .36
(+/- 1%) to use NNII Dive Tables.

 Use either the NOAA Nitrox Tables, the EAD
formula with the Navy Air Tables or a
programmable Nitrox dive computer.
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Dive Computers

nrichea AIr

. Multi-level diving .\ &
» Repetitive diving
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Using an air computer

Observe O, limit e ool
« Watch MOD

« Make a safety stor/

Write MOD on computer
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Cases due 10 rounaing.

* Diving to the No-decompression limits with
EANX poses the same risks as diving to the
limit with air,whether you use an EAD,
converted tables or a Nitrox computer.

* Dive conservatively to reduce these risks.
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Three Options when using EAD with EANXx

Formula with an air table.

3. Shorten surface interval time by using the
EAD Formula with an air table.

 Note: For each option you must always
know your oxygen and nitrogen time and
depth limits.

EAN 5 - 58




Equivalent Air Depth Table

~

TECHNICAL DIVING INTERNATIONAL

EQUIVALENT AIR DEPTH TABLE

Fraction of Oxﬂon (FO;) and Actual Depths (fsw)
EAD (fsw) | 025 026 027 028 029 030 031 | 032 | 033 034 035 | 036 | 037 038 0239
T 30 33 34 35 36 37 38 39 a0 a 42 43 44 46 47 a8
40 43 44 46 47 48 49 50 51 53 54 655 57 58 60 61
o) 50 54 56 56 58 59 60 62 63 64 66 87 69 7 y - .
60 64 66 67 69 70 ra 73 75 76 78 80 81 83 85 87
A 70 75 % 78 80 8 83 86 | 88 90 92 | 94 96 98
| 80 86 87 89 90 92 94 96 98 100
R 90 96 98 00 1017 103 105 107 | 109
100 107 108 110 112 114 117
T 110 17 119 1 123 126
A ;;g ;2 :i‘: ::; : ;: Find your actual depth or the next greater depth
under the FO2 for the mix you are diving. Follow
B this row across to the left to get your Equivalent Air
L Depth to use with an air no-decompression table.
EAD = [(FN2/.79) x (D+33)] -33
DIVING BEYOND 130 FSW, OR DEEPER THAN WHAT IS RECOMMENDED The last depth at the bottom of each column
A s o ST S AN S Onee o | g maximum depth imit for s P02 of 16
ALSO OCCUR ON NITROX DIVES. SEIZURE AND DROWNING ARE LIKELY ATA. For cold or strenuous dives, don't exceed
IF YOU EXCEED THE DEPTH LIMIT FOR YOUR FO2 OR THE TIME LIMIT FOR a PO2 of 1.4 ATA. Refer to the POz Table for
A PO2,BUT TABLE LIMITS ARE NO GUARANTEE AGAINST SUCH ACCIDENTS. oxygen time limits,

THE PROPER USE OF THIS TABLE IS THE SOLE RESPONSIBILITY OF ITS USER. Copyright 1995, Underwater Dynamics, Inc. Revised 1996.
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Equivalent Air Depth Table

2. Follow that column down until you find your
exact actual depth or the next grater.

3. From this depht, follow that row across to
the left to get your EAD. Use this EAD depth
to compute your nitrogen time limits from an
air table.
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Partial Pressure of Oxygen

TECHNICAL DIVING INTERNATIONAL PO, TABLE
9 Coastal Plaza
Bath, Maine 04530

PARTIAL PRESSURE OF OXYGEN AND SINGLE DIVE EXPOSURE TIME LIMf-l'S IN MINUTES

'll?:u :& Fraction of Oxygen (FO;) and Actual Depths (fsw)
Limit 025 026 027 028 029 030 031 032 033 034 035 036 037 038 0.39
300 1.0 99 93 89 B4 B0 77 73 70 67 64 61 58 56 51
240 11 n2 108 M 96 92 88 84 80 77 73 70 67 65 62 60
210 1.2 125 18 n3 108 103 99 94 90 87 83 80 T 74 71 68
180 13 | 138 132 125 120 M4 110 105 101 97 93 89 86 82 79 n
150 1.4 151 144 138 132 126 121 16 m 107 102 99 95 91 88 85
120 15 | 165 157 150 143 137 132 126 121 M7 M2 108 104 100 97 93
45 1.6 178 170 162 155 149 143 137 132 127 122 17 13 109 105 102

The calculated actual depths were rounded shallower to the nearest foot.
Find the actual or next greater depth of your planned dive in the column below the FO2 for the mix you will use. From this depth,
follow the row across to the left to get your POz and the NOAA oxygen time limit in minutes for a single exposure. For strenuous
or cold dives use a POz of 1.4 ATA or less. Refer to the NOAA Oxygen Exposure Table for oxygen time limits for a 24 hour period.
Use of this table is prohibited without nitrox certification and authorized instruction in its proper use. No liability is assumed by
the author, or Underwater Dynamics Inc. for any harm, injury or death that may result from the use of the EAD or POz Table.

Copyright 1895, Underwater Dynamics, Inc. Revised 1996,
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Partial Pressure of Oxygen
Table

— —~ , — ,
) ' -

* For both tables, when the exact depth
or time is not listed, round up rules

apply.
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* What is the oxygen dose for a 100fsw /
30.5msw dive using EAN367
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Graphic Dive Profile

P2 Table avoids both confusion and
omissions.

* Write your EAD above or near your actual
depth.

* Write your O2 Depth Limit under or near your
actual depth.

* Review the nitrox dive profile abbreviations.
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Graphic Dive Profile

AD AD
OTL ABT OTL ABT
MOD MOD * RNT

= TBT
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Chapter 5 — Considerations for
O: Use and Handling

IS probable if you extend your bottom
time while diving air because you assume
you're diving nitrox.

* Central Nervous System (CNS) O2 Toxicity is
probable if you dive too deep while using
nitrox because you assume you're diving air.

EAN 6 - 66




Standard EANXx cylinder ID

letters.

* Non-yellow cylinders have
an additional 1 inch yellow
band above and below the

green.

EAN G - 67




Obtaining Nitrox Fills

— 32% and 36% most
popular

« Filling a cylinder /

— Qualified technician only
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Contents tag or sticker

Enriched Air Contents Data

Fill Date |
- Oxygen %
Barpsi  NEZNENEN

— MOD Max. Depth TR
— PSI (pressure) Fillby

— Date Analyzed by“
. L u TR
— Divers initials s

— Analyzed by e Catres S S T
— Cylinder Serial Number

Use only with appropriate procedures for the
mix indicated. Breathing this gas at depths

reater than the Maximum,, ¢ = = g==s
perating Depth could NI

cause a serious accident g mywrmm
or death. ; :
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ALWAYS ANALYZE !!!

It's analysis by a nitrox technicician.

* The only sure way to know what mix
you will be diving is to analyze each
cylinder!

EANG - 70




Facility Fill Log

ill pressure
« Oxygen percentage

« Maximum depth limit
Cylinder serial number
« Signature
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Oxygen Analyzers

* 0.1% accuracy
IS desirable

 Electrochemical
oxygen sensor

— Has limited life span
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The Need for Calibration

» Calibrate new analyzer to 100%
O:2and when replacing batteries.

« Calibrate to atmospheric air at
20.9% (21%).

* Open valve for at least 30
seconds and the reading has
stabilized.
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Analyzing the Gas

* Acceptable range
— desired mix +/- 1%
— 36% tables ok for 35-37%
— 32% tables ok for 31-33%
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The EAN Cylinder

* If not right h
— check again I
— have gas re-mixed

* Write information
— contents label or tag
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Human Compatibility

n medicine O2 IS administered In dosage.

* In EANXx diving Oz dose is measured in PO:
and exposure time.

* O:tolerance is different from person to
person and day to day.

» Use limits as guidelines for safety and dive
well within established limits.
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Oxygen Toxicity

— Seizure which can cause drowning and death if the
scuba regulator is lost and not recovered when
breathing resumes.

— It can also lead to arterial gas embolism if an ascent
is made while breathing is stopped. Dead may
result.
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Convulsions

* Visual disturbances
* Euphoria & Ears

1.6 ATA ringing

* |f symptoms appear  Nausea
ascend at a normal
ascent rate.

» Swicth to breathing Air | lrritability
as soon as possible.

* Tingles, Twitching

e Dizziness
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CNS Oxygen Toxicity
Signs and Symptoms

* Nausea

* Tingling, twitching (facial or muscle spasms)
* |rritability, restlessness, euphoria, anxiety

* Dizziness, dyspnea
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Pulmonary Oxygen Toxicity

« VC is measured by the amount of air that can
be expelled following a full breath.

* Pulmonary O: toxicity is not a problem within
recreational scuba diving limits.
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Toxicity Prevention

* If signs of toxicity appear
— Ascend to a shallower depth
— Diver should be taken to surface
— Do not delay ascent
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Hardware Compatibility

* Only a certified Nitrox technicician shoulc
convert a cylinder for EANX use.

 It's necessary that all EANx scuba cylinders
be O: cleaned, converted, labeled with a
Nitrox ID band & contents tag, and have a
current EANX visual inspection sticker.
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Cleanliness

* Equipment that will only come in contac
with less than 40% oxygen does not
need special preparation, though it is
prudent.

EAN G - 83




Equipment Cleaning List

 Must be cleaned for
enriched air service
— Cylinder valves
— Scuba cylinders

« Recommended to be
cleaned

* Not necessary

— Buoyancy
compensators

— Low pressure inflator
— Dry suit inflator

— Regulator first stage

— Regulator second
stage

— High pressure hoses

— Submersible
pressure gauges
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Conversion to EAN service

« Soft goods replaced
— O-rings.
* Oxygen compatible lubricants

— Krytox, Christolube,
Halocarbon, noft silicone.
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Filling Nitrox

handling 100% O:-.

« Every Nitrox diver should
personally analyze each EANX
cylinder they will use or
supervise the analysis by a
certified nitrox technician, even
iIf it has already been
analyzed.
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Preparing Enriched Air Nitrox

— requires ultra clean air

« Continuous flow mixing
— requires “oil free” compressor

* Pressure swing absorption
 Membrane separation
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Conclusion

Always Analyze!
Before you breathe,
Check for correct
Depth Limit,
EAD and
FO!!
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