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WARNING!

Usersof do-it-yourself programsfor performing decompression computations, including ABY SS,
should under stand that the programsdo not immediately solve all decompression problems.

A considerable store of experience comeswith ABY SS, but the relevance of available experience may
vary consider ably between different types of dives.

ABY SSitself cannot provide judgment asto choice of its many variables, but examples and advice are
available to usersfrom Abysmal Diving Inc. as part of the ABY SS package.

The program requires a knowledge of diving physiology and oper ations, and some training and study of
the ABY SS system by the potential User in order to operateit effectively.

Thefact that a table was generated by ABYSS does not specify how it was computed, nor doesit
qguar antee freedom from the possibility of decompression sickness.

That possibility exists with all diving, and divers should be well awar e of it.

Abyss, Advanced Dive Planning Software
The Software product described in this manud is provided under a User Agreement and may only be used in
accordance with the terms of that User Agreement.

Copyright Notice
Copyright ©1994-2000 Abysma Diving Inc.

Trademarks
Abyss, Advanced Dive Planning Software runs in the MS-Windows operating system, created by Microsoft
Corporation. Windows is aregistered trademark of the Microsoft® Corporation

Printed in the United States of America
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Abyss Software License Agreement & Limited Warranty

Thisisalegal agreement between you (either an individual or an entity) and Abysmal Diving Inc.. By opening the sealed
softwar e package and/or by using Abyss, you agreeto be bound by the terms of thisagreement. If you do not agreeto theterms
of thisagreement, promptly return the disk package and the accompanying items (including printed materialsand bindersor
other containers) to the place you obtained them for afull refund.

1. GRANT OF LICENSE. ThisAbysmal Diving Inc. License Agreement ("License") permits you to use one copy of the
specified version of the Abysmal Diving Inc. software product identified above, which may include user documentation
provided in "on-line" or electronic form ("SOFTWARE"), on ho more than three computers, provided the SOFTWARE isin use
on only one computer at any time. The SOFTWARE is"in use" on acomputer when it isloaded into the temporary memory (i.e.
RAM) . If the SOFTWARE is permanently installed on the hard disk or other storage device of a computer (other than a network
server) and one person uses that computer more than 80% of thetimeit isin use, then that person may also use the
SOFTWARE on a portabl e/laptop/notebook or home personal computer.

2. COPYRIGHT. The SOFTWARE (including any images, "applets’, photographs, animation’s, video, audio, and text
incorporated into the SOFTWARE) is owned by Abysmal Diving Inc. or its suppliersand is protected by United States
copyright laws and international treaty provisions. Therefore, you must treat the SOFTWARE like any other copyrighted
material (e.g. abook or musical recording) except that you may either: (a) make one copy of the SOFTWARE solely for backup or
archival purposes, or (b) transfer the SOFTWARE to asingle hard disk provided you keep the original solely for backup or
archival purposes. Y ou may not copy the printed materials accompanying the SOFTWARE, nor print copies of any user
documentation provided in "on-line" or electronic form.

3. OTHER RESTRICTIONS. Thislicenseisyour proof of license to exercise the rights granted herein and must be retained by
you. You may not rent or lease or loan the SOFTWARE, nor may you transfer your rights under this license on atemporary or
permanent basis. Y ou may not reverse engineer, decompile, or disassemble the SOFTWARE, except to the extent the foregoing
restriction is expressly prohibited by law.

4. DUAL MEDIA SOFTWARE. Y ou may receive the SOFTWARE in more than one media. Regardless of the type or size of the
mediayou receive, you may use only the media appropriate for your single designated computer or network server. Y ou may not
use the media on any other computer or computer network, or loan, rent, lease, or transfer them to another user.

LIMITED WARRANTY. Abysmal Diving Inc. warrants that (a) the SOFTWARE will perform substantially in accordance with
the accompanying printed materials for a period of (90) days from the date of receipt, and (b) any hardware accompanying the
SOFTWARE will be free from defectsin materials and workmanship under normal use and service for a period of one (1) year,
respectively. Any implied warranties on the SOFTWARE and hardware are limited to (90) days and one (1) year respectively.

CUSTOMER REMEDIES. Abysmal Diving Inc’ s entire liability and your exclusive remedy shall be, at Abysmal Diving Inc.’s
option, either: (a) return of the price paidfor an unactivated (no authorization code issued) version or (b) repair or replacement
of the SOFTWARE or hardware that does not meet Abysmal Diving Inc.’slimited Warranty and that is returned to Abysmal
Diving Inc. with acopy of the receipt. Thislimited warranty isvoid if failure of the SOFTWARE or hardware resulted from
abuse, accident, or misapplication. Any replacement SOFTWARE will be warranted for the remained of the original warranty
period or thirty (30) days, whichever islonger. Outside the United States, neither these remediesnor any product support
services offered by Abysmal Diving Inc. areavailablewithout proof of purchase from an authorized non-U.S. source.

NO OTHER WARRANTIES. To the maximum extent permitted by applicablelaw, Abysmal Diving Inc. disclaims all other
warranties, either expressor implied, including but not limited to implied war ranties of mer chantability and fitnessfor a
particular purpose, with respect to the SOFTWARE, the accompanying written materials, and any accompanying har dware.
Thislimited warranty gives you specific legal rights.

NO LIABILITY FOR CONSEQUENTIAL DAMAGES. To the maximum extent per mitted by law, in no event shall Abysmal
Diving Inc. or itssuppliersbeliablefor any damages whatsoever (including, without limitation, damagesfor loss of business
profits, businessinterruption, loss of businessinformation, or other proprietary loss) arising out of the use or inability to use
this Abysmal Diving Inc. product, even if Abysmal Diving Inc. has been advised of the possibility of such damages
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Introduction to Abysmal Diving Inc.

Abysmal Diving Inc. isacomputer software manufacturer with headquartersin Boulder, Colorado (strange place for a
diving company you say, well read on..). Abysmal Diving was formed in October of 1993 to develop and market high
performance computer software for the mainstream and technical diving marketplace. The founder of Abysmal Diving,
Christopher Parrett, has been an active diver since 1979, and is currently aNAUI instructor, NSS-CDS/NACD Cave Diver, aTDI
trained technical diver and member of numerousindustry & medical groups.

Asacertified Emergency Medical Technician (with both civilian and military training and experience), he has a knowledge of the
medical and hyperbaric aspects of technical diving and dive planning. Mr. Parrett has over eight years experiencein the
computer hardware and software industry, and has substantial experience in international sales of computer hardware, software
and components. Chris currently holds a bachelor’ s degree in prelaw from the University of Colorado at Boulder.

The creation of the Abyss, Advanced Dive Planning Software package has been long in the making and came about
due to the Chris’ personnel frustration in planning high altitude mine divesin the mountains of Colorado. (It seems that what
Colorado lacksin warm water reef diving, it makes up for with an abundance of crystal clear flooded Gold Mines from Colorado’s
Gold Rush erathat are just waiting to be explored) It was during the late summer of 1993 that Mr. Parrett saw the need for afull
dive planning and interactive datalogging Windows-based package that would meet the requirements of both novice and
serious technical divers, and became aware that there was no software currently available that would allow the complete
modeling & planning of an advanced technical dive. Chrisfelt that thiskind of dive planning needed to account for Water
Temp, Altitude, Workload, Ascent and Descent rates, the use of multiple gases and multiple depths among other things. With
thisin mind, he launched a series of discussions on thistopic on the international SCUBA Forum of CompuServe. Due in great
part to the tremendous amount of feedback from divers all over the world, the Abyss project was undertaken in September of
1993.

With the assistance of over 40 international betatesters consisting of solely of highly active divers and dive industry
leadersin Australia, Canada, France, Germany, Mexico, Sweden, the UK and the USA, the Abyss software code was devel oped
and tested. A Beta-test group was assembled to represent the entire spectrum of dive skills, from recreational SCUBA to
advanced technical diving and scientific research. Individuals such as Dr. Bill Hamilton, Dr. Max Hahn and John Creawere
sought out for input on hyperbaric physiology. Capt. Billy Deans, Michael Menduno, John Comly, Joel Silverstein and Robert
Palmer were used for their specific technical diving expertise. Richard Pyle and Gregg Stanton contributed their scientific
perspective, while Jeff Bozanic and Ira Barocas added to the recreational diver’s perspective.

During the Aqua-Corps TEC94 show in January of 1994, Abyss was demonstrated publicly to an audience of
approximately 1,000 technical diversfor thefirst time. At thistime, it was still undetermined if the product could sustain full time
commercial development, or be relegated to a specialty “enthusiast niche” as the other then existing dive planners had been. But
the response from those who participated in the demonstrations at the TEC94 show was overwhelmingly positive andit was
decided that ABY SS could become a commercial grade software package, with afull time development and sales team.

Continued development occurred during the spring of 1994 with several more Beta versions being released and eval uated.
Abysmal Diving was incorporated on June 1, 1994.

With the current release of Abyss, Advanced Dive Planning Software V2.20 in May 2000 (the 11th release so far), over
7 years of continuing testing, evaluation and modification are being brought to you.

Copyright 1995, 1996, 1997, 1998, 1999, 2000 Abysmal Diving Inc. All rights reserved.
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Overview of Abyss

Welcometo Abyss, Advanced Dive Planning Software. Abyssis the next generation in Technical Dive Planning
Software and the most advanced dive planning tool ever created. Thislatest version of Abyssintroduces awide range of new
and exciting features that were previously unavailable to desktop decompression planning. Through Abyss you will be able to
make detailed plans and then perform asimulated dive based on that information. During the simulation Abysswill track and
inform you of awide variety of information to help you plan and execute your dive. Abyssis not intended or designed for the
novice SCUBA diver, but rather for the experienced diver who wants to have a better understanding of their hyperbaric diving
environment.

Abyssis composed of four basic components; Defaults, Tools, Logbooks and the Dive Planner. Each of these components
provides you with a specific group of functionsto help you plan your dive.

The Dive Planner:

Thisisthe heart of Abyssand the place where your dive profileis created. The Dive Planner unites the information
stored in Defaults with your dive plan. The Dive Planner iswhere you create amodel (areal-time dive simulation) that integrates
al of theinformation you have given to Abyss.

Defaults:

Thisiswhere you personalize Abyssto reflect al of your unique attributes. Abyss then takes this unique information
into account for the many varied computationsit runs by altering many of itsinternal equations. By carefully setting all of the
Defaults, you are customizing Abyss to reflect you, as aunique diver with anindividual styleall your own. Thus no two
versions of Abyss are quite the same, nor should any two Abyss tables be necessarily identical.

Tools:

Abyss provides you with afast and friendly way of determining dive related information. The Tools section is a set of
utilitiestailor made just for divers. The Tools section is completely separate from the other components, and may be used at any
time.

L ogbooks:
Here Abyss provides you with an electronic version of your tried and true friend, the divelog. The Divelog is

composed of over 20 separate log sheets, each of which isfully integrated with the others, and with the dive profiler. This allows
you afast and simple means to keep track of everything related to your dive.

Copyright 1995, 1996, 1997, 1998, 1999, Abysmal Diving Inc. All rights reserved.
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Installation and Registration--Dive Planner

Abyes Flegistration

Thig version of Abysa will expire atter 15 days of use if not reqisterad.

—Registration Instructions Wersion
{To activate DEMO, press Cancal.}  Damo
1. Enter your mame.
2. Enter your addrass.  Loghooks  Becreational
1. Select your varsion of Abyss. . :
4_Entar your Authorization code. " Hitrox ™ Tech Hitrox

5. Press the Reqister button,
6. Screan will close. axitand restort Abyas.

Phn: (303) B30-7248

™ Mined Gas & Aty Mioed

Fax: (303) 530-2808 Rampstrafion Mumber: BOPZH

Compaserve: 72233457 ; ]7

Internat Chiist@obysmal com Autbor i saion Mumber:

fip:f fip.abysmal . com/pab abys mal

it f fwwew atysmal.com Hegister I Canceal |
Flama: |Chrlsiunhat M. Parrett Huslp

Ardrens: |5555 Ddell Flace. Suite G. Boulder. Golorndn. 80301 USA

Austnlin | Conoda | Dewtschinnd | Fronce | folin. |

Portugal | 5. Africa ] 3.A.|11mic-u| Sl:arldirluviu.l e ]

Minimum System Requirements
Abyssrequiresan IBM PC or 100% PC compatible,
4AMB RAM, (8MB Recommended)
14MB Hard Drive Space
386SX CPU (Pentium Recommended)
A Mouse or other pointing device
Microsoft Windows 3.1(for 16bit V1.75 of Abyss), Windows 95/98 or Windows NT (for 32bit V2.00).
640x480x256 VGA Graphics (1280x1024x32K Optimum)

Setup Overview

The Abyss Setup program has been designed to minimize your effort and tofully automate the installation process as
much as possible.
The Abyss Setup program will Not

1. Change or ater any of your driver settings

2. Add any fontsto your system

3. Change or alter your Autoexec.bat or Config.sysfiles

4. Write any information back to the Abyss setup diskettes

5. Alter any of your INI file settings in Windows.

The Abyss Setup program Will
1. Request you to confirm or specify anew target installation directory.
2. Allow you to cancel theinstallation at any time
3. Create anew program group and program icons
4. Create several Hidden/Write protected registration files in your abyss directory.

Running The Abyss Setup

Beforeyou install your copy of Abysson your PC we strongly recommend that you first exit any other programs you may be
running under Windows. Failureto close all other programs“May” result in an partial or failed installation..

Copyright 1995-2000, Abysmal Diving Inc.
All rights reserved. No portion of this manual may be copied without permission. This section
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Windows 3.x Setup
1. Start Windows 3.x and shut down any other programs that may be running.

2. Insert the Abyss CD-ROM into your CD-ROM drive.

3. From the Program Manager in Windows select FILE

4. Select RUN, then BROW SE from the options|list.

5. Select whichdrive you are installing Abyssfrom in the DRIVES box, D or E

6. Double click on the file name Setup.exe, and then click OK to begin theinstallation.

7. Follow the remaining onscreen installation instructions
Abysswill now create the Abyss sub-directory and copy all required filesinto it for you.
At the same time Abysswill create 3 additional sub-directoriesin the Abyssdirectory.

Samples, where several sample dive profiles are stored.

Dives, where all of your dive profiles will be stored.
Templates, where all of your dive templateswill be stored.

Windows 95/98/NT Setup
1. Start Windows 95 and shut down any other programs that may be running

2. Insert the AbyssCD into your CD-ROM drive.
3. From the START menu select RUN,
4. 1nthe Run Dialog Box type, Setup.EXE

5. Follow the remaining onscreen installation instructions
Abysswill now create the Abyss sub-directory and copy all required filesinto it for you.
At the same time Abysswill create 3 additional sub-directoriesin the Abyssdirectory.
Samples, where several sample dive profiles are stored.
Dives, where dl of your dive profileswill be stored.
Templates, where all of your dive templateswill be stored.

Copyright 1995-2000, Abysmal Diving Inc. 1
All rights reserved. No portion of this manual may be copied without permission. This section
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Registering Abyss

1. During the installation process Abysswill generate a unique Registration number on the HELP-REGISTRATION screen.
2. Write your Registration Number in the space provided on your User Agreement.
3. Carefully read, initial, and complete the Abyss User Agreement.

(The Abyss User Agreement is an important legally binding contract. It is most important that you take your time and fully
read, understand and agreeto all of the terms and conditions of this contract. Only After signing the Abyss User Agreement in
ink and mailing the original back to Abysmal Diving will you be issued the Authorization Code to fully activate your copy.)

4. MAIL the complete Abyss User Agreement back to Abysmal Diving in the envelope we provide you. DO NOT FAX I T!

DO NOT FAX your Signed User Agreement, it will NOT be accepted.

5. Once Abysmal Diving has received your original signed User Agreement we will notify you of your Authorization Number.
6. When you receive your Authorization Nunber select HELP and then REGISTRATION from the main menu in Abyss.

7. Select the version of Abyssyou are using

8. Enter your complete name and address

9. Enter your Authorization Number

10. Press the Register Button causing the Registration screen to close.

11. That will complete the registration of your copy of Abyss, and insure you unlimited use.

Failuretoregister your copy of Abysswill causeit to stop working after the 30 day registration period
has elapsed, during which it will be limited to 100ft or 30m.

Installation Support
If you have ANY problems at al don’'t hesitate to contact us!

Phone in the USA, (303)-530-7248,
Fax in the USA (303)-530-2808,

e-mal: chris@abysmal.com

Copyright 1995-2000, Abysmal Diving Inc.
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Getting Started

Once you have successfully installed Abyss, chances are that you are going to want to create aquick dive profile just to get a
feel for what Abyssisall about. So, without going to the tutorial in the back of the manual, lets walk through asimple dive
profile.

1st, from the menu bar select FILE, and then NEW.
This brings up the New Dive Profile window, and allows you to describe where you are and what you will be doing as soon as
you hit the water.

2nd, as soon as you click the Okay button, the Dive Profile window opens, showing you a green dot in the upper left hand
corner. That dot represents you on the surface before your dive. Now click the mouse pointer anywhere on the black portion of
the screen, and you will open the New Waypoint screen. Fill in some random information, say 100ft or 30 meters and stay there
for 25 minutes, now click the Okay button.

3rd, with the mouse pointer click along the very top of the Dive Profile window where the black portion of the screen ends, or on
the Red Arrow Icon. Thiswill bring up another New Waypoint screen, but the depth should read “0”. Click the Okay button and
Abysswill take you to the surface.

What you now seeisavery simpledive profile.
Y ou have one waypoint on the surface to begin with, one waypoint on the bottom and athird and final waypoint back on the
surface.

In essencethisisall thereisto Abyss. Itisassimple, fast and friendly to use as you have just seen. Abyss can also be very
complex and extremely detailed, but how it operatesis completely up to you.

Now | invite you to sit down, relax and read through the rest of the manual. To fully appreciate all of the abilities of Abysswill
probably take you some time, so don’t rush yourself through it. And should you ever feel helplessly confused or just have a
simple question, pick up the phone and give us a call. We like hearing from other “ Abysmal” divers.

And remember, most importantly of al

Diving is supposed to be FUN!!.

For most of usit is our recreation of choice.
Being in the water iswhat thisis al about.

Abyssis here to make your diving alittle safer and a little more pleasant.

So enjoy yourself and may all your dives be memorable

Copyright 1995, 1996, 1997, 1998, 1999, Abysmal Diving Inc. All rights reserved.. All 1
rights reserved.
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Dive Planning Window—The Abyss Desktop

When Abyss begins you will be working in the Abyss desktop. Thisisthe main areafrom which you run all of the
Abyss features. As soon as you have opened a Dive Profile you will then be in the Dive Planning Window, which isthe
graphical environment in which you create each of your waypoints and run the dive simulation.

1. Depth Scale:

Along the left hand side of the Dive Planning Window is the depth scale. The incremental value can be changed in two
ways. In File-Scaling you can set it to afixed value of your choice, or after turning Automatic scaling OFF, you can place your
mouse pointer on top of the word DEPTH, and click your left and right mouse buttons to alter the scale on the fly.

2. Time Scale:

Along the top of the Dive Planning Window is the Time scale. The incremental value can be changed in two ways. In
Fle-Scaling you can set itto afixed value of your choice, or after turning Automatic scaling OFF, you can place your mouse
pointer on top of theword TIME, and click your left and right mouse buttons to alter the scale on the fly.

3._.Mouse Position:

In the bottom right hand corner of the Dive Planning Window are two values. The first is your mouse pointer’s current
depth, and the second isit’stime. This allows you to position the mouse in a specific time/depth combination before you click
to open aNew Waypoint. The values that are displayed in these fields, will be transferred to your Time and Depth fieldsin the
New Waypoint screen

4. Tool Bar:
On thetool bar you will find three non standard icons in addition to the standard Windows control icons.

A. @ The Red Arrow: Tells Abyssto insert the next waypoint at the surface (depth = 0, time = 0.25)

TheDot: Tell abyssto insert ageneric New Waypoint immediately after your current waypoint.

C. E The Exclamation Mark: Tell Abyssto perform a Recalculation of the entire dive profile.
D. @ The Deep Stop. Tells Abyssto add a series of Deep Stops to the normal Deco Schedule.

E . Warning Triangle.

Thisfeature alowsto "Turn-Off" al of the warnings generated from exceeding your PPO2 / END, Required
Decompression Stops, and Hypoxia alarms. This can be very helpful for running faster simulations during the modification of a
completed profile, but great caution must be used as Abyss will not alert you to any possible dangers. We recommend that this
option be left enabled at all times.

3

. =21 Stick Figure .

Thisfeature allowsto "Turn-Off" al of the default waypoints generated from Descent/Ascent rate changes, Deco gas
changes, and Workload changes. Thiswill also disable the effect of the Personal & Thermal defaults, aswell as the workload
Thermal Boosters and Workload half-time modifiers. This can be very helpful for running faster simulations, or for usein
training.

G L.:I Tissue Display. Enablesor Disables the Real-time tissue display option.

H. 248} Zoom Factor.  Setsthe magnification of the tissue barsin the tissue window.

C
l. j Calculation Interval.  Setsthe mathematical precision of Abyss, allowsfor matching to the deco interval.
BAR

P5l i

J. Units.

The Units screen allows you to select either the Metric (BAR/Liter/Meter) or the Imperial (Foot/PSI/Cubic Feet) system
of measurement. Once either of these has been selected, all other screensin Abyss (except tools) will convert to the selected
format. This feature can be modified from the Dive Profile Window allowing you to move between Imperial and Metric units in
the same dive.

Copyright 1995-2000, Abysmal Diving Inc. All rights reserved.
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K. ..I-_J Auto Scaling.  Controlsif the Time and Depth increments on the dive profile window are scaled
automatically.

Copyright 1995-2000, Abysmal Diving Inc. All rights reserved.
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5. Waypoints:
A.White: Thisisauser defined waypoint that can be modified.

B. Yelow: Thisisadefaults generated waypoint that was created based upon a change in Descent/Ascent rates,
Deco Gas Change, or Workload, and can not be modified.

C.Blue: ThisisaDecompression waypoint, and can not be modified.

6. Decompression Ceiling:

Isdisplayed as ared line that follows above your dive profile. Thisline represents the minimum depth you could
ascend to from any point in the dive before decompression isrequired. Normally thisis a series of straight lines that follow
above each of the waypoints. For an accurate representation of true ceilings that vary throughout the dive profile, the “real-
time” display option MUST be used (click on the Tissue-Display Icon).

Copyright 1995-2000, Abysmal Diving Inc. All rights reserved.
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Opening a New Dive Profile window
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By selecting “File/New” from the menu bar you begin the process of creating a new dive profile. Upon selecting this,
Abysswill open anew dialog entitled [New Dive Profile]. In thiswindow you will be required to answer the following questions;

1. Surface Altitude:
The altitude at which the dive will take place.
ex. 2,500ft, 1000m or Oft/m ( at the surface of the ocean).

2. Initial Descent Rate:
Your initial rate of descent from the surface to your first waypoint.
{Note, you must enter a number from 1 to 150, “0” is not allowed} .

3. Water Temperature:
Thiswill allow Abyssto track the changes in the temperature of the water and use this data, in conjunction with
Defaults-Thermal, to estimate your loss of body temperature during your dive.

4. Workload M odifier:

The Workload Modifieris used to allow Abyssto calculate your ongassing and offgassing, estimated gas
consumption & best gas to breathe, based upon the fact that as your level of activity increases, so does your demand for
breathing gas. Thisis one of the advanced features of Abyss, and isnormally left at a setting of (1 Resting). If you are planning
amore advanced dive and wish to take advantage of ABY SS' automated gas consumption estimation features you will need to
make this as accurate as possible. Five choices are offered:

Rest/Normal, finning with little effort, or hanging on decompression.
Mild, finning with some effort, more “ active” diving.
M oder ate, finning against a current, some exertion.
Heavy, finning hard, working while diving.
Extreme, finning as hard as you can, heavy breathing
Thisinformation, coupled with your RMV from (Defaults-SAC) will allow Abyssto accurately estimate your gas needs.

5. Isthisa Wreck or Cave penetration?

Thisinformation is used in the generation of your gas consumption tables. As a penetration dive does not always
dlow direct access to the surface, Abyss needs to know from which points you want to calculate additional gasreserves. If you
answer yes, you will be asked on every New Waypoint screen if you can ascend to the surface from that point.

6. Water Type:
Allows you to specify either Fresh or Salt water. This allows Abyss to correct the pressure used in calculations.

Copyright 1995-2000, Abysmal Diving Inc. All rights reserved.
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7. Gas Mix

Enter theinitial gas you will be breathing while descending from the surface to your first waypoint. The gas percentage
can be entered to 1 decimal place accuracy (exp. 15.1%), but Abysswill only display whole numbers (15%) on the screen Y ou
can select one of the preset gas mixes, (depending on your version of Abyss) Air, Nitrox, Heliox, Trimix, 100% Oxygen., or use
the Custombutton to define a unigue gas mixture.

If you have defined your custom gas mixesin the Defaults section, then by selecting one of the
Nitrox/Trimix/Heliox/Custom buttons you will have the option of opening alist box next to them and selecting one of your
predefined gases..

Once you have selected your breathing gas the Gas Fractions box will display the percentage of each individual gasin
your mix, aswell asthe Partial Pressure of each gasin ATMsor BAR. Thisinformation will be highly useful in controlling your
exposure to the del eterious effects of the various gasses.

8. Partial Pressure:
Thisisthe partial pressure for the fraction of each gas at the current depth.

9. J-Factors
This displays any adjustments that you have requested be made to your entered data from the Defaults-J-Factors
screen, as a positive or negative percentage (+10%, -15%) to the right of each of the gases,.

Once you have completed the New Dive Profile window, Abysswill move you from the pre-dive environment to the
dive planning environment. This section of Abyssis made up of two components; the dive planning window and the 32
compartment tissue array.

Copyright 1995-2000, Abysmal Diving Inc. All rights reserved.
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Creating a New Waypoint
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The New Waypoint screen contains essentially the same information as the New Dive Profile Window. Thisisthe
screen that you will use to define each individual waypoint throughout the remainder of your dive. It isimportant to remember
that all events occur from the waypoint forward, or to the right of the point on your screen. When defining a waypoint you
aretelling Abyss what will be happening from this waypoint (your current position) forward tothe instant before you arrive
at the next waypoint.

Upon creating a new waypoint, you aretelling Abyss;

1. Current Depth, The depth of the waypoint

2. Rate of Ascent/Descent, Your rate of Ascent or Descent from this waypoint to the next.

3. Time At, Thetime you intend on spending at that waypoint.

4. Water Temp., The water temperature.

5. Workload, Your level of physical activity (Workload).

6. Gas Mix, Thegasyou are breathing.

7. Gas Fraction, the percentages of theindividual gasesin your gas mix. You are also telling Abyss the gas that you will be

breathing upon your departure from this waypoint and upon arrival at your next waypoint, as well asthe rate of Ascent or
Descent from this waypoint to your next waypoint.

ItisVERY important that you understand these last two items, as they may have a significant impact on technical dives.
If you do NOT want to use the current waypoint’s Gas or Ascent/Descent data to make a transition to the next waypoint, you
MUST create another waypoint immediately after this one containing the information you want to use.

Exp. At acertain waypoint you are breathing Gas “ X" . Upon leaving this waypoint you are STILL breathing Gas“ X" until you
arrive at the next waypoint. If Gas“X” is not appropriate for that Ascent or Descent you must indicate thisto Abyss through
the use of another waypoint. Remember, when you are ready to surface enter the last waypoint at a depth of Zero feet/meters, or
pressthe Red Arrow Icon. Thistells Abyssto bring you to the surface and perform any needed decompression.

8. Best Gas Button, generates an optimum gas mixture based upon the following. (active for Tech Nitrox and above only)
Current Depth, Gas Mix selected (Custom, Heliox, Nitrox or Trimix) , Current phase of the dive (Descent, Bottom, Ascent, Deco)
Defaults, Gas Optimization, PPO2 and END desired. Best Gas does NOT take into account Workload, Next depth, CNS Clock,
OTUs, PPO2/END limits, or Defaults- Gas Optimization- PPO2 and END May Vary By or Not To Exceed values.

9. Transfer Button, movesthe new gas percentages generated from the Best Gas button into the active Gas Fraction fields
for use by Abyss.

Copyright 1995, 1996, 1997, 1998, 1999, Abysmal Diving Inc. All rights reserved.. All 1
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10. J-Factors
This displays any adjustments that you have requested be made to your entered data from the Defaults-J-Factors
screen, as a positive or negative percentage (+10%, -15%) to the right of each of the gases, Current Depth and Time At fields.

Copyright 1995, 1996, 1997, 1998, 1999, Abysmal Diving Inc. All rights reserved.. All
rights reserved.
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Modifying a Waypoint
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The modify waypoint screen is an informational screen that displays all relevant data concerning awaypoint. Nothing
on this screen can be changed while viewing it. Instead you are presented with a series of buttons along the right hand side that
will move you to the correct screen for what ever actions you deem necessary. To open the M odify Waypoint screen smply
click on any white waypoint with theleft mouse button. (waypoints are also dragable, simply place your mouse pointer on a
waypoint, depress and hold down the |eft mouse button, and you can modify the time & depth without opening the Modify
Screen). You cannot modify a Blue Decompression or Yellow Defaults waypoint, though you can view them.

M odify moves you to the New Stop Data screen so modifications can be made.
Ddete deletes this Waypoint.

Cancel returns you to the Dive Profile screen.

Help gives you assistance with this screen.

Previous allows you to view the previous Waypoint.

Next allows you to view the next Waypoint.

Before Causes Abyssto create aNew Waypoint immediately before this one.
After Causes Abyssto create a New Waypoint immediately after this one.

1. Modifying the Current Depth:
Modifying "current depth” forces Abyssto move the waypoint to the new depth and recal culate all computations.
An alternate means of modifying your current depth isto Click on the Waypoint and Drag it. While doing this ook to
the bottom right-hand corner of the Dive profile Window for adisplay of your current depth.

2. Modifying Time To Depth:
Thisisanon-modifiablefield and displaysinformation only. It indicates the time required to move from your last
waypoint to your current waypoint. Thistime can be changed by modifying your "descent/ascent rate".

3. Madifying the Descent/Ascent Rate:
Modifying the "Descent/Ascent rate" forces Abyssto recompute the amount of time required to reach the waypoint.

4. Maodifying Time at Depth:
Modifying "Time at Depth” forces Abyssto alter the amount of time spent at the indicated depth.
An alternate means of modifying your current timeisto Click on the Waypoint and Drag it. While doing this ook to
the bottom right-hand corner of the Dive Profile Window for a display of your current time.

Copyright 1995, 1996, 1997, 1998, 1999, Abysmal Diving Inc. All rights reserved. All
rights reserved.
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5.Total Time:
Thisisanon-modifiablefield and displays information only. Total Time indicates the total time spent in the dive profile
up to and including this point.

6. Arrival PPO2:

Thisisanon-modifiable field and displays information only. Arrival PPO2 indicates the Partial Pressure of Oxygen that
you are exposed to upon arrival at the waypoint. Note: This reflects the breathing gas used just prior to this waypoint, which
may not be the same as the gas you selected to begin breathing upon arrival at this waypoint. This value can be changed by
varying the percentage of the oxygen in your breathing gas.

7.Arrival OTUs:
Thisisanon-modifiable field and displaysinformation only. Arrival OTUs indicate your total (cumulative) Oxygen
Toxicity Units that you have earned upon arrival at thiswaypoint.

8. Departing PPO2:
Thisisanon-modifiable field and displaysinformation only. Departing PPO2 indicates the Partial Pressure of Oxygen

that you are exposed to upon departing from this waypoint. This reflects the breathing gas used while at the waypoint, which
will be the same gas you breath while traveling to your next waypoint. This value can be changed by varying the percentage of
the oxygen in your breathing gas.

9. Departing OTUs:
Thisisanon-modifiable field and displays information only. Departing OTUs indicate your total (cumulative) Oxygen

Toxicity Unitsthat you have earned upon departing from this waypoint

10. M odifying Gas Mixes:

Thisallows you to chose from a selection of pre-defined gas mixes, or "Custom" to modify your current selection.
Remember, when selecting agasin anew waypoint you are telling Abyss what gas you will be breathing AFTER you have
arrived at that point. Ex. if you select "Air" as the breathing gas on the surface, then insert awaypoint at 100fsw and choose
Nitrox. Abysswill calculate ongassing based on breathing air on the descent and Nitrox upon arrival and for the remainder of
time spent at that waypoint.

11. Modifying Gas Per centages:

Y our breathing mixture isthe sum of all the fractions of the various gases you have selected. If you select "Air" the
fractionswill be locked in and unmodifiable, as Air has afixed fraction of Nitrogen and Oxygen. The same holds true for EAN32
& EANSG. If you select "Custom” you will be allowed to enter any set of gas fractions that total 100%. It isimportant to
remember when selecting agasin anew waypoint you are telling Abyss what gas you will be breathing AFTER you have
arrived at that point. Ex if you select "air" asthe breathing gas on the surface, then insert awaypoint at 100fsw and choose
EAN32, Abysswill calculate ongassing based on breathing air on the descent and EAN32 upon arrival and for the remainder of
time spent at that waypoint.

12. CNS Clock:

Thisisanon-modifiable field and displaysinformation only. Thisisyour Central Nervous System Oxygen Toxicity
clock. The CNS Clock counts (as a percentage from 0-100% or more) the amount of exposure you have accumulated to the
deleterious effects of hyperbaric Oxygen.

Tech Note: Your dive should be completed in advance of the clock reaching 100% under normal circumstancesif possible. As
the clock approaches or exceeds 100%, your risk for a“ CNSO2 Hit" greatly increases.

13. Thermal Efficiency:
Thisdisplays your current thermal efficiency on ascale of 0-100. Thisvaueisderived from Water Temp, Workload,
Defaults-Personal & Thermal. Abyss uses this value to compensate for thermal loss.

14. EAD:

Thisisanon-modifiable field and displays information only. Thisis your Equivalent Air Depth. Thisfigureis useful
when breathing a Nitrox gas mixture, and planning the dive as though you were breathing Air on afixed table. It is provided
solely for your convenience, and has no practical application in Abyss. In the event that your breathing gasis not a Nitrox
mixture thisfield will display “N/A”.

Copyright 1995, 1996, 1997, 1998, 1999, Abysmal Diving Inc. All rights reserved. All
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15. END:

Thisisanon-modifiable field and displaysinformation only. Thisisyour Equivalent Narcotic Depth. As many divers
base their bottom gas mix on the level of tolerable narcosis, this figure gives you the equivalent narcotic depth for all of the gas
components of your breathing gas as though you were breathing Air. Thus you may be at a depth of 220 feet on a Trimix, and
your END may read shallower.

Tech Note:

Oxygen is about twice as lipid soluble as nitrogen, so it should theoretically be twice as narcotic. A very limited,
controlled study suggests that oxygen is equipotent to nitrogen, and that the reason is possibly that much oxygen is bound to
Hb, and is metabolized in the tissues. The weakness of this assumption is that oxygen and nitrogen may not be equally
narcotic acrossall ratiosand at all depths.

Abyss uses the following rel ative narcotic values when computing your END, unless you have selected Oxygen as Non-

Copyright 1995, 1996, 1997, 1998, 1999, Abysmal Diving Inc. All rights reserved. All
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Narcotic in Defaults-CNS-exceptional:
Helium= 0, Neon = 0.28, Hydrogen = 0.55, Nitrogen = 1.00, Oxygen = 1.00, Argon = 2.33

Copyright 1995, 1996, 1997, 1998, 1999, Abysmal Diving Inc. All rights reserved. All
rights reserved.
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Repetitive Dives
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If making more than one divein a 24 hour period, or multiple dives over the course of several days, you will want to be
able to track your ongoing level of saturation. The repetitive dive window allows you to have multiple dive displayed
simultaneously, so that they will share your tissue saturation information over any period of time you require.

Repetitive dives are created by surfacing to a depth of 0, and indicating any time greater than 1 minute. When Abyss
seesthat you are on the surface, and your timeis greater than 1 minuteit will ask you if you want to make arepetitive dive. If
you answer yes, it will ask two additional questions.

1. Your surfaceinterval timefor all gases breathed:
Y ou need to enter the entire time you will be on the surface, regardless of what gas you are breathing.
Abyss uses this information to determine a post dive maximum bubble nucleation probability.
Asadefault value, Abysswill display the time you entered in the New Waypoint screen.

2. What isyour next M aximum depth:
The maximum depth that you will descend to on the next dive.
Abyss uses thisinformation to determine bubbl e crushing and possibl e reseeding/renucl eation.

These two pieces of information are used by Abyssto select from one of 216 repetitive dive"a" "b" value arrays.
These arrayswill control your offgassing during the surface interval, and your ongassing/offgassing and deco for your
repetitive dive. Once you have answered these questions, you must still enter awaypoint or multiple waypoints for your surface
activities. While on the surface you may make a gas switch if needed. Make sure your surface waypoints match the time you
indicated in the repetitive questionnaire, and that your next dive doesNot exceed your maximum indicated depth.

Access to the repetitive questionnaire can not be had after you have surfaced, so take your time when you enter the
information. The only way to change thisinformation isto delete your surface point and then insert a new one. For the
computation of repetitive diving Abyss now uses a proprietary implementation of the RGBM (Reduced Gradient Bubble model)
tracking dissolved and free gas phases. This allows Abyss to track the growth and formation of post dive bubbles aswell as
tissue tensions. At thistime, no other program in the world offersthislevel of dual modeling.

Tech Note:
When making a repetitive dive, NEVER modify a surface waypoint.
If you need to change the information, DELETE the surface waypoint, and insert a new one.
Failureto do thiswill cause Abyss to become confused and result in incorrect usage of the RGBM Model.

Copyright 1995, 1996, 1997, 1998, 1999, Abysmal Diving Inc. All rights reserved. All
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Tissue Array
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The 32 compartment tissue array provides a graphical representation of your theoretical tissue saturation. The fastest
tissues are displayed on the left/top and the slowest on the right/bottom. Typically, thiswill result in awave or bulge toward the
left side/top of the array during the dive, and a much smaller wave or bulge towards the right side/bottom of the array at the end
of thedive.. Thisisdueto the fact that the faster tissues will ongas and offgas at a higher rate than the slower tissues.

1. Scaling and Sizing:
Thetissue array is contained in a*“ splitter” window. This allows you to increase or decrease the amount of total screen

space used by the tissue window without affecting the contents of the tissue window itself. In addition, the tissue bars can be
magnified or reduced by selecting “File-Scaling” from the menu bar and changing the scale rate. To size the splitter window
move your mouse pointer over to the top of the window until it changesto 2 parallel horizontal bars, then click the left mouse

button and drag to your desired size.

2.Real Time:
Thiswill allow you to see the actual ongassing/offgassing taking place as Abyss calculatesit in real-time (30 second

intervals). Selecting real-time will greatly reduce the speed at which Abyss runs, but offers you amuch better visual display of
what is actually happening. To initiate real-time, select it from the “File-Scaling” window, or the menu bar icon.

Note: For best possible display results, set the Calc Interval to 1, and select real-time. Thiswill force Abyss to calculate all
ongassing and offgassing during your descent and ascent, and display that information to the ti ssue window.

3.Bar Color:
All bars begin as Blue, and are at zero saturation and end as Red at full saturation. As saturation increases, the bar

color shiftsfrom blue to green to yellow to red. Supersaturation is indicated as Black, and displays those compartments that
have entered into a state of decompression during an ascent.

4. Bar Height:

All bars begin at the bottom/left of the array. Asthey ongas the bar lengthens to show the amount of gas loading that

has taken place. The longer the bar, the more dissolved gasit contains. Thisisasummary of all the gasesin that compartment.

5.(f) and (-):

Indicates whether the tissue compartment is ongasing (+) or offgasing (-).

Copyright 1995, 1996, 1997, 1998, 1999, Abysmal Diving Inc. All rights reserved. All
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6. Saturation Line:

Thisthin black line indicates the saturation limit for any given depth for the specific gas mixture you are using. If you
remained at a specific depth long enough, all 32 tissue bars would rise to, but not above, thisline. Asyou descend thisline will
rise (allowing room for more ongasing). Asyou ascend this line will drop (possibly requiring decompression). When atissue bar
crosses over thisline (and becomes black), a state of tissue supersaturation exists, and decompression must take place to safely
ascend.

Note, even when a compartment is fully saturated, this value will not be equal to the ambient pressure (depth). Thisis
because you always have some fraction of Oxygen in your gas mixture that is acting to reduce the total pressure of the
inspired gas. Were you to breathe a pure gas, such as 100% Nitrogen, then this value would indicate your current depthin
pressure.

7. Compartmental Half-Time:

Is displayed to the | eft of each tissue bar, and is adjusted to accurately represent the contents of more than one gasin
the compartment, by means of aweighted average of the individual gas half-times from Defaults-Algorithm Controls-Halftimes.
Thus these half times may not match any of the individual halftimeslisted in Defaults-Algorithm Controls-Halftimes. Changes to
your breathing gas, ongassing or offgassing status and workload will effect these values and may cause them to change from
Waypoint to Waypoint throughout the entire dive.

8. Maximum Allowable Over pressure:

Is displayed to the right of the small Red Bars. These are the controlling values that force you into a deco stop, and
limit your ability to ascend. Thisvalue, displayed in “bar” pressure units, tells you how much additional pressure a compartment
can momentarily tolerate without resulting in injury. During normal decompression you will see these small red bars cometo the
edge of the tissue bars, but not enter into the tissue bars. Each time ared bar touches atissue bar, a blue decompression point is
generated by Abyss. Should one of these enter into the area of atissue bar, adecompression violation has occurred.

Note. having your Template-Calc Interval and your Defaults-Decompression-Deco Interval set to unmatching values may
result in apparent deco violations on the screen. Thisis solely a display based error. To maintain display integrity, be sureto
set both values to the same increment.

9. Compartmental Pressure:

Isdisplayed to the far right of thetissue bar. Thisisthe total pressure of all the gasesin the compartment. All values
displayed herearein "bar” pressure units, and are not convertible using the Units option in Abyss. Even when a compartment
isfully saturated, this value will not be equal to the ambient pressure (depth). Thisis because you always have some fraction of
Oxygen in your gas mixture that is acting to reduce the total pressure.

10. Decompression Ceiling:

Isdisplayed as ared line that follows above your dive profile. This line represents the minimum depth you could
ascend to from any point in the dive before decompression isrequired. Normally thisis a series straight lines. For amore
accurate representation of true ceilings that vary throughout the dive profile, the “real-time” display option in Template-Scaling
MUST be used..

Copyright 1995, 1996, 1997, 1998, 1999, Abysmal Diving Inc. All rights reserved. All
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3D Tissue Graph

Theall new 3D Graph allows you to visualize your entire dive, from start to finish at aglance. Where the Tissue
window displays for only one moment in time, the 3D Graph displays your dive profile from beginning to end. The purpose of
the graphisto allow you better analyze the impact of gas changes, depth changes, and decompression stops on the disolved
gas pressure in your body. Asyou look at the graph pay special attention to steep drop offs showing rapid ascents, multiple
peaks on asingle dive showing gas changes from a"Fast" gasto a"Slow" gas. The resolution of thisdisplay is greatly
enhanced when the REAL-TIME option is used on the Tissue Array. All information on this graph comes from the values
generated in the Tissue Array, so all Tissue Array control optionsimpact thisdisplay. A zoom featureis available by Left
clicking yourmouse on any point of the graph. Notice that the time scale on the bottom of the graph will change after you have
zoomed.
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DEFAULTS-- Algorithm Controls-Algorithm
— I LT

£ Alyre 141 M e m e s kmgd den e

18 panprE, A e g e e oy s e
T . 1 B
Thi b - 1 xmuuw ‘i Wk b Bl

7 Birys 178 Promage rvm em ok e wons mpe vl Smm—0

s e
] e

AeLiag i AT

Ty
[y T————

T T e T ]

" tewanal
SR e s u vEad  regar ey s
Toai ubipm o it LI

T ™ [Eut

T | |

The algorithmsection allows you to choose which mathematical model Abyss will use to compute your ongassing and
offgassing during your dive. The Algorithm defaults currently allows you to choose from three Buhlmanian algorithms with
RGBM constraints, and a pure RGBM algo to compute your Ongassing/Offgassing and Decompression. The reasoning behind
the Asymmetrical vs. Symmetrical modelsisto control the rate of offgassing. A symmetrical model allows for the offgassing to
take place at the same rate as the ongassing did. An Asymmetrical model adds additional time to the offgassing, while not
affecting the ongassing. Over the last several years most people have moved to the asymmetrical style models asthey seem to
more accurately predict what is actually happening during decompression. For the most part, the major point of discussion isto
what degree the model should be asymmetrical, and thisis why we offer you 2 asymmetrical models to choose from. One for less
aggressive dives, and one for more aggressive dives.

Abyss-150. (Most conservative, longest deco times)
32 compartment, Asymmetrical multi-gas algorithm that is used asthe default in Abyss.
Offgasing halftimes are 150% of Ongassing Halftimes, (50% longer).
Halftimesand "a" "b" values are proprietary Abyss values.
Thisalgorithm is optimized and recommended for agaressive Technical and Mixed Gas diving.

Abyss-120. (Average conservatism, average deco times)
30 compartment, Asymmetrical multi-gas algorithm.
Offgassing halftimes are 120% of Ongassing Halftimes, (25% longer).
Halftimesand "a" "b" values are original Buhlmann values, with very minor extrapolations.
Thisagorithmissimilar to the current Buhlmann ZH-L 16¢ of 1993 or its newer ADT derivative of 1995.
Thisalgorithm is optimized and recommended for general recreational andtechnical diving.

Abyss-100 (Most liberal, shortest deco times)
30 compartment, Symmetrical multi-gas algorithm.
Offgassing halftimes are equal to Ongassing Halftimes.
Halftimesand " A" "B" values are original Buhlmann values, with very minor extrapolations.
Thisalgorithmis similar to the original Buhlmann ZH-L12 of 1983.
Thisalgorithm isfor non-aggressive (No-Deco) recreational diving.

AbyssRGBM (Newest Experimental bubble model, accel erated deco with very short deco times)

The Reduced Gradient Bubble Model (RGBM) isadual phase (dissolved and free gas) algorithm that incorporates and
couples historical Haldanian dissolved gas transport with bubble excitation and growth, treating both the dissolved and free
phase transfer mechanisms, postul ating the existence of micropockets of gas seeds (micronuclei) with pressure permeable elastic
skins of surface active molecules small enough to remain in solution and strong enough to resist collapse.

RGBM uses equation of state (EOS) for bubble skinsin theimpermeable region, transitioning pressure response from
"crumbling” to "thin film" for bubbles while tracking Boyle-like phase response under compressi on-decompression in permeable
and semi -permeabl e bubble regions and pre-conditioning excitation phase volumes to depth and gas mixture.

Thisalgorithm is optimized for agaressive Mixed Gas diving.

Copyright 1995, 1996, 1997, 1998, 1999, Abysmal Diving Inc. All rights reserved. All 2
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DEFAULTS--Altitude
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Pre-Dive tab

1. Initial altitude beforetraveling to dive site:
Enter the altitude where you spent the last 12 hours.
Thisisused to determine your initial saturation level.

2. Einal Altitude at dive site:
Enter the elevation of your dive site.
Thisis used to determine the altitude where desaturation occurs.

3. Total timefrom departureto beginning of dive:

Enter the time you spent traveling to the dive site, and time at the site before entering the water.

Thisis used to determine the amount of pre-dive offgassing that has occurred, and to set theinitial tissue saturation
levelsfor the dive.

Post Dive tab

1. Immediately following my dive, | need to be ableto ascend to:

Allowsyou to specify a changein altitude immediately following your dive. Use thisfeature to indicate that you will be
going through a mountain pass, or from alow altitude to a higher altitude. As asafety factor, thisvalueis set to 1,770ft or 540m,
and should not be set lower without due caution. This value controls the surface pressure that Abyss uses to compute your
final allowable overpressure (supersaturation) before getting out of the water. Lowering this value from (1,770ft/540m) will result
in much shorter deco stops at the shallower intervals.

Tech Note!!:

Setting thisvalueto “ Oft/Om” removes all altitude safety, and places you at an increased risk of DCSfrom ANY changein
elevation, or increase in post-dive stress. If you decide to lower thisvalue, please be certain that there will belittle or no
changein elevation, and that upon exiting the water there will be very little or NO physical work for the next few hours.

Exp. You are making adive at sealevel, but enroute to your home you must drive over amountain pass of 3,500ft. By setting the
Elevation Change to 3,500ft, you are instructing Abyss to cal culate additional decompression to allow you to tolerate the drop
in atmospheric pressure from the change in elevation without substantially increasing your DCSrisk.

2. Cabin pressureof aircraft you will beflyingin:

If you wish Abyssto calculate your “Time-to-Fly”, enter the level of pressurization the aircraft maintains. Abysswill
then calcul ate the additional offgassing time required for you to be able to withstand a drop in atmospheric pressure to the cabin
pressure of the aircraft. Asarule 8,000ft is standard in many commercial jet aircraft.

Copyright 1995, 1996, 1997, 1998, 1999, Abysmal Diving Inc. All rights reserved. All
rights reserved.
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DEFAULTS--Descent/Ascent
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This default screen allowsto indicate your standard rates of Descent and Ascent depending on your depth. When
filled out, Abysswill use these figures as your default values while planning adive. In the Descent section each rate you enter
inthe“To” columnwill be automatically carried over to the next “From” column, whilein the Ascent section each rate you enter
in the“From” column will be automatically carried over to the“To” column. Thisinsures that you maintain a consistent range of
depth coverage and do not skip arange by accident.

The maximum rate of descent or Ascent is 150 ft/min. or 45 m/min.
Descent tab

1. Descent From:

Ex. | descend from 0-60ft at 100 ft/min.
60-100ft at 60ft/min.
100-200ft at 40ft/min.

Ascent tab

2. Ascent From:
Ex. | ascend from 20-Oft at 20ft/min.
60-20ft at 40ft/min.
100-60ft at 60ft/min.

3. Enable
This allowsyou to selectively enable or disable each range of Descent/Ascent settings.
Should you desire to disable all Descent/Ascent setting, but retain other defaults, click on each checkbox to remove the “ X”.

Copyright 1995, 1996, 1997, 1998, 1999, Abysmal Diving Inc. All rights reserved. All
rights reserved.
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Tech Note:
These values will show up on your dive profile screen as Yellow Waypoints

Copyright 1995, 1996, 1997, 1998, 1999, Abysmal Diving Inc. All rights reserved. All
rights reserved.
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DEFAULTS—Limits-CNS Clock
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One of the advanced features of Abyssisthe automated tracking of your CNS O2 exposure, commonly called your
CNS Clock. If after significant diving experience you have established your own ability to tolerate oxygen under pressure you
may decide to alter the values that Abyss uses to calculate your CNS minutes. For each exposure level from a PPO2 of 0.6 ATM
to 2.2ATM/BAR Abyss allows you to modify the clock settings by a (+) factor of 10%, 25%, 50%, 75% or 99%.

{NOTE: For the purposes of the CNS Clock only, 1 ATM is considered the same as 1 BAR.}

Normal Tab:

1.PPO2= 0.6atm 0.14% for every minute you remain at this exposure level.
2.PPO2= 0.7atm 0.17%

3. PPO2 = 0.8atm 0.22%

4.PPO2= 0.9atm 0.28%

5.PPO2 = 1.0atm 0.33%

6. PPO2 = 1l.latm 0.42%

7. PPO2 = 1.2atm 0.48%

8. PPO2 = 1.3atm 0.55%

9.PPO2 = 1l.4atm 0.67%

10. PPO2 = 1.5atm 0.83%, Please use caution in this PPO2 range.

11. PPO2 = 1l.6atm 2.22%.

Exceptional Tab:

12. PPO2 = 1.7atm 2.86%, Very High PPO2 Exposurerange, High Danger
13. PPO2 = 1.8atm 4.00%

14. PPO2 = 1.9atm 6.67%

15. PPO2 = 2.0atm 10.00%, Extreme PPO2 Exposure range, Extreme Danger
16. PPO2 = 2.1atm 20.00%

17.PPO2 = 2.2atm 100.00%

Ex. AtaPPO2 of 1.6 ATM your CNS clock ticks at 2.22% for every minute you remain at that exposure level. By
selecting amodification of +10% your new clock rate will be 2.44%, thus increasing your safety factor by 10%.

18. CNS Clock Halftime
The number of minutes spent on the surface while breathing Air, before 1/2 of the CNS clock cumul ative value will be
reduced for repetitive dives. For each half-time spent on the surface the CNS Clock will drop by 50%.

19. Oxygen is Nar cotic:

Copyright 1995, 1996, 1997, 1998, 1999, Abysmal Diving Inc. All rights reserved. All 3
rights reserved.
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Thisalows you to specify whether or not Oxygen should be treated as a narcotic gasin the END calculations.
Tech Note:
100% per minute is the maximum rate that Abysswill allow the CNS Clock to tick at.

Copyright 1995, 1996, 1997, 1998, 1999, Abysmal Diving Inc. All rights reserved. All
rights reserved.
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DEFAULTS--Decompression
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The Defaults Decompression window is comprised of three main components, Deco Gases, Decompression Stops and
Air Breaks.

Deco Gastab

1. Deco Gas.

Custom Mix allows you to create 4 specialty gases that you wish to use as a default decompression breathing gas, and
to set the depth range over which this gas will be used automatically by Abyss during your ascent and decompression. Ranges
may not overlap, however, if adeco gasis Disabled, the previous gaswill confutein use through the disabled gas’ range.

Once these defaults have been set, Abysswill automatically incorporate your desired decompression gas for you
during your final ascent to the surface, and in all decompression calculations.

2. Enable/ Disable
Allows you to selectively choose from your four deco gases. If you disable one gas, the gasto theright of it will be
used to cover the disabled gas' s depth range. |.e., the previous' gas’ TO will update to match the next gas' FROM.

Deco Stopstab
3. Deco Stops, Decompression Stop I nterval:

Thisallows you to specify theincremental depths at which Abyss calculates your need for a decompression stop.
Stopsareavailablein 1, 2, 3, 4, and 5 meter intervalsand 1, 5, 10, 15, and 20 foot intervals.

4. Deco Stops, Last Stop Depth: A last stop option of 1/5/10/15/20 feet or 1/2/3/4/5/6 metersis also provided should the need
arise for you to remain at a specific depth to complete your decompression.

5. Deep Stops, Enable/ Disable:
Enables the default setting for adding additional Deep Stops to your normal decompression schedule.
For detailed information on the concept of Deep Stops see the article “ Deep Stops” in the Abyss appendix.

6. Deep Stops, First Deep Stop
Allows you to choose the duration of thefirst deep stop. Choicesare 1, 2 or 3 minutes.

7. Deep Stops, Other Deep Stops
Allows you to choose the duration of all remaining deep stops. Choices are 1 or 2 minutes.

Air Breakstab

8. Air Breaks:
When breathing 100% Oxygen it is generally held that a short period of breathing Air (an Air break) should be utilized

Copyright 1995, 1996, 1997, 1998, 1999, Abysmal Diving Inc. All rights reserved. All
rights reserved.
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to reduce the possibility of aCNS O2 hit. Thisfield allows you to specify the number of minutes spent breathing 100% Oxygen
before you wish to take an Air break, and then for what duration the Air break should be. Y ou may also specify aNitrox mixture
other than Air to be used during your Air break.

Copyright 1995, 1996, 1997, 1998, 1999, Abysmal Diving Inc. All rights reserved. All
rights reserved.
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DEFAULTS-Limits-END

DEFALLTS: END Limits
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This screen controls the automated alarms Abyss uses to inform you of your current exposure to Narcosis. This screen
isdivided into two main sections, each of which controls the Warning, Caution and Stop darms that are displayed during the
creation of your dive profile.

Your END is set in Feet or Meters..
Travel tab

1. Descent:
Allowsyou to set your END alarm values while descending..

2. Bottom:

Allowsyou to set your END alarm values while on the bottom, or for any waypoint where you are neither ascending or
descending.

3. Ascent:
Allows you to set your END alarm values during your ascent.

4. Decompression:
Allows you to set your END alarm values during your decompression stops.

Workload tab

5. Workload:
Allows you to set your END alarm values according to various workloads/Depth combinations.

Tech Note:

Oxygen is about twice as lipid soluble as nitrogen, so it should theoretically be twice as narcotic. A very limited,
controlled study suggests that oxygen is equipment to nitrogen, and that the reason is possibly that much oxygen is bound to
Hb, and is metabolized in the tissues. The weakness of this assumption isthat oxygen and nitrogen may not be equally
narcotic across all ratiosand at all depths.

Abyss uses the following relative narcotic val ues when computing your END unless you have sel ected Oxygen as Non-
Narcotic in Defaults-CNS-exceptional:

Helium= 0, Neon = 0.28, Hydrogen = 0.55, Nitrogen = 1.00, Oxygen = 1.00, Argon = 2.33

Copyright 1995, 1996, 1997, 1998, 1999, Abysmal Diving Inc. All rights reserved. All 3
rights reserved.
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DEFAULTS--Gas Mixes, Custom

| |
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DEFAULTS: Custom Gas Mixes
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Custom Gas Mixes allow you to specify the makeup and name of 4 custom breathing gases. Once these have been
specified they will become available for you to use by selecting Custom from the Gas Mix box in any of the Abyss waypoint

Screens.

1. GasMix Name:

Y ou are required to enter aname for your custom gas mix. This name will appear in the list box beside the Custom

button on any of the waypoint screens.

2. Gas Per centages:

Enter the percentages of the various gases that constitute your custom mix..

DEFAULTS--Gas Mixes, Heliox

| |

DEFAULTS: Heliox
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Helioxallows you to specify the makeup, and name of, 4 custom Heliox breathing gases. Once these have been
specified they will become available for you to use by selecting Heliox from the Gas Mix box in any of the Abyss waypoint
screens. The gases al start with 100% Helium and only require that you enter the correct amount of Oxygen for your desired mix.

1. Heliox Name:

You are required to enter aname for your custom Heliox. This name will appear in the list box beside the Heliox button

on any of the waypoint screens.

2. Gas Per centages:

Enter the percentage of Oxygen that your Heliox contains.
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DEFAULTS--Gas Mixes, Nitrox

Mitrox #1
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Nitroxallows you to specify the makeup, and name of, 4 custom Nitrox breathing gases. Once these have been

specified they will become available for you to use by selecting Nitrox from the Gas Mix box in any of the Abyss waypoint
screens. The gases all start with a 32% and a 36% Nitrox predefined.

1. Nitrox Name:

You are required to enter aname for your custom Nitrox. This name will appear in the list box beside the Nitrox button

on any of the waypoint screens.

2. Gas Per centages:

Enter the percentage of Oxygen and Nitrogen that your Nitrox contains.

DEFAULTS--Gas Mixes, Trimix

| |
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Trimix allows you to specify the makeup and name of 4 custom Trimix breathing gases. Once these have been specified

they will become available for you to use by selecting Trimix from the Gas Mix box in any of the Abyss waypoint screens. All

gases start out as Air. Any percentage entered in the Helium field will be automatically deducted from the Nitrogen percentage

for your convenience.

1. Trimix Name:

Y ou are required to enter aname for your custom Trimix. This name will appear in the list box beside the Trimix button

on any of the waypoint screens.

2. Gas Per centages:

Enter the percentages of Oxygen, Helium and Nitrogen that your Trimix contains.
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DEFAULTS--Gas Optimization (Rebreather & Open Circuit)

DEFALILTE: Gos Operaration

Duscos | Bocn | dscen | Decompression | Ussiiopases | Miec |

FPOE
Dissiied Wiy wry B Wil i s
r— [am ]
ExT
Dissiia h'\lﬂl’"l’jl Mol o e
16k I-.' 1.0 -I aan i

[ox ] e | messt | den |

The Gas Optimization screen alows you to define your PPO2 and END parameters that Abyss will use when calculating
optimum gases, or a constant PPO2 (Rebreather style) for your dive. The Gas Optimization screen is broken into 5 major
sections, Descent, Bottom, Ascent, Decompression and Usable Gases.. Examples for the Descent phase are provided.

1. Descent, PPO2 Minimum:
What is the minimum allowable PPO2 to be used during your descent?

2 Descent, PPO2 Desir ed.:
Given a*“perfect” breathing gas, what would your oxygen exposure (in ATM or BAR) be over the course of your
descent? . The desired value for each phaseis what Abysswill use to begin creating the “range” that the gas operates over.

3. Descent, PPO2 Not to Exceed:
What is the maximum PPO2 to which you are willing to be exposed?.

4. Descent, END Desired:
Given a*“perfect” breathing gas, what would your narcosis exposure be over the course of your descent?

4. Descent, END Not to Exceed:
What is the maximum END to which you are willing to be exposed ?. Thiswill control the Nitrogen/Helium percentages
in the gas mix Abyss attemptsto createif a Trimix isindicated.

5. Usable Gasesfor Computations:
Specify which gases Abyssis allowed to use when forecasting a possible gas mix.

The Gas Optimization feature in Abyssworks by creating a series of gases that will work over particular depth ranges.
Exp. You have entered the following values for your Descent phase.
Min Ppo2 = 0.9, Desired = 1.0, Max = 1.1 and your first User Waypoint is set at 180feet.

Abysswill first create aBest Gas for your current waypoint (0 ft) and evaluate whether or not that gas could be used at
the next waypoint (180ft). Since there is no such gas Abysswill then begin lowering theinitial PPO2 at the surface and making a
series of trial descents attempting to get you from the surface to 180 feet with in your limits of 0.9 & 1.1 Eventually Abysswill
determine that thereis No gas that can make this transition. At that moment Abyss will insert a Gas Optimization Waypoint at
the depth where either the Max PPO2 or the END isviolated. Thiswaypoint will indicate the maximum range of the first gas.
Abysswill then begin againtrying to find agas that will get you from that waypoint to your User Waypoint. This processis
repeated as many times as is needed until you arrive at 180 feet without violating either the Min or the Max Values. At the same
time Abyssis comp uting the END valuesin the same manner. NOTE: The closer the Min and Max values are the greater the
number of gases Abysswill create. For fewer gases allow Abyss alarger range between the Min and the Max PPO2, aswell as
the END.

Tech Note: Gas Optimization Phases are determined as follows.
Bottom, any waypoint with a Time At > 3 minutes. DECO, any waypoint that isin mandatory Decompression.
Ascent, next depth islessthan current depth AND it is not a Bottom or DECO point.

Copyright 1995, 1996, 1997, 1998, 1999, Abysmal Diving Inc. All rights reserved. All
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Descent, next depth is greater than current depth AND it is not a Bottom or DECO point.
Tech Note: Abysswill optimize each profileat least twice. To optimize a dive select Tools-Gas Optimization!!
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DEFAULTS—AIgorithm Controls, A/B values:

DEFALLTS: Gas values alb
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Abyss allows you direct access to the compartmental “A/B” values used in calculating your ongassing, offgassing
and decompression. Though Abyss allows you access to these control values, we strongly recommend against changing them.
Unlessyou are skilled in the art of Hyperbaric modeling, we suggest you use thisinformation solely for reference purposes.
Altering these values will fundamentally change how Abyss performs its Ongassing, Offgassing and Decompression
computations. Roughly speaking, these val ues determine where the moving red bars on the tissue window are placed, and thus
the amount of supersaturation that each tissue compartment can tolerate before requiring staged decompression. Abyss does
not display its proprietary values on this screen.

1. Nitrogen:
Use this button to display all of the a/b values for Nitrogen.

2. Helium:
Use this button to display all of the a/b values for Helium.

3. Argon:
Use this button to display all of the experimental a/b valuesfor Argon.

4. Neon:
Use this button to display all of the experimental a/b valuesfor Neon.

Tech Note:
The Values used for NEON and ARGON should be considered EXPERIMENTAL only.

Very little hard data is available on the use of Neon and Argon in breathing gases, and Abyss deco schedules
employing these gases must be considered Theoretical only.
Special Warning:

If you do choose to employ the use of Neon be aware that recompression treatment for DCS involving

Copyright 1995, 1996, 1997, 1998, 1999, Abysmal Diving Inc. All rights reserved. All
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Neon isoften unsuccessful. DCS involving Neon does not appear to respond well to standard recompression
treatment.!!
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This section applies to Mixed Gas & Adv. Mixed Gas users only.

DEFAULTS—AIgorithm Controls, Half-Times:
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Abyss allows you direct access to the compartmental half-times used in calculating your ongassing, offgassing and
decompression. Compartments are some time referred to as“ Tissues’, as they may represent various tissue types in the body.
Thisreference should not be taken literally, asthereis no direct correlation between a specific tissue and a compartment in the
mode.

From here you can see the differences in the various algorithms that Abyss offersyou.

1. Ongassing half times:
The theoretical number of minutes for a specific compartment to absorb 50% of its dissolved gas capacity.

2. Offgassing half times:
The theoretical number of minutes for a specific compartment to release 50% of its dissolved gas.

Tech Note:
The Values used for NEON and ARGON should be considered EXPERIMENTAL only.

Very little hard datais available on the use of Neon and Argon in breathing gases, and Abyss deco schedules
employing these gases should be considered Theoretical only.
Special Warning:

If you do employ the use of Neon be aware that recompression treatment for DCS involving Neon is often
unsuccessful.

DCSinvolving Neon does not appear to respond well to standard recompression treatment.
Copyright 1995, 1996, 1997, 1998, 1999, Abysmal Diving Inc. All rights reserved. All
rights reserved.
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DEFAULTS—AIgorithm Controls J-Factors

=] EEFALLTS: Macior

fiw Adanwen _ Wegan Lisdd
sy ey G
bl o e

EE l__j o vy | [a] Bommmai]
077 R o T Toms b
Bargm  cwrgs by '"_i-l o b mi‘

]

One of the most advanced features of Abyssisthe ability to modify many of the values that Abyss usesto calculate
your decompression requirements. If after significant diving experience you have established your own ability to safely
decompress, you may wish to modify these values, but under normal conditions these values should be | eft at the default
settings.

Abysmal Diving Inc. STRONGLY advises you NOT to modify the “Oxygen Credit” or “ Gas Adjustment” settings
without first taking a proper course in hyperbaric physiology and decompression theory.

These values as awhole are often referred to as“ J-Vaues”. They are made up of your Bottom Time, Depth, Oxygen
Decompression Credit, and of an adjustment to the values of theindividual breathing gases. Modifications to these values are
displayed as percentages on the New Waypoint screen and on the Long Table print out. J-Factor modifications to your entered
data are handled in the background by Abyss. All user entered datawill “appear” to remain the same, even though Abyssis
applying the requested modification to those val ues.

1. Bottom Time:

Allows you to modify your actual bottom time by a (+ or -) percentage.

Ex. Your actual bottom timeis 60 minutes, but you have selected a +5% modifier, so Abyss cal cul ates your
decompression as though your bottom time were 63 minutes. The selection rangeis +5, 10, 15, 25, 50%, -5, 10, 15%

2. Depth:

Allows you to modify your actual depth by a (+ or -) percentage.

Ex. Your actual depth is 100ft, but you have selected a +10% modifier, so Abyss calculates your decompression as
though your depth were at 110ft. The selection range is +5,+10,+15,+25,+50%, -5, 10, 15%

3. Oxygen Credit:
Allows you to modify the effectiveness of oxygen during decompression. The selection rangeis+ or - 5, 10, 15, 25,

50%.
Ex. At 15ft you are breathing 100% oxygen, but you have selected an oxygen credit of -15%, so Abyss cal cul ates your
decompression as though the oxygen you are breathing is 15% less effective in removing other inert gases from your system.

4. Gas Adjustment:

Allows you to modify your actual percentage of breathed gas. This adjustment will only take effect if at |east one of
the gases you are breathing isleft unmodified. If you modify all gases, there will be no way for Abyssto compensate. The
selectionrangeis+ or - 5, 10, 15, 25, 50%.

Modification of these values will make the overall program more or less conservative as determined by
Longer or Shorter decompression times.

Treat these settings with EXTREME care.
Your life depends on it.

Copyright 1995, 1996, 1997, 1998, 1999, 2000 Abysmal Diving Inc. All rights reserved. 4
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DEFAULTS—AIlgorithm Controls RGBM Parameters

1) BFTP - Bubble Film Tension Pressure

Thisisthe surface tension of the bubble when inawatery and/or fatty tissue. Asthe film strength increases the bubbles
behave more like hard little “beebees” in the permeabl e region, and become tougher to dissolve under gas diffusion.
Allowable measurements can range from 50 dynes/cm (in plasma) down to 11.5 dynes/cm (in fatty tissue).

This value should NOT be adjusted by the user without prior training in RGBM algo Theory.

2) BSTP - Bubble Surfactant Tension Pressure

Thisis the crumbling strength (the effective surface tension) of surfactant stabilized bubble.
Allowable measurement of forceisfrom 215 dynes/cm to 280 dynes/cm.

This value should NOT be adjusted by the user without prior training in RGBM algo Theory.

3) RTNBS - Relaxation Time for New Bubble Seeds

Thisisthe amount of time for bubble nuclei to regenerate during adive. Not an important factor except for saturation exposures.
Adaptation, measurements, observations, tests suggest that regeneration times vary between 2 days and 21 days.

Allowable durations are from 9000min (6.25 days) to 31,000min (21.5 days)

This value should NOT be adjusted by the user without prior training in RGBM algo Theory.

4) FSBTTP - Filmto Solid Bubble Tension Transition Pressure

Thisisthe crumbling surfactant pressure threshold, or where the bubbl e skins become impermeable to gas transfer. Y ount and
colleagues found arange from 4.5 atm up to 13.3 atm, Wienke assessed arange 8.5 atm up to 18 atm.

Allowable pressure ranges from 2.5atm to 12.5atm.

This value should NOT be adjusted by the user without prior training in RGBM algo Theory.

5) NBMR - Nitrogen Bubble Mean Radius

Thisisthe mean excitation radius of a nitrogen bubble. Asyou increase the bubble size, more time is needed to shrink the
bubble back down. Hence your deco times will increase and your NDL will decrease. Y ount suggested .6 microns up t0 .95
microns. Wienke and others have measured .5 microns up tp 2.4 microns. Allowable user defined radius ranges are from 0.40
microns up to 1.60 microns. This val ue needs to be adjusted based upon the depth of the dive and is corrected with the buttons
labeled “ Shallow-Normal-Deep” on the defaults screen.

6) HBMR - Helium Bubble Mean Radius

Thisisthe mean excitation radius of ahelium bubble. Asyou increase the bubble size, more time is needed to shrink the bubble
back down. Hence your deco timeswill increase and your NDL will decrease. Y ount suggested .5 microns up to 1.3 microns.
Wienke and others have measured .4 microns up to 2.2 microns. Allowable user defined radius ranges are from 0.40 microns up
to 1.60 microns. This value needs to be adjusted based upon the depth of the dive and is corrected with the buttons labeled
“Shallow-Normal-Deep” on the defaults screen.

7) EBV - Excited Bubble Volume

The energy per separated permissible phase growth rate. Asyou decrease the phase volume the decompression constrainst
become more stringent and NDLs are shortened. Critical fits by Y ount, Wienke and from statistical mechanics suggest arange
8550 fsw min down to 4550 fsw-min. Allowable user defined radius ranges are from 5000fsw to 8000fsw.

Thisvalue needs to be adjusted based upon the depth of the dive and is corrected with the buttons labeled “ Shallow-Normal-
Deep” on the defaults screen.

8) CLAM -- free energy per unit bubble volume growth rate. Nominal value is 556 fsw min. Critical fitsby Y ount, Wienke, and
statistical mechanics suggest range 641 fsw min, downto 342 fsw min. In 200 fsw range, valueis near 530 fsw min, while for
shallow dives, valueis 600 fsmin.

Modification of these values will make the overall program more or less conservative as determined by
Longer or Shorter decompression times.

Copyright 1995, 1996, 1997, 1998, 1999, 2000 Abysmal Diving Inc. All rights reserved.
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Treat these settings with EXTREME care.
Your life dependsoniit.
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DEFAULTS—Physiology-Personal
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The Personal Defaults screen allows you to describe yourself in a generalized format to Abyss. Thisinformationis
used in altering the base equations of the decompression modelsin Abyss. The score on this pageis used to fine tune the
Abyss decompression model, rather than to make gross changesto it. Should you decide not to use this feature, simple desel ect
the Enable button on the bottom right of the screen.

1. Gender:
Areyou male or femae?

2. Smoker:
Areyou aregular smoker?

3. Age
What is your age group?

4. Physical Condition:
What isyour general overall physical condition in your personal opinion?

5. Body Fait:
What isyour weight relative to your height?

6. YearsDiving:
How many years have you been actively diving?

7. SKill Level:
What educational/experience level areyou at in your diving?

8.DCS:

Have you ever had aDCS hit, if so, how many times?

9. Cave:
Areyou Cavetrained, if so, to what degree?

10. Wreck:
Areyou Wreck trained, if so, to what degree?

11. Technical:
Have you taken a specialty technical Divetraining?

12. Score:
At the bottom right of the screen is ascore. This number will vary from 0-100. It represents your relative level of diver
fitness, 100 being totally fit (best condition of Body & Skills), 0 being totally unfit.

Copyright 1995, 1996, 1997, 1998, 1999, Abysmal Diving Inc. All rights reserved. rights
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DEFAULTS—Limits-PPO2

DEFAULTS: PPOZ Limits
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This screen controls the automated alarms Abyss uses to inform you of your current exposure to Oxygen. This screen
isdivided into five separate sections, each of which controls the Warning, Caution, Stop and your workload limits alarms that
are displayed during the creation of your dive profile.

1. Descent:
Allowsyouto set, in Partial Pressure of ATMs or BAR, the alarm values while descending.

2. Bottom:

Allowsyou to set, in Partial Pressure of ATMsor BAR, the alarm values while on the bottom, or for any waypoint
where you are neither ascending or descending.

3. Ascent:
Allowsyou to set, in Partial Pressure of ATMs or BAR, the alarm values during your ascent.

4. Decompression:
Allowsyou to set, in Partial Pressure of ATMsor BAR, the alarm values during your decompression stops.

5. Workload:

Allowsyou to set, in Partial Pressure of ATMsor BAR, the alarm values during the various types of workloads to
which you may be exposed.

Ex. While on the bottom at a depth of 100 feet your PPO2 is 1.35 and workload is Mild. If you had set your alarm values
for bottom at Caution 1.4, Warning 1.45, Stop 1.5 you would have not received aaarm for general PPO2 exposure, but if your
workload limits had been set to Resting 1.4, Mild 1.35, Moderate 1.3, Heavy 1.2, Extreme 1.1 then you would have received a
Workload Alarmfor exceeding your maximum PPO2 exposure while working.

Copyright 1995, 1996, 1997, 1998, 1999, Abysmal Diving Inc. All rights reserved. All 4
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DEFAULTS—Physiology RMV
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The Respiratory Minute V olume screen is made up of two primary components, your RMV and your Workload
Modifiers.

1. Respiratory Minute Volume:
Thisis your known and measured breathing rate, (while at rest & on the surface), expressed in either Cubic Feet per
minute or Liters per minute.

Note: Your RMV is NOT your SACrate!

2. Full Face Mask:
Do you regularly wear afull face mask as opposed to a Bite-On regulator? Thisinformation is used in computing your
anticipated gas consumption.

3. Underwater Communications:
Do you regularly use an underwater communications device, either with afull face mask or without. Thisinformation is

used in computing your anticipated gas consumption.

4. Workload Modifier :

Allowsyou to “Fine Tune” your individual breathing patternsinto ABY SS’ gas consumption calculations. The
Workload Modifier takes your RMV and multipliesit by the attached factor to compensate for increased breathing from
increased work. By selecting a percentage modification to each of the different settings, you can more accurately reproduce
your actual breathing volumes. Ranges are plus 10, 25, 50, 75, 100, 125, 150, 175 or 200%, and minus 10, 25, 50 or 75%.

Rest/Normal, finning with little effort, or hanging on decompression.
Mild, finning with some effort, more* active” diving.

M oderate, finning against a current, some exertion.

Heavy, finning hard, working while diving.

Extreme, finning as hard as you can, heavy breathing.

Copyright 1995, 1996, 1997, 1998, 1999, Abysmal Diving Inc. All rights reserved. All
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DEFAULTS—Physiological-Thermal
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The Thermal Defaults allow you to give Abyss a detailed description of the thermal protection that you will be using
onyour dive, aswell as offer some basic information about how you cool when in water. Thisinformation will be usedin
modifying the basic decompression equationsin Abyss. . The score on this page is used to fine tune the Abyss decompression
model, not to make gross changesto it. Should you decide you don't desire to use this feature, simply deselect the Enable
button on the bottom right corner of the screen.

1. Diving Suit:
In general, which of these best describes the diving suit you normally wear.

2. Drysuit Underwear :
If you use adrysuit, which of these best describes the insulation you normally wear.

3. Gloves:
What type of glove do you wear?.

4. Hood:
What type of hood do you wear?.

5. Supplemental:
If you use any supplemental source of heat or insulation, what kind isit?

M ore than one answer may be selected for thisfield.

6. Coaling:
Relative to other divers, how rapidly do you get cold while in the water?

7. Default Water Temp:
What is the water temperature that you want Abyss to use as a default on the New Waypoint screens?

8. Score:
At the bottom right of the screen isascore. This number will vary from 0-100. It represents your relative level of thermal
insulation. 100 being totally insulated (for all practical purposes), 0 being bare skinned in the water.

Copyright 1995, 1996, 1997, 1998, 1999, Abysmal Diving Inc. All rights reserved. All
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DEFAULTS—Physiological-Work Load
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The Workload Defaults allow you to specify your normal level of activity during the four various phases of your dive.

Rest, finning with little effort, or hanging on decompression.
Mild, finning with some effort, more * active” diving.

Moder ate, finning against a current, some exertion.

Heavy, finning hard, working while diving.

Very Heavy, finning very hard, working hard while diving.
Extreme, finning as hard as you can, maximum breathing

1. Descent:
What isyou normal level of exertion to get to the bottom?

2.Bottom:
What isyour normal level of exertion during the working phase of your dive?

3.Ascent:
What is your normal level of exertion during your ascent?

4. Decompr ession:
What isyour normal level of exertion during decompression?

5. Thermal Booster:
Based upon your workload Abyss will add this number of degreesto the water temperature to compensate for the
additional thermal energy you are generating from your work. Thisincrease will effect the decompression model.

6. Halftime M odifier:
Based upon your workload, Abysswill alter ALL compartmental halftimes to account for changesin the rate of
ongassing and offgassing as aresult of your increased workload.

Workload Thermal Booster Half-time Modifiers
Ongassing Offgassing
Resting +0 HT = 100% of original value HT = 100% of original value
Mild +2F/1.1C HT = 100% of original value HT =95% of original value
Moderate +5F/2.86C HT =90% of origina valueHT = 110% of original value
Heavy +15F/8.3C HT = 75% of origina valueHT = 125% of original value
Very Heavy +20F/11.1C HT = 62% of original valueHT = 138% of original value
Extreme +25F/13.8C HT =50% of original valueHT = 150% of original value
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HELP--Using Abyss help
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The Abyss help system is composed of three primary sections designed to make using Abyss as easy as possible.

1. Screen Help Button:

Every screenin Abyss has a Help Button. By pressing this button the corresponding page of the Abyss manual will be
displayed to assist you with any difficulties.

2. Electronic Manual :

The entire contents of the printed Abyss manual are availableto you on-line as an electronic book. Thisis provided to
you in the same format as the manual itself for easy access.

3. Diving Technology and Definitions:

This section of the help system provides you with definitions of hundreds of hyperbaric and medical termsand in-
depth descriptions of important diving concepts.
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This section applies to Abyss Logbook Users Only.

LOGBOOKS--Overview

1. Basic Operations.

The concept behind these logsis the use of multiple separate "Pages". Each of these
pages are dedicated to a specific part of thelog. The"Dive Log" page isthe master page that
links al of the otherstogether and forms the front end of the logbook itself. Thisallowsyou to
use the same page again and again without ever having to re-enter the data.

Exp. Y ou have three dive buddies that you regularly dive with. Y ou enter all of the information
for these three buddies into the Buddy L og as three separate table entries. On the Dive Log
page (Master page of the divelogs) you can now select one of these three buddies anytime you
want with-out having to re-enter any of hisinformation. Y ou can select these pages in one of
two ways.

2. Creating anew Record.

On the right hand side of the Dive Buddy entry line on the Master page are two
buttons. One marked "B" and the other marked "Buddy". Clicking on the "B" will bring up a
listing of al the entriesin the buddy |og, to select abuddy and enter it on the Dive Log simply
double click onit. Clicking on the "Buddy" will open the Buddy Log itself and allow you to
edit its contents. These functions work the same for all of thelogs.

To create aNew entry in any of thelogs, simply open the desired log (by selecting it
from the menu bar Logs-xxx, or by clicking on its button) and then press the New Record Icon
(11th icon from the l€eft) or by selecting Record-New from the menu bar. Thiswill giveyou a
clean blank record waiting for you to fill in all of the details. When you are done editing it,
simply close the table, add another record, or press Record-Save and it will be saved
automatically.

All "ID" fields are filled in automatically by Abyss, and are sequential starting at 1.

Copyright 1995, 1996, 1997, 1998, 1999, Abysmal Diving Inc. All rights reserved. All
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This section applies to Abyss Logbook Users Only.

LOGBOOKS--Boat Log
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The Boat Log is designed to allow you to keep arecord of each different dive boat you have been on.

1. Boat Name, enter the new name of the boat or select the name of a previous boat you have dove on from the drop down
window.

2. Size, what is the length of the boat?
3.1D, Boat Log page entry number, thisidentifies this entry from all others, including other pages about the same boat.

1. General:
Boat Captain, enter the new name of the captain, or select the name of a captain of a previous dive you have been
on from the drop down window.
Docks At, enter the new port or dock that the boat normally operates out of or select a port/dock that you have
previously entered from the drop down window.
Destinations, enter alist of dive sites the boat commonly goes to.
General Comments, enter your overall feelings & general thoughts about this dive boat.

2. Services:
Yes/No check boxes, did the boat have any of these facilities available to you?

3. Conditions:
Pr ofessionalism, did the crew know what they were doing, were they skilled?
Cost, where was the cost as compared to other dive boats?
Boat Facilities, how many facilities did the boat offer you as adiver?
General Condition, what was the overall upkeep of the boat?
Charter Type, isthis boat for single day (overnight) or multi-day trips?
Boat Type, what kind of avessel isthis?
Equipment, what is the quality of the boats equipment?
Speed, what isthe general speed thisvessel travels at?
Food Quality, what was the overall quality of food?
Number of divers, how many people does this boat carry?
Fill Pressure, what isthe maximum fill pressure offered onboard?
Extended, what is the maximum range this boat travels?
Sleeping Accommodations, what bunking is available?
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This section applies to Abyss Logbook Users Only.

LOGBOOKS--Buddy Log

- Bty Lag =
L —— o |1 i
Addiies | Ganeral | |

ANHIEEE | (A0S Odnil Placs, Sete G

CitgfTrwn  Egmldinn
SHIBPHAARE | Coanrnas
DOy 15
Bzt Codu g ap)
Emungaicy Tluphis:
CORInE | Cane Pt Homs | 3% 50
Fhose o pn-r7m Mok | g
E-himit Bola {17560
canoiabyrmal Com Enx | 33538200
[+]
- [=

The Buddy Log is designed to allow you to keep arecord of all of your dive partners and contains general information
fields to help you accomplish that.

1. Name.
Enter your dive buddy’ s full name.

2. 1D, Buddy L og page entry number, thisidentifies this entry from all others, including other pages about the same buddy.

Address Tab:
Address. Enter your dive buddy’ s home street address.
City. Enter your dive buddy’ s home town or city.
Province. Enter your dive buddy’ s state or province of residence.
Country. Enter your dive buddy’s country of residence.
Postal Code. Enter your dive buddy’s zip or postal code.

Emergency Contact. Enter the name of the person to contact in the event of an emergency.

Emergency Phone#. Enter the phone number to be called in the event of an emergency.

Work Phone#. Enter your dive buddy’ s daytime phone number.
Home Phone#. Enter your dive buddy’ s evening phone number.

Mabile/Cellular #. Enter your dive buddy’s mobile or cellular phone number.

E-Mail. Enter your dive buddy’s e-mail account number.
General Tab:
Certification. Enter you dive buddy’ s training agency and level of certification.

General Information. Enter any additional information you want to keep track of.
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LOGBOOKS--Cave Log

"'| Capn Lag -l
| BysewHame [ampncmm w
[Lecuins | Ganan! |

Comwiey (s, I8 Cover IO

S P 0 sy

Loerlon |G e Aprieg s

Do | ot can of High

[ L p—rp—

R

PRI = R [ —
T T — (5]
Aivas o Coamiva®is | gong

W] -

1. System Name, What isthe common name of this cave system, or this specific section?

2. 1D, Cave Log page entry number, thisidentifies this entry from all others, including other pages about the same cave.

Location
Country, What country isthis cave located in?
State, What state or provinceisitin?
L ocation, What is the specific location of the cave system?
Directions, In general, how do you get to this cave?
Type, What kind of acaveisit?
GPS, What are the exact Global Positioning System coordinates?
Comments, General commentary on the cave.
Season Closed, If thiscaveis seasonally closed or regularly undiveable, when are those closures
Access, What restrictions are placed on access?
Access Comments, General comments on access problems or concerns.

General

Max_Known Penetration, What is the maximum known horizontal penetration?
Penetration, What was your penetration?

Ava. Vis, What is the average visibility?

Avag. Temp, What is the average temperature?

Water, What isthe water type in this cave system?

M ax known Depth, What is the maximum known vertical depth?

Max Depth, What was your depth?

Entrance Depth, What is the depth of the main entrance to the system?

Flow Direction, Isthisa Spring, siphon etc..?

Flow Rate, In general, what is the water volume moving in this system if any?
Route Taken, General comments on your route.

Jumps, Any jumps that you made.

Dry Gear Needed, What dry cave gear, if any, was required to make this dive?
Best Diving, When & Whereisthe best diving in this cave?
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LOGBOOKS--Dive Centers
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The Dive Center Log is designed to allow you to keep a permanent record of all dive centers and dive resorts you use
or visit. It contains several general information fields to help you record that information.

1. Store. What isthe name of the dive store or dive centre?
2.1D, Dive Center Log page entry number, thisidentifiesthis entry from all others, including others about the same store.
Address

Contact. Who do you normally do business with?

Owner/Staff. Who isthe owner or who isyour primary contact?

Address1 & 2. What isthe street address?

City. What city isit located in?

State/Province. What state or provinceis this shop located in?

Country. What country isitin?

Postal Code. What isthe Zip or Postal code?

Hours. What hoursisthisfacility open for business?

Phone Number. What is the business phone number including any area codes.

Fax Number. What is the business fax number including any area codes
Facilities

Boat Charters.

Fill Pressure. What isthe maximum fill pressure this store offers?

Notes. General notes about thisfacility.

Boat 1, 2, 3, 4. Boatsthat offer charters from this store. These are linksto the Boat Log.

General Information. Any general information you want to keep track of.

Copyright 1995, 1996, 1997, 1998, 1999, Abysmal Diving Inc. All rights reserved.
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LOGBOOKS--Dive Log
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The Dive Log isthe master log screen that allows you accessto all of the other logbook entries. From this screen you
can move to the Site, Boat, Gear, Buddy, & Dive Center logs. It also contains basic summary information about the dive.

1. DivelD, Thisisyour Dive Log page number.

2. Date, The date you made your dive.

3. Repn, Your repetitive group upon entering the water.

4. Rep Out, Y our repetitive group upon exiting the water.

Lookups
Boat, Buddy, Site, Store, Training Buttons, These are the master page link controls, that allow you to open to each
of the other Log Book pages.

S B.0O, T, R, arethelookup buttons that allow you to see the record contents of each of the linked tables.
By clicking on them you can quickly scan and select an individual record for linking.

Details

Time In, the time you began your dive.
Time Out, the time you exited the water, and ended your dive.
Bottom Time, thetime you consider yourself to have spent on the bottom.

Tech Note: Thisisnot a time that Abysstracksin the dive planner as there are multiple definitions of what bottom
time is supposed to be. Abyss tracks the actual time spent at every depth.

Deco Time, the total amount of time you spent in decompression.

Start & Ending Pressure, the pressure reading your SCUBA cylinder began with at the beginning of the dive and
ended with at the completion of the dive.

Water Temperature, the measured temperature of the water on the surface and at your average depth.

Visibility, the distance that you could see on the surface and at your average depth.

Conditions

Day / Night, Was it aday dive or anight dive?
Currents, What were the currents you encountered?
Seas, Were there any rough seas, and if so how strong?
Surge, Was there any surge, and if so how strong?
Weather, How was the weather?
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LOGBOOKS--Site Log
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The Dive Site Log is provided to you to record the basic information about the location of your dive. It consists of a
series of yes/no check boxes and multiple choices where you indicate which description best fits your dive.

1. Site, The common name of the dive site you visited.
2.1D, Dive Site Log page entry number, thisidentifiesthis entry from all others, including others about the same site.
Features

Dive From, what did you enter the water fronf?

Entry, if ashoredive, what did you haveto cross to enter the water?

Diveln, what body of water were you diving in?

Water Type, was this aseawater or afresh water dive?

Access, What restrictions to access are there to this dive site?

Ease of Dive, how would you rate the overall level of difficulty?

Max / Average Depth, what is the average and maximum depths at this site?

Facilities, what facilities did you find available?

Dive Type, what was the purpose of this dive, you may select more than one answer.

Cave, if there was acave at this site, you can establish alink to the Cave Log.

Wreck, if there was awreck at this site, you can establish alink to the Wreck Log
Info

Country, what country doesthis dive sitefall into?

Province, what state within that country isthe dive sitelocated in?

City/Town, what isthe closest City or Town to the dive site?

Directions, How do you get to thislocation?

General Info, your personal comments about this dive site.
Copyright 1995, 1996, 1997, 1998, 1999, Abysmal Diving Inc. All rights reserved.
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LOGBOOKS--Training Log
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The Dive Training Log provides you with a means to record any classes you have taken as a student.
1.ID, Dive Site Log page entry number, thisidentifiesthis entry from all others, including others about the same site.

2.Course
What was the title of the course?

3. Agency.
What was the certifying agency that sanctioned the course?

4. Indructor.
Who was theinstructor for the course?

5.1D Number.
What isthe instructor’s |D number?

6. Certification.
What isthe level of certification of the course instructor?

7.1D.

Training Log page entry number, thisidentifies this entry from al others, including others about the same course.

8. Began on.
Date this course started.

9. Completed On.
Date this course finished on.

10. New Cert #.
What is your new certification number from completing this course?

11. Notes.
What general thoughts do you have about this course?
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LOGBOOKS--Wreck Log
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1. Wreck Name, what is the common name of this shipwreck
2.1D, Wreck Log page entry number, thisidentifies this entry from all others, including others about the same wreck.

Location
Country, In the waters of which country doesit lay?
State/Province, which state or provinceisit in?
L ocation, What is the location in general terms?
Ocean / L ake Which Ocean or lake does it lay in?
Lat./Long, What isthe Latitude and L ongitude of the wreck?
Chart #, Which chart is used to locate this wreck?
GPS, What are the Global Positioning Satellite co-ordinates?
Directions, How would you find thiswreck if looking for it?

Details
Difficulty, Rate the general level of difficulty of diving on thiswreck.
Thermoclines, At what depth/s did you encounter a thermocline?
Ava. Vis, What was the average visibility for the entire wreck?
Bottom, What is the bottom made up of?
Aquatic Growth, What percent of the wreck is covered in growth?
Currents, Where there any currents on thiswreck?
Status, Isthis aprotected wreck?
Depths, List the depths of the major landmarks on the wreck.
Artifact recovery, is artifact recovery allowed?
Penetrable, can the wreck be penetrated?
Penetration comments, basic info about penetrating the wreck?

Satistics
Vessel Type, what kind of avessel was this?
Power, What wasiits primary source of power?
Made Of, What was it constructed of ?
Gross Tonnage, What was its gross tonnage of the ship?
Length, Overall length of the ship?
Beam, What was its Beam?
Lunched On, When wasit first launched?
Sank On, Onwhat date did it sink?
Builder, Who constructed this vessel ?
How Sunk, How was the ship sunk?
Condition, What is the current condition of the remains of the wreck?
Cargo, What was the cargo when the ship sank, and what is onboard now?
Hazards, What special hazards are associated with diving thiswreck?
Comments, General comments about this shipwreck?
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Deco Tables—Short & Long “gas reserves”
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The Deco Tables, Gas Reserves screen allows you to request Abyssto perform areview of your dive profile and
estimate what your likely gas volume requirements will be. Thisinformation is based upon avariety of the default screens
(Ascent/Descent, Decompression, J-Factor, Personal, RMV, Thermal, Workload) and the information you supply at each of the
dive waypoints.

1. Total Gas Consumed:
Abysswill predict the total volume of gasyou will breath on thisdivein CuFt or Liters.

2. Total Gas Consumed by individual gas:
Abysswill predict the total volume of each of your individual breathing gases.

Thisallows you to specify agas consumption/reserverule.
A.Noreserve.
Cal culate consumption based on no remaining gas reserves.
B. 1/10ths. 10% for penetration, 10% for exit, 80% remaining gas reserves.

C. 1/5ths. 20% for penetration, 20% for exit, 60% remaining gas reserves.

D. 1/4s. 25% for penetration, 25% for exit, 50% remaining gas reserves..
E. 1/3s. 33% for penetration, 33% for exit, 33% remaining gas reserves..
F. 1.5/4s. 37.5% for penetration, 37.5% for exit, 25% remaining gas reserves..

G. 1/2s. 40% for penetration, 40% for exit, 20% remaining gas reserves..

Copyright 1995, 1996, 1997, 1998, 1999, Abysmal Diving Inc. All rights reserved.
No portion of this manual may be copied without permission. This section Last Revised on

6
June 4" 1998 3



This section applies to All Versions.

Deco Tables—Short

ABYSS5-98, Advanced Pive Planning Software

This Short table printed for: Chris Parrett on June 16, 1998

Profile: AbyssT Template: Dafault
BTTEMTION: The fact that this tabke was gememated by ABYSS does mot guamndes freedos fow e possibillty of decompression sickiness. Civing @5 an fnberenty dangemes
activity that way mselt in iniwy or death. folbwing his Abyss diving podfie does nof asswe me hat Hwond be inred o filled. Cecospmssion, Ceep Chving, Cave B Miech

Permedation am the wre of Mized Gas while diving are exdreasly Fazamows aspects of an aleady dangemus aclivity.
Surface Altitude 0 ft,  Safety Altitude, 11,7706t Algorithm, Abyss 150
J-Factors: Depth = +0%, Bottom Time = +0%, N2 = +0%, He = +0%, Ne = +0%, Ar= +0%

Depth Time Run Gas & Percent Status
(ft} at Time 02% N2% He%
0. 0.0 21 79 0
50 5 5.3 21 74 0 Entered by user
B0 0 5.6 21 79 0 Default rate change
120 1] 6.1 21 74 1] Default rate change
180 0 6.7 21 79 0 Default rate change
240 0 7.0 21 74 0 Default rate change
250 5 127 21 73 0 Entered by user
250 0 127 21 74 0 Default rate change
180 0 131 21 79 0 Default rate change
80 0 140 2 79 0 Default rate change
B0 0 145 21 79 0 Default rate change
31 0 153 &0 50 0 Default decompression gas change
30 2 17.3 &0 a0 1] DECO
21 0 175 B0 20 0 Default decompression gas change
20 1] 17.5 B0 20 1] Default rate change
20 3 205  BO 20 1] DECO
1 0 21.0 100 1] 0 Default decompression gas change
10 1 25.0 100 0 1] DECO
0 21 74 0
DECO Stops. DIVE SUMMARY
Depth Time Run Gas & Percent Status Run Time 26 Minutes Deco Time Ghdin
{fi) at time 02% N2% He% CNE Clock 31.88% OTUs 3016
30 2 17.3 &0 a0 1] DECO Max PRO2 1.80 (Atrm) Min PPO 021 (Atrm)
20 3 2045 8O 20 1] DECO Max END 250,00 (ft) Max Workload  Mild
10 4 250 100 DECO RN 0.35 (CuFtM)  Max Depth 250.00 (ft)
Gas Consumption
Gas & Percent Volume
02% N2% He% (CuFt)
21 74 1] 3|5+ 192 Resermes Taotal Gas Consurned 44.09
50 a0 0 18+ 0.7 Reserves Required reserve Thirds
a0 20 0 19+ 09 Resemes Tatal Reserves 2205
100 20+ 1.0 Reserves Total Gas Required 66.14 {CuF1)
44.0+ 220
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Deco Tables—Bail-Out & Contingency Tables
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The Bail-Out screen allow you to specify in what manner you would like your contingency tables to be generated.

1. Calculate Contingency Tablesfor :
A. For thenext greater time exposure.
Creates a series of tables based upon the time increment you specify.
Exp. Diveisto 100ft for 100 minutes, Increment is 10 minutes, Iterationis 3.
Abysswill create a series of tables for 100ft / 10 min, 100ft / 20 min, 100ft / 30 min

B. For the next greater depth exposure.
Creates a series of tables based upon the depth increment you specify.
Exp. Diveisto 100ft for 100 minutes, Increment is 10 feet, Iterationis 3.
Abysswill create aseries of tablesfor 100ft / 10 min, 110ft / 10 min, 120ft / 10 min

C. For both the next greater depth and time.
Creates aFull series of tables based upon the time & depth increment you specify.
Exp. Diveisto 100ft for 100 minutes, Incrementis 10 feet & 10 minutes, Iterationis 3.
Abysswill create a series of tablesfor
100feet / 10 min, 100ft / 20 min, 100ft / 30 min
110feet / 10 min, 110ft / 20 min, 110ft / 30 min
120feet / 10 min, 120ft / 20 min, 120ft / 30 min

D. For Aborted Dive Schedule.
Creates a series of tables based upon a 25% & 50% fraction of your bottom time.
Exp. Diveisto 100ft for 100 minutes.
Abysswill create a series of tablesfor 100ft / 25 min, 100ft / 50 min

2. Time Increment:
Instructs A byss as to the number of minutes for each table variation.

3. Depth Increment:
Instructs Abyss as to the number of units of depth for each table variation.

4. Use Positive AND Negative I ncr ements:
Instructs Abyss to calculate both the positive (+Depth) and (+Time) tables, aswell as the Negative (-Depth) and (-Time

Copyright 1995, 1996, 1997, 1998, 1999, Abysmal Diving Inc. All rights reserved.
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5. Contingency Waypoint.

This section applies to All Versions.

I nstructs Abyss from which waypoint to make the time/depth modificationsin order to generate the Bail-Out tables.

6. lterations.

The number of timesto use the Time or Depth increment.

Copyright 1995, 1996, 1997, 1998, 1999, Abysmal Diving Inc. All rights reserved.

Depth [Btm Total | AIR AIR AIR AIR AIR 100% | Total
{fsw} |Run Deco o2 Run
Time ﬂ Q @ ﬂ @ @ ﬂ @ @ m Time ChE
12 14 2 3 6 25
22 33 2 4 4 7 16 E7
180 32 57 3 4 6 7 13 24 |42
42 84 3 4 6 8 il 17 35 28
52 103 1 4 7 8 ki 14 23 46 157
12 13 1 2 3 7 27
22 37 1 3 3 5 8 17 &7
190 32 &5 2 3 4 7 8 14 27 |49
42 a5 1 4 5 6 10 12 19 38 {39
52 128 3 5 8 8 13 15 25 51 182 102
12 16 2 2 4 8 S0
22 4z 2 3 4 5 9 19 (313
200 32<< 72 1 2 4 5 7 9 15 29 | 106
42 107 3 4 6 7 1 13 21 42 157
52 132 2 3 9 9 14 17 27 56 85 113
12 18 1 2 2 4 9 3z
22 44 1 3 3 4 6 10 20 68
21032 =0 2 3 4 & 8 10 16 31 | 114
42 118 1 4 4 7 8 1 14 23 46 162
. B2 168 3 5 7 9 10 15 19 29 61 227 125
12 10 1 2 3 4 24
22 a9 2 3 3 5 7 10 22 fibw)
220 32 a0 1 2 4 5 6 8 M 18 34 | 123
42 139 3 4 5 8 8 13 15 25 50 sl 0
o B2 174 | 2 4 5 7 1 1 17 20 32 66 228 136
FROZ Warming T26 {10 1ad 128 1.2
Dive Motes: &Gas Maotes:
Cescent = 100 fswimin to Eottom Descent Travel Gas is Trimix 18 ¢ 20/ 62 to Bottom
Ascent = 50 fswmin to First Deco Bottom Gas is Trimix 18 720/ &2
Ascent = 20 fswimin from Cecoto Surface Ascent Gas s Trimix 18 7 20/ 62 to 100fsw
Decao Gas is Air at 100-80-80-70-60
Deco Gas is at 50-40-30
Deco Gas is at 20
Deco Gas is 100% O at 10

No portion of this manual may be copied without permission. This section Last Revised on
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File—Template General

This option allows you to group together an entire set of Defaults and save them as atemplate. Thisallows you to
create specific sets of default values for different types of diving. Y ou might have one set for warm water tropical diving and
another for cold water wreck diving. Once agroup has been saved it can be reloaded for use on anew dive profile. The template
is saved as part of the Dive Profile (*.DPD) aswell as a separate template (*.DPT) file. Thisallowsyouto load any dive profile
and the accompanying template will load automatically.

1. Saving a Template.
A. After having set all of your Default values, select “Save Template” from the bottom of the File menu.

B. Enter aunique name followed by the letters DPT (Dive Profile Template).
C. You may do thisfor as many separate sets of templates asyou desire.

D. If you have changed any of the defaults settings during your Abyss session, upon exiting Abyssyou will be asked
if you want to save changes. These changes will be saved to the current template you have loaded in Abyss.

2. Loading a Saved Template:
A. To use one of your saved templates select Load Template from the bottom of the File menu.

B. Select any of the saved templates and press the OK button.
C. Your current Defaults values are reset to match those of your saved template.

D. Once atemplate has been loaded it remains |oaded even after you have exited Abyss.

Copyright 1995, 1996, 1997, 1998, 1999, Abysmal Diving Inc. All rights reserved.
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File--Scaling
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1. Depth Scale:
The Depth Scale allows you to specify theincremental depth value of the dive profile window. By increasing thetic

value, you will increase the total viewable depth range on the dive planning window, but will lose resolution as the waypoints
become closer and closer. Conversely, decreasing the tic value will decrease the maximum viewable depth range, but increase
the resolution of the waypoints. In order to use this feature you must first disable the Scale-Auto option. Once you have
disabled the Scale-Auto function you may type in the value, or use your mouse to adjust the incremental value.

a. Unselect Scale-Auto.
b. Place your mouse pointer on the word FEET or METERS in the dive profile window.
c. Click the LEFT mouse button to DECREASEthe depth scale.
This causes the viewable resolution to decrease, but displays a greater range of depths.
d. Click the RIGHT mouse button to INCREASEthe depth scale, showing less minutes.
This causes the viewabl e resolution to increase, but displaysasmaller rangeof depths.

2. Time Scale:

The Time Scale allows you to specify the incremental time value of the dive profile window. By increasing the tic value,
you will increase the total viewable time range on the dive planning window, but will lose resol ution as the waypoints become
closer and closer. Conversely, decreasing the tic value will decrease the maximum viewabl e time range, but increase the
resol ution of the waypoints. Once you have disabled the Scale-Auto function you may type in the value, or use your mouse to
adjust the incremental value.

a. Unselect Scale-Auto.
b. Place your mouse pointer on the word MINUTES in the dive profile window.
c. Click the LEFT mouse button to DECREASEthe time scale.
This causes the viewable resolution to decrease, but displays alarger range of time.
d. Click the RIGHT mouse button to INCREASEthe time scale.
This causes the viewabl e resolution to increase, but displays a smaller range of time.

3. Scale:

Thisisthe control for therelative size of the tissue array barsin the splitter window. By varying the scale ratio you will
be able to increase or decrease the relative size of the tissue bars within the tissue array splitter window. Rangeis 1 to 1000, with
30 being the most commonly used.

4.Real Time:

Thiswill allow you to see the actual ongassing/offgassing taking place as Abyss calculatesit in real-time. Thiswill
slow Abyss down considerably, and will display values for 30sec timeincrements. If selected, this setting will be retained asa
default setting until desel ected.

Copyright 1995, 1996, 1997, 1998, 1999, Abysmal Diving Inc. All rights reserved.
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5. Descent/Ascent Calculation Interval:

The calculation interval is the number of feet between samples that Abyss takes during the descent and ascent
portions of your dive profile. This setting has NO effect on the cal cul ations done for time spent at depth, only for the travel to
and from depths. For best results the cal culation should be set to 1 for maximum accuracy, 1 sample per foot. The default setting
is10, 1 sample every 10 feet, and is set for maximum system performance. While running Abyss begin decreasing the calculation
interval in small steps until an acceptable performance rate is obtained. If changed, the new setting will be retained as a default
setting until deselected.

6. Calculation Interval of 1.

This setting offers you the maximum resol ution that Abyss can provide while sampling your ongasing and offgasing.
This also requires the most system resources and will tend to result in slower system operation.
Note: Thiswill result in the shortest and most accurate decompression times.

7. Calculation Interval of 10.

This setting offers you the best general resolution that Abyss can provide while sampling your ongasing and
offgasing. Thisrequires less system resources and will tend to result in average system operation.
Note: Thiswill result in average decompression times.
Thisisone of the few valuesin Abyss that ISNOT available in Metric Units. Our apologiesif this causes you any
inconvenience.

Tech Note: If, in order to achieve acceptable system performance you must run the Calc interval at 10, consider installing a
Math-Coprocessor in your system. You might also consider running your dive profiles at aCalc interval of 10 while working
on the dive profile, and then changing the Calc Interval to a lower setting for a better final result.
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TOOLS—CNS, END, Partial Pressure & OTUSs
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The CNS & OTU calculator isasimpletool that will allow you to quickly determine at which rate your CNS Clock is
ticking, and the rate of accumulation of OTUs.

1. Depth of Sea Water:
Enter the depth for which you would like to make the calculation.

2. Oxygen IS nar cotic?
Select whether Oxygen is considered Narcotic or Non-Narcotic for the END calculations.

3. Percentage of Gas:
What are the percentages of the gases (oxygen, nitrogen, helium, etc.) that you will be breathing, and desire to run the
calculation on?

4. Partial Pressure;
Your calculated partial Pressurein ATMsor BAR.
Abyss uses the following equation to determine Partial Pressures.
PPg=(Fg x (depthin feet/33 +1))
PPg=(Fg x (depth in meters/10 +1))

5.CNS Clock Tick:
Thisisthe percentage of CNS exposure you will accumulate for every one minute spent at this exposure level.

6. OTUs:
Thisisthe number of Oxygen Tolerance Unitsyou will acquire for every one minute spent at this exposure level.

7. Exposure:
Thisisthe estimated maximum time you could spend at this exposure level without exceeding either the CNS or OTU

limitations.

8. EAD:

Thisisyour Equivalent Air Depth. Thisfigureis useful when breathing a Nitrox gas mixture, and planning the dive as
though you were breathing Air on afixed table. It is provided solely for your convenience, and has no practical applicationin
Abyss.

Abyss uses the following simplified equation to determine EAD for this screen.
EAD=[((1.0-F02)/0.79)) x (Depth fsw + 33)]-33
EAD=[((1.0-F02)/0.79)) x (Depth m + 10)]-10

9. END:

Thisisyour Equivalent Narcotic Depth. As many divers base their bottom gas mix on the level of tolerable narcosis,
thisfigure gives you the equivalent narcotic depth of your breathing gas as compared to an Air mixture. Thusyou may be at a
depth of 220 feet on aTrimix, and your END may read shallower or deeper depending on the gases you have selected..

Tech Note: Oxygen is about twice as lipid soluble as nitrogen, so it should theoretically be twice as narcotic. A very limited,

controlled study suggests that oxygen is equipotent to nitrogen, and that the reason is possibly that much oxygen is bound to

Hb, and is metabolized in the tissues. The weakness of this assumption is that oxygen and nitrogen may not be equally
Copyright 1995, 1996, 1997, 1998, 1999, Abysmal Diving Inc. All rights reserved.
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narcotic across all ratios and at all depths Abyss uses the following relative narcotic values when computing your END.:
Helium= 0, Neon = 0.28, Hydrogen = 0.55, Nitrogen = 1.00, Oxygen = 1.00, Argon = 2.33

Copyright 1995, 1996, 1997, 1998, 1999, Abysmal Diving Inc. All rights reserved.
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TOOLS--Gas Mixing, Molecular Weight

TOOLS: Gas Mixing - Molecular Weight
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This Gas Mixing screen is designed to determine the weights of each gas you would need to add to a pressurized
cylinder to obtain a specific final composition. Gas Mixing by Molecular weight is not affected by the compressibility of the
gases, therate of fill, the order in which the gases are added or the rise in temperature inside of the cylinder that cause the other
mixing proceduresto have errors. Molecular mixing is by far the most accurate means available to obtain a specific gas mixture,
but it requires ahigh precision scale capable of 1 gram increments.

1. Cubic Feet or Liters:
Which unit of volume do you measure your cylinder capacity in?.

2.Current Cylinder Volume:
What is the current volume of gasin your cylinder, if empty (zero pressure) enter 0.7

3. Desired Volume:
What isthe desired final fill volume for your cylinder?

4. Current Mixture:

Wheat is the composition of the gas mixin this cylinder?
Enter the percentages of each gas.

5. Desired Mixture:

What is the desired composition of thefinal gas mix for this cylinder?
Enter the percentages of each gas.

6. Weight to Add:
Add these weights of each of these gasesto your cylinder to obtain your final desired mixture.

Copyright 1995, 1996, 1997, 1998, 1999, Abysmal Diving Inc. All rights reserved.
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TOOLS--Gas Mixing, Partial Pressure

TeaLs: Gas Misang - Partial Pressure
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This Gas Mixing screen is designed to determine the partial pressures of each gas you would need to add to a
pressurized cylinder to obtain a specific final composition. Gas Mixing by partial pressure is affected by the compressibility of
the gases, the rate of fill, the order in which the gases are added and the rise in temperature inside of the cylinder, Each of these
can cause this mixing procedure to have errors. Partial pressure mixing is by far the most common means used to obtain a
specific gas mixture.

1. PSl or BAR:
Which unit of pressure do you measure your cylinder in?.

2.Current Cylinder Pressure:
What isthe current pressure of gasin your cylinder, if empty (ambient pressure) enter 0.?

3. Desired Pressure:
What isthe desired final fill pressure for your cylinder?

4. Current Mixture:
What is the composition of the gas mix currently in this cylinder?
Enter the percentages of each gas.

5. Desired Mixture:
What is the desired composition of the final gas mix for this cylinder?
Enter the percentages of each gas.

6. Pressuresto Add:
Add these pressures of each of these gasesin this sequence to your cylinder to obtain your final desired mixture.

7. Top with Air or EANX:
Allows you to specify whether you want to top your cylinder with regular AIR or to use a banked Nitrox mixture to
achieve the required bal ance of Oxygen and Nitrogen to complete the mixing process.
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TOOLS--Units Conversions

=I-| TOOLS: Units Camversions
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The Units Conversionstool is provided to give you a fast means of determining equivalent gas pressures and depth
pressures.

1. Pressures:
Enter any known pressure, and all equivalents will be generated.
A. PSI, Pounds Per Square Inch.
B. ATM, Atmospheres.
C.BAR.

2. Depths:

Select Fresh or Salt water, then enter adepth in distance or pressure, and all equivalentswill be generated. It is
important to understand that these fields are based on conversions to and from hyperbaric pressure units and not from linear
measurements, thus there may be some conversions that appear strange. There are no agreed upon international conversion
factorsto go from Imperial Pressures to metric lengths or from Metric pressuresto Imperial lengths.

A. Feet

B. Meters

C. ATM, atmospheres
D.BAR,

E, PSI, Pounds Per Square inch

3. Temperatures:
Enter the temperature in either Fahrenheit or Celsius, and the matching conversion will be displayed.
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TOOLS--Volumes

= TOOLS: Volumes Calculator
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The Volumes calculator allows you to determine simple conversions from Cu.ft./cu. in./Liters, the effects of temperature
on pressure & volume, aswell as the effect of depth on volume. This screen uses |deal Gas laws for its calculations.

1. Volumes:
Enter any known volume, and all equival ents will be generated.

2. Congtant Volume-Starting Pressure:
What is the beginning pressure in your cylinder?

3. Congtant Volume-Starting Temp:
Wheat is the beginning temperature of your cylinder?

4. Congtant Volume-Ending Temp:
What is the ending temperature of your cylinder?

5. Constant Pressure-Starting Volume:
How much gasisin the cylinder to start with?

6. Constant Pressure-Starting Temp:
What is the beginning temperature of your cylinder?

7. Constant Pressure-Ending Temp:
What is the ending temperature of your cylinder?

8. Volumew/Depth-Starting Volume:
How much gasisin the cylinder to start with?

9. Volume w/Depth-Depth:
What depth do you want to make the calculation?
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No portion of this manual may be copied without permission. This section Last Revised on

7
June 4'™,1997 5



THIO QL LUUIT UPMIILI LU AT VLI DIVIND.

TROUBLE SHOOTING

Thisisalist of common errorsthat you may see while using Abyss.

Abyss stops at Registration screen:
Y our Demo or registration period has expired. Abyss has alimited amount of time or usesthat it allows while
unregistered. Once this period has elapsed you must register your copy of Abyssto continue using it.

Application Error: (Abyss has caused a General Protection Fault in module ABY SS.EXE.)
Abyss has generated afatal incompatibility with your system. Shut down your computer and reboot. If you are ableto
recreate theidentical error please call tech support.

Bad File Format:
Y our default template is corrupt. Resave your template and then reload it.

Ctl3dv2.dll not properly installed:

Thisfile controlsthe 3D look of many of the Abyss screens. This error indicates that during theinitial installation of
Abyssthisfile was not copied to your Windows/System sub-directory. Manually copy thisfile from the installation diskette to
your Windows/System sub-directory.

Exp. Copy a\ctl3dv2.dil c\windows\system

Floating Paint Error:
Abyss has attempted a mathematical operation that your computer cannot accomplish. Exit Abyss and then attempt the
operation again, if you get the same error call tech support.

Liability Screen cannot be displayed:
Thefile“Liabilit.dat” has been damaged or is missing from your A byss directory.

Liability screen will not proceed:
Y ou are not entering the same initials on each page of the release.

Missing Units:
Your C:\Windows\Abyss.ini file has become corrupted. Delete the file, and Abyss will recreate a new one.

Screen doesnot function:
Check the window heading (top of the screen) for the words,
“Thiswindow not supported in your version of Abyss” or
“Thiswindow is Inactivein version 1.4x of Abyss.”

Unsupported File Format:
Y ou have attempted to |oad an obsolete Dive Profile (*.DPD) or Template (*.DPT) file.

Your Decotime has exceeded 72 hours:
Abysswill not calculate any decompression schedule that requires more than 24 hours. Modify your dive profile and
attempt to surface again.

TECH NOTE

If you have an Application Error or a General Protection Fault, REBOOT YOUR COMPUTER!!.

DO NOT CONTINUE USING ABYSS!!

MSWindowsis NOT fault tolerant, and often corrupts its memory management, resulting in bizarre and totally unusable

Copyright 1995, 1996, 1997, 1998, 1999, Abysmal Diving Inc. All rights reserved.
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decompression schedules from Abyss
When in doubt, reboot the system, simply restarting Abyssis NOT sufficient! !
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TUTORIAL--Recreational Dive
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Thisisabrief tutorial to aguatint you with creating arecreational profilein Abyss, using all manual settings.
A sample of thisfile can be found in the Samples directory in your Abyss sub-directory as REC.DPD

1. From the menu bar select the Unitsicon, and choose either Metric or Imperial.

2. Open aNew Dive Profile Window by selecting File Newfrom the menu bar.

3. Enter your Surface Altitude, thisis zero (0) if you are at sealevel.

4. Select your Rate of Descent, thisisthe rate from the surface to your first waypoint.
5. Enter the Water Temperature.

6. Set your Workload to Resting,

7. IsthisaWreck or Cave penetration dive, select NO for recreational O/W diving.
8. Select Air asyour GasMix.

9. Click the OK button.

A new sub window called “Abyss 1” will now open. Maximize the size of thiswindow and then adjust the size of the
tissue array by dragging the mouse across the double line at the top of the tissue window until the mouse pointer changesto a
pair of horizontal lines. Hold down the left mouse button and drag the tissue window to a comfortable size. Click on the tissue
icon to activate “real-time” display of the tissue activity asit is occurring.

10. Create aNew Waypoint by clicking your mouse on the black portion of the screen at a depth of 50 feet (as seen along the
left-hand side of the screen).
Thiswill cause the New Stop Data window to open.

11. Set Current Depth to 50 feet.

12. Set Rate of Descent to 75 feet per minute.

13. Set Time at Depth to 50 minutes.

Set Water Temperature (this alows you to indicate that athermocline exists)

Copyright 1995, 1996, 1997, 1998, 1999, Abysmal Diving Inc. All rights reserved.
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14. Click the OK button.

15. Create aNew Waypoint at 35 feet.

16. Set Current Depth to 35 feet

17. Set Rate of Ascent to 75ft/min. (notice that the value is already entered from your previous entry or from your Defaults
settings)

18. Set Time at Depth to 15 minutes.

19. Set Water Temperature (this allows you to indicate that a thermocline exists)

20. Set your Workload (notice that the value is already entered from your previous entry or from your Defaults settings)
21.. Click the OK button.

22. Create aNew Waypoint at 20 feet.
23. Set Current Depth to 20 feet

24. Set Rate of Ascent to 75ft/min.
25. Set Time at Depth to 20 minutes.
26. Set Water Temperature

27. Set your Workload

28. Click the OK button.

29. Create aNew Waypoint at O feet by clicking the mouse along the white line at the zero depth mark.
30. Set Current Depth to O feet.
31. Click the OK button.

Congratulations, You have just completed your first dive profile.!!

32. With the mouse click on the waypoint at 50 feet. Thiswill cause the M odify Waypoint screen to open displaying additional
information about that point of your dive. Take amoment and look over all of the extrainformation you now have at your
disposal.

33. Push the Modify button.

34. you are now back in the New Stop Data window where you can change any of your previous setting.

35. Change your depth to 100 feet and time at depth to 75 minutes.

36 Click the OK button.

37. Abyss now displays the warning “Need to decompress before Ascending”.

38. Click OK and notice that Abyss creates some new Blue waypoints indicating required decompression stops.

Y ou have just modified your first dive profile.!!

Copyright 1995, 1996, 1997, 1998, 1999, Abysmal Diving Inc. All rights reserved.
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TUTORIAL--Technical Nitrox
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Thisisabrief tutorial to aguatint you with creating a Technical Nitrox profilein Abyss, using all manual settings.
A sample of thisfile can be found in the Samples directory in your Abyss sub-directory as TECHNTX.DPD

1. From the menu bar select the Unitsicon, and choose either Metric or Imperial.

2. Open aNew Dive Profile Window by selecting File Newfrom the menu bar.

3. Enter your Surface Altitude, thisis zero (0) if you are at sealevel.

4. Select your Rate of Descent, thisis the rate from the surface to your first waypoint.
5. Enter the Water Temperature.

6. Set your Workload to Resting,

7. IsthisaWreck or Cave penetration dive, select NO for recreational O/W diving.
8. Select Nitrox, EANXx 36 as your GasMix.

9. Click the OK button.

A new sub window called “Abyss 1” will now open. Maximize the size of thiswindow and then adjust the size of the
tissue array by dragging the mouse across the double line at the top of the tissue window until the mouse pointer changesto a
pair of horizontal lines. Hold down the left mouse button and drag the tissue window to a comfortable size. Click on the tissue
icon to activate “real-time” display of the tissue activity asit is occurring.

10. Create a New Waypoint by clicking your mouse on the black portion of the screen at a depth of 110 feet (as seen along the
left-hand side of the screen).

Thiswill cause the New Stop Data window to open.

11. Set Current Depth to 110 feet.

12. Set Rate of Descent to 75 feet per minute.

13. Set Time at Depth to 0.25 minutes.

Set Water Temperature (this alows you to indicate that athermocline exists)
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14. Select Air asyour GasMix.
15. Click the OK button.
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16. Create aNew Waypoint at 180 feet.

17. Set Current Depth to 180 feet

18. Set Rate of Ascent to 75ft/min. (notice that the value is already entered from your previous entry or from your Defaults
settings)

19. Set Time at Depth to 20 minutes.

20. Set Water Temperature (this allows you to indicate that athermocline exists)

21. Set your Workload (notice that the value is already entered from your previous entry or from your Defaults settings)
22.. Click the OK button.

23. Create aNew Waypaint at 110 feet.

24. Set Current Depth to 110 feet

25. Set Rate of Ascent to 75ft/min.

26. Set Time at Depth to 0.25 minutes.

27. Set Water Temperature

28. Set your Workload

29. Set gas mix to Nitrox EANX 36

30. Click the OK button.

31. Abyss now displaysthe warning “Need to decompress before Ascending”.

32. Click OK and notice that Abyss creates some new Blue waypoints indicating required decompression stops.

33. Create aNewWaypoint at 20 feet.

34. Set Current Depth to 20 feet.

35. Set Rate of Ascent to 20ft/min.

36. Set Time at Depth to 0.25 minutes.

37. Set Water Temperature

38. Set your Workload

39. Select Nitrox as your Gas Mix, and enter 80% Oxygen and 20% Nitrogen in the Gas Fractions field.

40. Click the OK button

41. Abyss again displays the warning “Need to decompress before Ascending”.

42. Click OK and notice that Abyss creates a new Blue waypoint indicating a required decompression stop.

43. Create aNew Waypoint at O feet by clicking the mouse along the white line at the zero depth mark.
44, Set Current Depth to O feet.
45. Click the OK button

Congratulations, You have just completed your first dive profile.!!

46. With the mouse click on the waypoint at 180 feet. Thiswill cause the M odify Waypoint screen to open displaying additional

information about that point of your dive. Take amoment and look over all of the extrainformation you now have at your
disposal.

47. Push the Modify button.

48. Y ou are now back in the New Stop Data window where you can change any of your previous settings.

49. Change your depth from 180 to 150 feet and time at depth from 20 to 15 minutes.

50 Click the OK button.

51. Abyss now steps you through each of the remaining waypoints..

Congratulations, you have just modified your first dive profile.!!
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TUTORIAL--Mixed Gas
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Thisisasimpletutorial to briefly aguatint you with creating a mixed gas profilein Abyss, using all manual settings.
A sample of thisfile can be found in the Samples directory in your Abyss sub-directory as MIX.DPD

1. From the menu bar select the Unitsicon, and choose either Metric or Imperial.

2. Open aNew Dive Profile Window by selecting File Newfrom the menu bar.

3. Enter your Surface Altitude, thisiszero (0) if you are at sealevel.

4. Select your Rate of Descent, thisisthe rate from the surface to your first waypoint.
5. Enter the Water Temperature.

6. Set your Workload to Resting,

7. 1sthisaWreck or Cave penetration dive, select NO for recreational O/W diving.
8. Select Air asyour GasMix.

9. Click the OK button.

A new sub window called “ Abyss 1” will nhow open. Maximize the size of thiswindow and then adjust the size of the
tissue array by dragging the mouse across the double line at the top of the tissue window until the mouse pointer changesto a
pair of horizontal lines. Hold down the left mouse button and drag the tissue window to a comfortable size. Click on the tissue
icon to activate “real-time” display of the tissue activity asit is occurring.

10. Create aNew Waypoint by clicking your mouse on the black portion of the screen at a depth of 110 feet (as seen along the
left-hand side of the screen).
Thiswill cause the New Stop Data window to open.

11. Set Current Depth to 160 feet.

12. Set Rate of Descent to 75 feet per minute.

13. Set Time at Depth to 0.1 minutes.

14. Set Water Temperature (this allows you to indicate that athermocline exists)

15 Click the OK button.

16. Select Tri-mix as your GasMix, and define as 10% 02, 40% Helium, 50% Nitrogen in the Gas Percentagesfield.
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17. Create aNew Waypoint at 325 feet.

18. Set Current Depth to 325 feet

19. Set Rate of Ascent to 75ft/min. (notice that the value is already entered from your previous entry or from your Defaults
settings)

20. Set Time at Depth to 15 minutes.

21. Set Water Temperature (thisalows you to indicate that athermocline exists)

22. Set your Workload (notice that the value is already entered from your previous entry or from your Defaults settings)
23.. Click the OK button.

24. Create aNew Waypaint at 215 feet.
25. Set Current Depth to 215 feet

26. Set Rate of Ascent to 75ft/min.

27. Set Time at Depth to 0.1 minutes.
28. Set Water Temperature

29. Set your Workload

30. Select Air asyour GasMix.

31. Click the OK button.

32. Create aNew Waypaint at 110 feet.

33. Set Current Depth to 110 feet

34. Set Rate of Ascent to 75ft/min.

35. Set Time at Depth to 0.1 minutes.

36. Set Water Temperature

37. Set your Workload

38. Select Nitrox , EANX36 as your Gas Mix.

40. Click the OK button.

41. Abyss now displays the warning “Need to decompress before Ascending”.

42. Click OK and notice that Abyss creates some new Blue waypoints indicating required decompression stops.

43. Create aNew Waypoint at 20 feet.

44, Set Current Depth to 20 feet.

45. Set Rate of Ascent to 20ft/min.

46. Set Time at Depth to 0.1 minutes.

47. Set Water Temperature

48. Set your Workload

49. Select Nitrox 80/20 asyour GasMix.

50. Click the OK button

51. Abyss again displays the warning “Need to deconpress before Ascending”.

52. Click OK and notice that Abyss creates a new Blue waypoint indicating arequired decompression stop.

53. Create aNew Waypaint at 0 feet by clicking the mouse along the white line at the zero depth mark.
54. Set Current Depth to O feet.
55. Click the OK button

Congratulations, You have just completed your first dive profile.!!

56. With the mouse click on the waypoint at 375 feet. Thiswill cause the Modify Waypoint screen to open displaying additional
information about that point of your dive. Take amoment and look over all of the extrainformation you now have at your
disposal.

Notice your END, CNS Clock and OTUs values.

57. Push the Modify button.

58. Y ou are now back in the New Stop Data window where you can change any of your previous settings.

59. Change your depth from 375 to 275 feet and time at depth from 15 to 10 minutes.

60. Click the OK button.

61. Abyss now steps you through each of the remaining waypoints..

62. Click on the waypoint at 275 feet and notice the difference in your END/CNS/OTUSs.
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Congratulations, you have just modified your first dive profile.!!
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Appendix, International Technical Support

Australia,

Cochran Australasia Pty Ltd.

Phone (+61) 09- 527-7667, Fax: (+61) 09-527-5892
CIS: 100245,2276

Audtria, Germany, Switzerland, Datech.
Te/Fax (+49)-(0) 711-350041,
Internet: 73323.1341@CompuServe.Com

Canada, T.D.l. Canada.
Telephone: 705-687-9226 Fax: 705-687-8251
Internet: norri son@ di canada. com

France, Technodive+.
Té : +(33) [0]1493 14 05 37 Fax : +(33) [0]493 14 66 89
Internet : mikeb@rivierafr

Greece, Greek Diving Center T.D.I. Greece
Telephone (+301)-41.21.708 Fax (+301)-41.19.207
Internet: ar gyri s@th. fort hnet. gr

Contact Name: Nick M. Tsikas

Italy, H due O Diving Activities.
Telephone: 0331/79.98.79 Fax: 0331/78.48.27
Internet: hdueo@r ead. i t

Poland, Technika Podwodna.
Telephone (+48) 22-338-521 Fax: (+48) 22-332-441

Portugal, TDI Portugal.
Telefone 0963-427193
Internet: nop20146@rai | . t el epac. pt

SingaporeMalaysia, Thailand, Indonesia, TDI Asia Pte Ltd.
Tel:65 3924905/6 Fax:65 3924903
E-mail: tdiasia@pacific.net.sg http://home.pacific.net.sg/~tdiasia

South America, Tech Diving.
Td./Fax: [55](21)567-2557
Intenet: techdive@embratel.net.br

South Africa, Edwards Undersea Technologies.
Phone: (+27 82)-492-4612 Fax: (+27 11) 444-9097
Internet: edwar ds@ebo. co. za,

Spain, TDI IbéricaS.L.
Phone: +34-(9)3-205.36.71, FAX: +34-(9)3-205.36.71
Internet: vi ct or thg@i gf oot . com
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Article: Reduced Gradient Bubble Model
Abyssincor porates RGBM

Dr. Bruce Wienke, Director of the Computation Testbed for Industry, Advanced Computing Laboratory at Los Alamos
National Laboratory, and the creator of the RGBM (Reduced Gradient Bubble Model) has joined the Abysmal Diving team. Dr.
Wienkewill be assisting usin the implementation of his latest decompression model into Abyss.

This means that Abysswill bethefirst and only product in the world with afully operational Bubble Mechanics model.

1. Thiswill allow Abyssto more effectively handle Technical Repetitive decompression diving!!! (not asmall issuein itself!!)
2. Divesin which the following dive is deeper than thefirst. (areal potential problem area).

3. Thiswill also allow Abyssto run active tracking, in real time, of actual bubble growth based upon his published and
proprietary unpublished research.

RGBM/ABY SS Implementation

The Reduced Gradient Bubble Model (RGBM) isadual phase (dissolved and free gas) algorithm for diving
calculations. Incorporating and coupling historical Haldanian dissolved gas transport with bubble excitation and growth, the
RGBM extends the range of computational applicability of traditional methods. The RGBM is correlated with diving and
exposure data on more complete physical principles. Muchis new in the RGBM agorithm, and troublesome multidiving profiles
with higher incidence of DCS are atarget here. Some highlighted extensions for the ABY SS implementation of the Buhlmann
basic algorithm include:

1. Standard Buhlmainiann nonstop time limits;

2. Restricted repetitive exposures, particularly beyond 100 ft, based on reduction in permissible bubble diffusion gradients
within 2 hr time spans;

3. Restricted yo-yo and spike (multiple ascents and descents) dives based on excitation of new bubble seeds;
4. Restricted deeper-than-previous divers based on excitation of very small bubble seeds over 2 hr time spans:
5. Restricted multiday diving based on adaptation and regrowth of new bubble seeds;

6. Smooth coal escence of bounce and saturation limit points using 32 tissue compartments;

7. Consistent treatment of altitude diving, with proper zero point extrapolation of limiting tensions and permissible bubble
gradients (through zero as pressure approaches zero);

8. Algorithm linked to diving data (tests), Doppler bubble, and laboratory micronucle experiments;

9. Overadl, parametersin RGBM/ABY SS are conservative, but flexible and easy to change or fit to new data.

What’sin storefor the future?

Quoting from Dr. Bruce Wienke...” The ultimate computational algorithm, coupling nucleation, dissolved gas uptake
and elimination, bubble growth and collisional coalescence, and critical sites, would be very, very complicated, requiring
supercomputers such as CRAY Sor their massively parallel cousins CMsfor three dimensional modeling. Stochastic Monte
Carlo methods and sampling techniques exist which could generate and stabilize nuclei from the thermodynamic functions, such
as Gibbs or Helmholtz free energy, transport dissolved gasin flowing blood to appropriate sites, inflate, deflate, move, and
collide bubbles and nuclei, and then tally statistics on tensions, bubble size and number, inflation and coal escence rate, free
phase volume, and any other meaningful parameter, all in necessary geometrics.”
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Such types of simulations of similarly complicated problems last for 16-32 hours at the Los Alimos L aboratories, on
lightning fast supercomputers with near Gigaflop speed (1billion floating point operations per second)
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Article: Decompression Theory
INTRODUCTION

Modeling of decompression phenomenain the human body is, at times, more of an artform than a science. Some take
the view that deterministic modeling can only be fortuitous. technol ogical advance, elucidation of competing mechanisms, and
resolution of model issues over the past 80 years has not been rapid. Model applications tend to be ad hoc, tied to datafits, and
difficult to quantify on first principles. AlImost any description of decompression processesin tissue and blood can be disputed,
and turned around on itself. The fact the decompression takes place in metabolic and perfused matter makesit difficult to design
and analyze experiments outside living matter. Y et, for application to safe diving, we need models to build tables and meters.
And deterministic models, not discounting shortcomings, are the subject of this discourse.

MODERN DIVING

A consensus of opinions, and for avariety of reasons, suggests that modern diving began in the early 1960s.
Technological achievements, |aboratory programs, military priorities, safety concerns, commercial diving requirements, and
international business spurred diving activity and scope of operation. Diving bells, hot water heating, mixed gases, saturation,
deep diving, expanded wet testing, computers, and efficient decompression algorithms signaled the modern diving era.
Equipment advances in open and closed circuit breathing devices, wet and dry suits, gear weight, mask and fin design, high
pressure compressors, flotation and buoyancy control vests, communications links, gauges and meters, lights, underwater tools
(cutting, welding, drilling, explosives), surface supplied air, and photographic systems paced technological advances. Training
and certification requirements for divers, in military, commercial, sport, and scientific sectors, took definition with growing
concern for underwater safety and well being.

In the conquest and exploration of the oceans, saturation diving gained prominencein the 1960s, permitting
exploitation of the continental shelf impossible with the short exposure times allowed by conventional diving. Spurred by both
industrial and military interestsin the ability of men to work underwater for long periods of time, notable habitat experiments,
such as Sealab, Conshelf, Man In Sea, Gulf Task, Tektite, and Diogene, demonstrated the feasibility of living and working
underwater for long periods of time. These efforts followed proof of principle validation, by Bond and coworkers (USN) in 1958,
of saturation diving. Saturation exposure programs and tests have been conducted from 35 fsw to 2,000 fsw.

The development and use of underwater support platforms, such as habitats, bell diving systems, lockout and free
flooded submersibles, and diver propulsion units also accelerated in the 1960s and 1970s, for reasons of science and economics.
Support platforms extended both diver usefulness and bottom time, by permitting him to live underwater, reducing descent and
ascent time, expanding mobility, and lessening physical activity. Today, themselves operating from underwater platforms,
remotely operated vehicles (ROV s) scan the ocean depths at 6,000 fsw for minerals and oil.

Around 1972, strategies for diving in excess of 1,000 fsw received serious scrutiny, driven by acommercial quest for oil
and petroleum products, and the needs of the commercial diving industry to service that quest. Questions concerning
pharmacological additives, absolute pressure limits, thermal exchange, therapy, compression-decompression procedures,
effective combinations of mixed breathing gases, and equipment functionality addressed many fundamental issues, unknown or
only partially understood. By the early 1980s, it became clear that open seawater work in the 1,000 to 2,000 fsw range was
entirely practical, and many of the problems, at least from an operational point of view, could be solved. Today, the need for
continued deep diving remains, with demands that cannot be answered with remote, or 1 atm, diver systems. Heliox and trimix
have become standards for deep excursion breathing gases, with heliox the choice for shallower exposures, and trimix the choice
for deeper exposuresin the field.

Y et, despite tremendous advances in deep diving technology, most of the ocean floor is outside human reach.
Breathing mixtures that are compressible are limiting. Breathing mixtures that are not compressible offer interesting alternatives.
In the 1960s, serious attention was given to liquid breathing mixtures, physiological saline solutions. Actingas inert respiratory
gas diluents, oxygenated fluids have been used as breathing mixtures, thereby eliminating decompression requirements.
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MODELS

Most believe that the pathophysiology of decompression sickness syndrome follows formation of a gas phase after
decompression. Y et, the physiological evolution of the gas phase is poorly understood. Bubble detection technology has
established that moving and stationary bubbles do occur following decompression, that the risk of decompression sickness
increases with the magnitude of detected bubbles, that symptomless, or silent, bubbles are also common following
decompression, and that the variability in gas phase formation islikely less than the variability in symptom generation. Taken
together, gas phase formation is not only important to the understanding of decompression sickness, but isalso acrucial
model element in theory and computation.

Bubbles can form in tissue and blood when ambient pressure drops bel ow tissue tensions, according to dissolved-free
phase mechanics. Trying to track free and dissolved gas buildup and elimination in tissue and blood, especially their interplay,
is extremely complex, beyond the capabilities of even supercomputers. But safe computational prescriptions are necessary in the
formulation of dive tables and digital meter algorithms. The simplest way to stage decompression, following extended exposures
to high pressure with commensurate dissolved gas buildup, isto limit tissue tensions. Historically, Haldane first employed the
approach, and it persists today in modified form.

History

Tables and schedules for diving at sealevel can be traced to amodel proposed in 1908 by the eminent English
physiologist, John Scott Haldane. He observed that goats, saturated to depths of 165 feet of seawater (fsw), did not develop
decompression sickness (DCS) if subsequent decompression was limited to half the ambient pressure. Extrapolating to humans,
researchers reckoned that tissues tolerate elevated dissolved gas pressures (tensions), greater than ambient by factors of two,
before the onset of symptoms. Haldane then constructed schedules which limited the critical supersaturation ratio to twoin
hypothetical tissue compartments. Tissue compartments were characterized by their halftime, tau. Haftimeisalso termed half-
life when linked to exponential processes, such as radioactive decay. Five compartments (5, 10, 20, 40, 75 minutes) were
employed in decompression calculations and staged procedures for fifty years.

Some years following, in performing deep diving and expanding existing table ranges in the 1930s, US Navy
investigators assigned separate limiting tensions (M -values) to each tissue compartment. Later inthe 1950s and early 1960s,
other US Navy investigators, in addressing repetitive exposures for the first time, advocated the use of six tissues (5, 10, 20, 40,
80, 120 minutes) in constructing decompression schedules, with each tissue compartment again possessing its own limiting
tension. Temporal uptake and elimination of inert gas was based on mechanics addressing only the macroscopic aspects of gas
exchange between blood and tissue. Exact bubble production mechanisms, interplay of free and dissolved gas phases, and
related transport phenomenawere not quantified, since they were neither known nor understood. Today, we know much more
about dissolved and free phase dynamics, bubbles, and transport mechanisms, but still rely heavily on the Haldane model.
Inertiaand simplicity tend to sustain its popularity and use, and it has been aworkhorse.

To maximize the rate of uptake or elimination of dissolved gases, the gradient, simply the difference between arterial
and tissue tension, is maximized by pulling the diver as close to the surface as possible. Exposures are limited by requiring that
the tissue tensions, never exceed limits (called M -values), for instance, written for each compartment in the US Navy approach
(5, 10, 20, 40, 80, and 120 minute tissue halftimes, tau,asM =M sub 0 + DELTA M d, with, M sub 0 = 152.7 tau sup-1/4, and,
DELTA M =3.25tau sup-1/4, asafunction of depth, d, for DELTA M the change per unit depth. Obviously, M, islargest for
fast tissue compartments ( tau small), and smallest for slow tissue compartments ( tau large). Fast compartments control short
deep excursions, while slow compartments control long shallow excursions. Surfacing values, M sub 0, are principal concerns
in nonstop diving, while values at depth, DELTA M d, concern decompression diving. In both cases, the staging regimen tries
to pull the diver as close to the surface as possible, in as short atime as possible. By contrast, free phase (bubble€) elimination
gradients, as seen, increase with depth, directly opposite to dissolved gas elimination gradients which decrease with depth. In
actuality, decompression is a playoff between dissolved gas buildup and free phase growth, tempered by body ability to
eliminate both. But dissolved gas models cannot handle both, so there are problems when extrapolating outside tested ranges.

In absol ute pressure units, the corresponding critical gradient, G = Q - P, isrelated to ambient pressure, P, and critical
nitrogen pressure, M, with, Q = 1.27 M. In bubble theories, supersaturation is limited by the critical gradient, G. In
decompressed gel experiments, Strauss suggested that G approx. 20 fsw at ambient pressures less than afew atmospheres.
Other studies suggest, 14 <= G <= 30 fsw, asarange of critical gradients (G-values). In diffusion-dominated approaches, the
tissue tension can be limited by asingle, pressure criterion, such as, M =709 P/ P+ 404 .
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Blood rich, well-perfused, aqueous tissues are usually thought to be fast (small tau ), while blood poor, scarcely -
perfused, lipid tissues are thought to be slow (large tau ), though the spectrum of halftimesis not correlated with actual
perfusion ratesin critical tissues. As reflected in relationship above, critical parameters are obviously larger for faster tissues.
The range of variation with compartment and depth is not insignificant. Fast compartments control short deep exposures, while
slow compartments control long shallow, decompression, and saturation exposures.

Bulk Diffusion Model

Diffusion limited gas exchange is modeled in time by a sum of exponential response functions, bounded by arterial and
initial tissue tensions. However, instead of many tissue compartments, a single bulk tissue is assumed for calculations,
characterized by a gas diffusion constant, D. Tissueis separated into intravascular (blood) and extravascular (cells) regions.
Blood containing dissolved inert and metabolic gases passes through the intravascular zone, providing initial and boundary
conditions for subsequent gas diffusion into the extravascular zone. Diffusion is driven by the difference between arterial and
tissue tensions, according to the strength of asingle diffusion coefficient, D, appropriate to the media. Diffusion solutions,
averaged over the tissue domain, resemble a weighted sum over effective tissue compartments with time constants, alpha sub
2n-1 sup 2 D, determined by diffusivity and boundary conditions, with alphasub 2n-1=(2n- 1) pi /| for tissue thickness, I.

Applicationsfit thetime constant, K = pi sup2 D /| sup 2, to exposure data, with atypical value employed by the
Royal Navy given by, K =0.007928 min sup-1 , approximating the US Navy 120 minute compartment used to control saturation,
decompression, and repetitive diving. Corresponding critical tensionsin the bulk model, M =709 P/ P+ 404 , fall somewhere
between fixed gradient and multitissue values. At the surface, M = 53 fsw, while at 200 fsw, M =259 fsw. A critical gradient, G =
P(493-P)/(P+404), asoderivesfrom the above. Originally, acritical gradient, G, near 30 fsw was used to limit exposures.
Such value istoo conservative for deep and bounce exposures, and not conservative enough for shallow exposures.
Hempleman introduced the above relationship, providing the means to parameterize bounce and saturation diving.

Bulk models are attractive because they permit the whole dive profile to be modeled with one equation, and because
they predict at sup 1/2 behavior of gas uptake and elimination. Nonstop time limits, t sub n, arerelated to depth, d, by the bulk
diffusion relationship, d t sub n sup 1/2 = C, with approximate range, 400 <= C <= 500 fsw min sup 1/2, linking nonstop time and
depth simply through the value of C. For the US Navy nonstop limits, C approx. 500 fsw min sup /2, while for the Spencer
reduced limits, C approx. 465 fsw minsup 1/2. Inthe Wienke-Y ount model, C approx. 400 fsw min sup 1/2..

Multitissue M odel

Multitissue models, variations of the original Haldane model, assume that dissolved gas exchange, controlled by blood
flow across regions of varying concentration, is driven by the local gradient, that is, the difference between the arterial blood
tension and the instantaneous tissue tension. Tissue response is modeled by exponential functions, bounded by arterial and
initial tensions, and perfusion constants, lambda, linked to the tissue halftimes, tau, for instance, 1, 2, 5, 10, 20, 40, 80, 120, 180,
240, 360, 480, and 720 minute compartments assumed to be independent of pressure.

In aseries of dives or multiple stages, initial and arterial tensions represent extremes for each stage, or more precisely,
theinitial tension and the arterial tension at the beginning of the next stage. Stages are treated sequentially, with finishing
tensions at one step representing initial tensions for the next step, and so on. To maximize the rate of uptake or elimination of
dissolved gases the gradient, simply the difference between arterial and tissue tensionsis maximized by pulling the diver as
close to the surface as possible. Exposures are limited by requiring that the tissue tensions never exceed M =M sub 0 + DELTA
M d, asafunction of depth, d, for DELTA M the change per unit depth. A set of M sub 0 and DELTA M arelistedin Table 1.

At altitude, some critical tensions have been correlated with actual testing, in which case, an effective depth, d = P - 33,
isreferenced to the absol ute pressure, P, with surface pressure, P sub h =33 exp. (-0.0381 h), at elevation, h, and hin multiples
of 1,000 ft. However, in those cases where critical tensions have not been tested, nor extended, to altitude, an exponentially
decreasing extrapolation scheme, called similarity, has been employed. Extrapolations of critical tensions, below P = 33 fsw, then
fall off more rapidly then in the linear case. A similarity extrapolation holdstheratio, R = M/P, constant at altitude. Estimating
minimum surface tension pressure of bubbles near 10 fsw, asalimit point, the similarity extrapolation might be limited to 10,000 ft
inelevation, and neither for decompression nor heavy repetitive diving.
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Models of dissolved gas transport and coupled bubble formation are not complete, and all need correlation with
experiment and wet testing. Extensions of basic (perfusion and diffusion) models can redress some of the difficulties and
deficiencies, both in theory and application. Concerns about microbubbles in the blood impacting gas elimination, geometry of
the tissue region with respect to gas exchange, penetration depths for gas diffusion, nerve deformation trigger pointsfor pain,
gas uptake and elimination asymmetry, effective gas exchange with flowing blood, and perfusion versus diffusion limited gas
exchange, to name but afew, motivate a number of extensions of dissolved gas models.

The multitissue model addresses dissolved gas transport with saturation gradients driving the elimination. In the
presence of free phases, free-dissolved and free-blood elimination gradients can compete with dissolved-blood gradients. One
suggestion isthat the gradient be split into two weighted parts, the free- blood and dissol ved-blood gradients, with the
weighting fraction proportional to the amount of separated gas per unit tissue volume. Use of asplit gradient is consistent with
multiphase flow partitioning, and implies that only a portion of tissue gas has separated, with the remainder dissolved. Such a
split representation can replace any of the gradient termsin tissue response functions.

If gasnuclei are entrained in the circulatory system, blood perfusion rates are effectively lowered, an impairment with
impact on all gas exchange processes. This suggests a possible lengthening of tissue halftimes for elimination over those for
uptake, for instance, a 10 minute compartment for uptake becomes a 12 minute compartment on elimination. Such lengthening
procedure and the split elimination gradient obviously render gas uptake and elimination processes asymmetric. Instead of both
exponential uptake and elimination, exponential uptake and linear elimination response functions can be used. Such
modifications can again be employed in any perfusion model easily, and tuned to the data.

Thermodynamic Modd

The thermodynamic approach suggested by Hills, and extended by others, is more comprehensive than earlier models,
addressing a number of issues simultaneously, such as tissue gas exchange, phase separation, and phase volume trigger points.
Thismodel is based on phase equilibration of dissolved and separated gas phases, with temporal uptake and elimination of inert
gas controlled by perfusion and diffusion. From a boundary (vascular) zone of thickness, gases diffuse into the cellular region.
Radial, one dimensional, cylindrical geometry isassumed as a starting point, though the extension to higher dimensionality is
straightforward. Aswith all dissolved gastransfer, diffusion is controlled by the difference between the instantaneous tissue
tension and the venous tension, and perfusion is controlled by the difference between the arterial and venous tension. A mass
balance for gas flow at the vascular cellular interface, a, enforces the perfusion limit when appropriate, linking the diffusion and
perfusion equations directly. Blood and tissue tensions are joined in acomplex feedback |oop. The trigger point in the
thermodynamic model is the separated phase volume, related to a set of mechanical pain thresholds for fluid injected into
connective tissue.

The full thermodynamic model is complex, though Hills has performed massive computations correlating with the data,
underscoring basic model validity. Considerations of free phase dynamics (phase volume trigger point) require deeper
decompression staging formats, compared to considerations of critical tensions, and are characteristic of phase models. Full
blown bubble models require the same, simply to minimize bubble excitation and growth.

Reduced Gradient Bubble Model

The reduced gradient bubble model (RGBM), developed by Wienke, treats both dissolved and free phase transfer
mechanisms, postulating the existence of gas seeds (micronuclei) with permeable skins of surface active molecules, small
enough to remain in solution and strong enough to resist collapse. The model is based upon laboratory studies of bubble
growth and nucleation, and grew from asimilar model, the varying permeability model (VPM), treating bubble seeds as gas
micropockets contained by pressure permeable elastic skins

Inert gas exchange is driven by the local gradient, the difference between the arterial blood tension and the
instantaneous tissue tension. Compartments with 1, 2, 5, 10, 20, 40, 80, 120, 240, 480, and 720 halftimes, tau , are again employed.
While, classical (Haldane) models limit exposures by requiring that the tissue tensions never exceed the critical tensions, fitted
to the US Navy nonstop limits, for example. The reduced gradient bubble model, however, limits the supersaturation gradient,
through the phase volume constraint. An exponential distribution of bubble seeds, falling off with increasing bubble sizeis
assumed to be excited into growth by compression-decompression. A critical radius, r sub ¢, separates growing from
contracting micronuclei for given ambient pressure, Psub ¢ . At sealevel, Psub c=33fsw, r sub c=.8 microns, and DELTA P=
d. Deeper decompressions excite smaller, more stable, nuclei.
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Within a phase volume constraint for exposures, a set of nonstop limits, t sub n, at depth, d, satisfy amodified law, d t
sub n sup 1/2 =400 fsw min sup /2, with gradient, G, extracted for each compartment, tau , using the nonstop limits and
excitation radius, at generalized depth, d = P - 33 fsw. Tables2 and 3 summarizet subn, Gsub 0, DELTA G, and delta, the
depth at which the cormpartment begins to control exposures.

Table 2. Critical Phase Volume Time Limits.

depth nonstop limit depth  nonstop limit
d(fsw) t sub n (min) d(fsw) tsubn(min)
30 250 130 9.
40 130. 140 8.
50 73. 150 7.
60 52. 1606 5
70 30. 1705 8
80 27. 1805 3
0 22. 1904 6
100 18. 2004 1
110 15. 2103 7
120 12 203 1

Gasfilled crevices can also facilitate nucleation by cavitation. The mechanism is responsible for bubble formation
occurring on solid surfaces and container walls. In gel experiments, though, solid particles and ragged surfaces were seldom
seen, suggesting other nucleation mechanisms. The existence of stable gas nuclei is paradoxical. Gas bubbles larger than 1
micron should float to the surface of astanding liquid or gel, while smaller ones should dissolve in afew seconds. Inaliquid
supersaturated with gas, only bubbles at the critical radius, r sub ¢, would be in equilibrium (and very unstable equilibrium at
best). Bubbles larger than the critical radius should grow larger, and bubbles smaller than the critical radius should collapse. Y et,
the Y ount gel experiments confirm the existence of stable gas phases, so no matter what the mechanism, effective surface
tension must be zero.

Table 3. Critical Phase Volume Gradients.

halftime threshold depth surface gradient gradient change

tau (min) delta (fsw) G sub 0 (fsw) DELTAG
2 190 1510 518
5 135 95.0 515
10 9%5 67.0 511
20 65 49.0 506
40 40 36.0 468
80 30 270 A17
120 28 24.0 379
240 16 230 329
480 12 220 312

Although the actual size distribution of gas nuclei in humansis unknown, these experimentsin gels have been
correlated with adecaying exponential (radial) distribution function. For a stabilized distribution accommodated by the body at
fixed pressure, P sub ¢, the excess number of nuclel excited by compression-decompression must be removed from the body.
Therate at which gasinflates in tissue depends upon both the excess bubble number, and the supersaturation gradient, G. The
critical volume hypothesisrequires that the integral of the product of the two must always remain less than some volume limit
point, alpha V , with apha a proportionality constant. A conservative set of bounce gradients, G bar , can be also be extracted
for multiday and repetitive diving, provided they are multiplicatively reduced by a set of bubble factors, eta sup rep, etasupreg,
etasup exc, all lessthan one, such that G bar = eta sup rep eta sup reg etasup exc G.
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These three bubbl e factors reduce the driving gradients to maintain the phases volume constraint. The first bubble
factor reduces G to account for creation of new stabilized micronuclei over time scales of days. The second factor accounts for
additional micronuclei excitation on deeper-than-previous dives. The third bubble factor accounts for bubble growth over
repetitive exposures on time scales of hours. Clearly, the repetitive factors, etasup rep , relax to one after about 2 hours, while
the multiday factors, etasup reg, continue to decrease with increasing repetitive activity, though at very slow rate. Increases
in bubble elimination halftime and nuclei regeneration halftime will tend to decrease eta sup rep and increase etasup reg . The
repetitive fractions, etasup rep, restrict back to back repetitive activity considerably for short surface intervals. The multiday
fractions get small as multiday activities increase continuously beyond 2 weeks. Deeper-than-previous excursions incur the
greatest reductionsin permissible gradients (smallest eta sup exc ) as the depth of the exposure exceeds previous maximum
depth.

Tissue Bubble Diffusion M odel

The tissue bubble diffusion model (TBDM), according to Gernhardt and V ann, considers the diffusive growth of an
extravascular bubble under arbitrary hyperbaric and hypobaric loadings. The approach incorporates inert gas diffusion across
the tissue-bubble interface, tissue elasticity, gas solubility and diffusivity, bubble surface tension, and perfusion limited
transport to the tissues. Tracking bubble growth over arange of exposures, the model can be extended to oxygen breathing and
inert gas switching. As astarting point, the TBDM assumes that, through some process, stable gas nuclei form in the tissues
during decompression, and subsequently tracks bubble growth with dynamical equations. Diffusion limited exchangeis
invoked at the tissue-bubble interface, and perfusion limited exchange is assumed between tissue and blood, very similar to
the thermodynamic model, but with free phase mechanics. Across the extravascular region, gas exchangeisdriven by the
pressure difference between dissolved gasin tissue and free gasin the bubble, treating the free gasasideal. Initial nuclei in the
TBDM have assumed radii near 3 microns at sealevel, to be compared with .8 micronsin the RGBM.

Asin any free phase model, bubble volume changes become more significant at lower ambient pressure, suggesting a
mechanism for enhancement of hypobaric bends, where constricting surfacetension pressures are smaller than those
encountered in hyperbaric cases. For instance, atheoretical bubble dose of 5 ml correlates with a20% risk of decompression
sickness, while a 35 ml dose correlates with a 90% risk, with the bubble dose representing an unnormalized measure of the
separated phase volume. Coupling bubble volumeto risk represents yet another extension of the phase volume hypothesis, a
viabletrigger point mechanism for bends incidence.

SATURATION CURVE

The saturation curve, relating permissible gas tension, Q, as afunction of ambient pressure, P, for air, setsalower
bound, so to speak, on decompression staging. All staging models and algorithms must collapse to the saturation curve as
exposure timesincreasein duration. In short, the saturation curve represents one extreme for any staging model. Bounce curves
represent the other extreme. Joining them together for diving activitiesin between isamodel task, aswell as joining the same
sets of curves over varying ambient pressure ranges. In thelatter case, extending bounce and saturation curvesto altitudeis
just such an endeavor.

Models for controlling hypobaric and hyperbaric exposures have long differed over range of applicability. Recent
analyses of very high altitude washout data question linear extrapolations of the hyperbaric saturation curve, to hypobaric
exposures, pointing instead to correlation of datawith constant decompression ratiosin animals and humans. Correl ations of
hypobaric and hyperbaric data, however, can be effected with amore general form of the saturation curve, one exhibiting the
proper behavior in both limits. Closure of hypobaric and hyperbaric diving data can be managed with one curve, exhibiting
linear behavior in the hyperbaric regime, and bending through the origin in the hypobaric regime. Using the RGBM and abasic
experimental fact that the number of bubble seedsin tissue increase exponentially with decreasing bubble radius, just such a
single expression can be obtained. The limiting forms are exponential decrease with decreasing ambient pressure (actually
through zero pressure), and linear behavior with increasing ambient pressure. Asymptotic forms are quite evident. Such general
forms derive from the RGBM, depending on a coupled treatment of both dissolved and free gas phases. Coupledto the phase
volume constraint, these model s suggest a consistent means to closure of hypobaric and hyperbaric data.

DECOMPRESSION MODELS AND PHASE MECHANICS
B.R. Wienke
Advanced Computing L aboratory
Los Alamos National Laboratory
Los Alamos, N.M. 87545
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Article: Argon Usage

INTRODUCTION

Argon has been used mostly experimentally as a diluent during decompression. However it is highly soluble and is
very narcotic compared to nitrogen and helium. Argon's narcotic potency is about twice that of air. The premise for considering
argon was dueto its slower diffusion rate into tissue compared to nitrogen and helium. One current decompression model
(Buhlmann) suggests the diffusion of aninert gasinto tissueisinversely related to the square root of the molecular weight of
the gas. For example if you compare thisratio for helium with the ratio for nitrogen you would find the helium ratio is 2.65 times
the nitrogen ratio. Similarly if you compare nitrogen to argon, you would find the nitrogen ratio is about 1.19 times the argon
ratio. What does this mean?

For example, if you look at the 4th compartment (tissue group)of the Buhlmann ZH-L12, 12 compartment decompression
model you will find the "half-time" for helium to be 7 minutes and the half-time for nitrogen to be 18.5 minutes. The helium timeis
2.65 times faster than the nitrogen time. Amazing! Y ou could extrapolate this information and conclude the half-time for argon for
this compartment would be 22 minutes. According to the Buhlmann model the increasein the compartment gas tension
(pressure) isafunction of the ambient pressure, the time of exposure, and the half-time for the gas being considered. Thus for an
equal time of exposure and ambient pressure the gas with the highest half-time would on-gas slower, and off-gas slower. This of
course only considers the exponential-exponential hypothesis (exponential on-gas and exponential off-gas).

Buhlmann simplified histheory by suggesting the total inert gas pressure, the sum of the inert gas partial pressuresin
the tissue, determines the tol erated ambient pressure during decompression. This sum of the inert gas pressuresis subtracted
and multiplied respectively by Bihlmann's"a& b" coefficients to derive the tolerated ambient pressure (similar to "M" values
in the Haldane based models). The tolerated ambient pressure isthe decompression ceiling; if you ascend above the ceiling,
decompression sickness may ensue. Stopping at the ceiling (decompression stop) will allow more gas to off-gas and the ceiling
(tolerated ambient pressure) will move shallower until you can exit the water.

Since argon diffuses into tissue slower, the replacement of nitrogen/helium with argon during decompression would
create a situation where the argon is on-gasing slower than the nitrogen and/or helium is off-gasing. This mechanism is referred
to as counter-diffusion. This can occur to the degree where the total inert gas pressure in the tissue is | ess than the surrounding
ambient pressure (fraction of inert gasin breathing mixture times the ambient pressure). This process works to shorten the
decompression time. The same situation exists during gas switching from high helium content bottom mixesto air. Y our
decompression aobligation can be significantly reduced by switching toair as deep as safely practical because the helium (2.65
times faster than nitrogen) is off-gasing rapidly while nitrogen is on-gasing more slowly.

Digressing abit, its should be noted the reverse process of switching from a heavier inert gasto alighter inert gas (e.g.
nitrogen to helium)can create a " super-saturated” condition, where the tissue inert gas pressure is greater than the ambient inert
gas pressure, even with no change in depth from the switch! Thisisthe basis of lengthy and often misguided discussions on
isobaric inert gas counterdiffusion.

To cut to the chase, using argon may shorten your decompression somewhat; however the amount of
reduction may not be considered significant due to the relatively small difference in diffusion half-times between
argon and nitrogen. Other considerations such asits high solubilities in fats and agueous fluids may imply additional
concerns which have not been brought to light, with risks that may not be warranted considering the degree of
benefit.

TECH NOTE!
Counterdiffusion isalso aproblem if agas switch is made from argon to helium
(animal experiments by D'Aoust gave near fatal results- see Bennett and Elliott, 3rd Edition).

The research that has been conducted on argon as a diving gas has generally not been for decompression but for other
purposes such as studying inert gas narcosis, respiration, or counterdiffusion.

Little research has been conducted on this gasin terms of providing safe and reliable decompression.
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Article: Deep Stops

(Thefollowing articleis presented asa meansto explain Abysmal Diving's background thought on adding the Deep stop option
to upcoming versions of Abyss.)

The Importance of Deep Safety Stops: Rethinking Ascent Patterns From Decompression Dives.
By Richard L. Pyle.

Before | begin, let's make something perfectly clear: | am afish-nerd (i.e., an ichthyologist). For the purposes of this
commentary, that means two things. First, it meansthat | have spent alot of time underwater. Second, although | am | biologist
and understand quite a bit about animal physiology, | am not an expert in decompression physiology. Keep these two thingsin
mind when you read what | have to say.

Back before the concept of "technical diving" existed, | used to do more divesto depths of 180-220 fsw than | care to
remember. Because of the tremendous sample size of dives, | eventually began to notice afew patterns. Quite frequently after
these dives, | would feel somelevel of fatigue or malaise. It was clear that these post-dive symptoms had more to do with inert-
gas loading than with physical exertion or thermal exposure, because the symptoms would generally be much more severe after
spending less than an hour in the water for a 200-foot dive than they would after spending 4 to 6 hours at much shallower
depths.

The interesting thing was that these symptoms were not terribly consistent. Sometimes | hardly felt any symptoms at
all. At other times | would be so sleepy after adivethat | would find it difficult to stay awake on the drive home. | tried to
correlate the severity of symptoms with awide variety of factors, such asthe magnitude of the exposure, the amount of extra
time | spent on the 10-foot decompression stop, the strength of the current, the clarity of the water, water temperature, how
much sleep | had the night before, level of dehydration ...you nameit...but none of these obvious factors seemed to have
anything to do with it. Finally | figured out what it was- fish! Y up, that's right...on diveswhen | collected fish, | had hardly any
post-dive fatigue. On diveswhen | did not catch anything, the symptoms would tend to be quite strong. | was actually quite
amazed by how consistent this correlation was.

The problem, though, was that it didn't make any sense. Why would these symptomshave anything to do with
catching fish? In fact, | would expect more severe symptoms after fish-collecting dives because my level of exertion while on the
bottom during those dives tended to be greater (chasing fish isn't always easy). There was one other difference, though. Y ou
see, most fishes have a gas-filled internal organ called a"swimbladder” - basically a fish buoyancy compensator. If afishis
brought straight to the surface from 200 feet, its swimbladder would expand to about seven timesits original size and crush the
other organs. Because | generally wanted to keep the fishes | collected alive, | would need to stop at some point during the
ascent and temporarily insert a hypodermic needleinto their swimbladders, venting off the excessgas. Typically, the depth at
which | needed to do this was much deeper than my first required decompression stop. For example, on an average 200-foot
dive, my first decompression stop would usually be somewhere in the neighborhood of 50 feet, but the depth | needed to stop
for the fish would be around 125 feet. So, whenever | collected fish, my ascent profile would include an extra 2-3 minute stop
much deeper than my first "required" decompression stop. Unfortunately, this didn't make any sense either. When y ou think
only in terms of dissolved gastensionsin blood and tissues (as virtually all decompression algorithmsin use today do), you
would expect more decompression problems with the included deep stops because moretimeis spent at a greater depth.

As someone who tends to have more faith in what actually happensin the real world than what should happen
according to the theoretical world, | decided to start including the deep stops on all of my decompression dives, whether or not |
collected fish. Guess what? My symptoms of fatigue virtually disappeared altogether! It was nothing short of amazing! | mean
| actually started getting some work done during the afternoons and evenings of dayswhen | did amorning deep dive. | started
telling people about my amazing discovery, but was invariably met with skepticism, and sometimes stern lectures from "experts"
about how this must be wrong. "Obviously," they would tell me, "you should get out of deep water as quickly as possible to
minimize additional gasloading." Not being a person who enjoys confrontation, | kept quiet about my practice of including
these "deep decompression stops”. Asthe years passed, | became more and more convinced of the value of these deep stops
for reducing the probability of DCI. In al cases where | had some sort of post-dive symptoms, ranging from fatigue to shoulder
pain to quadriplegiain one case, it was on adive where | omitted the deep decompression stops.
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Asascientist by profession, | feel aneed to understand mechanisms underlying observed phenomena. Consequently,
| was always bothered by the apparent paradox of my decompression profiles. Then | saw a presentation by Dr. David Y ount at
the 1989 meeting of the American Academy of Underwater Sciences (AAUS). For thoseof you who don't know who heis, Dr.

Y ount isa professor of physics at the University of Hawaii, and one of the creators of the "V arying-Permeability Mode" (VPM)
of decompression cal culation. This model takes into account the presence of "micronuclei" (gas-phase bubblesin blood and
tissues) and factors that cause these bubbles to grow or shrink during decompression. The upshot isthat the VPM callsfor
initial decompression stops that are much deeper than those suggested by neo-Haldanian (i.e., "compartment-based")
decompression models. It finally started to make sense to me. (For a good overview of the VPM, read Chapter 6 of Best
Publishing's Hyperbaric Medicine and Physiology; Y ount, 1988.)

Since you already know | am not an expert in diving physiology, let me explain what | believe is going on in terms that
educated divers should be able to understand. First, most readers should be aware that intravascular bubbles are routinely
detected after the majority of dives- even "no decompression” dives. The bubbles are there - they just don't alwayslead to DCI
symptoms. Now; most deep decompression dives conducted by "technical" divers (as opposed to commercial or military divers)
are very-much sub- saturation dives. In other words, they have relatively short bottomtimes (I would consider 2 hours at 300
feet a"short" bottom timein this context). Depending on the depth and duration of the dive, and the mixtures used, thereis
usually arelatively long ascent "stretch" (or "pull") between the bottom and the first decompression stop as calculated by any
theoretical compartment-based model. The shorter the bottom time, the greater this ascent stretch is. Conventional mentality
holds that you should "get the hell out of deep water" as quickly as possible to minimize additional gasloading. Many people
even believe that you should use faster ascent rates during the deeper portions of the ascent. The point is, divers are routinely
making ascents with relatively dramatic dropsin ambient pressure in relatively short periods of time - just so they can "get the
hell out of deep water".

This, | believe, iswherethe problem is. Maybe it hasto do with the time required for blood to pass all the way through
atypical diver'scirculatory system. Perhapsit hasto do with tiny bubbles being formed as blood passes through valvesin the
heart, and growing large due to gas diffusion from the surrounding blood. Whatever the physiological basis, | believe that
bubbles are being formed and/or are encouraged to grow in size during theinitial non-stop ascent from depth. I've learned alot
about bubble physics over the last year, more than | want to relate here - I'll leave that for someone who really understands the
subject. For now, sufficeit to say that whether or not a bubble will shrink or grow depends on many complex factors, including
the size of the bubble at any given moment. Smaller bubbles are more apt to shrink during decompression; larger bubbles are
more apt to grow and possibly lead to DCI. Thus, to minimize the probability of DCI, it isimportant to keep the size of the
bubbles small. Relatively rapid ascents from deep water to the first required decompression stop do not help to keep bubbles
small! By slowing theinitial ascent to the first decompression stop, (e.g., by the inclusion of one or more deep decompression
stops), perhaps the bubbles are kept small enough that they continue to shrink during the remainder of the decompression
stops.

If thereisany truth to this, | suspect that the enormous variability in incidence of DCI has more to do with the pattern
of ascent from the bottom to the first decompression stop, than it has to do with the remainder of the decompression profile. DCI
is an extraordinarily complex phenomenon - more complex than even the most advanced diving physiol ogists have been able to
elucidate. The unfortunate thing is that we will likely never understand it entirely, largely because our bodies are incredibly
chaotic environments, and that level of chaoswill hinder any attempts to make predictions about how to avoid DCI. But | think
that we, as sub-saturation decompression divers, can significantly reduce the probability of getting bent if we alter the way we
make our initial ascent from depth.

Some of you may now be thinking "But he said he's not an expert in diving physiology - why should | believe him?" If
you are thinking this, then good - that's exactly what | want you to think because you shouldn't trust just me. So, why don't you
dig up your September '95 issue of DeepTech (Issue 3) and read Bruce Weinke's article? | know it covers some pretty
sophisticated stuff, but you should keep re- reading it until you do understand it. Why don't you call up aquaCorps and order
audio tape number 9 ("Bubble Decompression Strategies") from the tek.95 conference, and listen to Eric Maiken explain afew
things about gas physics that you probably didn't know before. Whileyou're at it, why don't you order the audio tape from the
"Understanding Trimix Tables" session at the recent tek.96 conference? Y ou can listen to Andre Galerne (arguably the "father of
trimix") talk about how the incidence of DCI was reduced dramatically when they included an extra deep decompression stop
over and above what was required by the tables. On the same tape you can listen to Jean-Pierre Imbert of COMEX (the French
commercia diving operation which conducts some of the world's deepest dives) talk about awhole new way of looking at
decompression profiles which includes initial stopsthat are much deeper than what most tables call for. Why don't you ask
George Irvine what he meant when he said he includes "three or four short deep stops into the plan prior to using the first stop
recommended by each of the [decompression] programs' in the January, '96 issue of DeepTech (Issue 4)? If that's not enough,

then check out Dr. Peter Bennett's editorial in the January/February 1996 Alert Diver magazine; he's talking about basically the
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same thing in the context of recreational diving. If you really want to read an eye-opening article, seeif you can find the report
on the habits of diving fishermen in the Torres Strait by LeMessurier and Hills (listed in the References section at the end of this
article). Thelistsgoes on and on. The pointis, | don't seem to be the only one advocating deep decompression stops.

Areyou still skeptical? Let me ask you this: Do you believe that so-called "safety stops” after so-called "no-
decompression” dives are useful in reducing probability of DCI? If not, then you shouldtake alook at the statistics compiled by
Diver's Alert Network. If so, then you are already doing "deep stops" on your "no-decompression” dives. If it makesyou feel
better, then call the extra deep decompression stops "deep safety stops" which you do before you ascend to your first
"required" decompression stop. Think about it thisway: Your first "required" decompression stop isfunctionally equivalent
to the surface on adive that is taken to the absolute maximum limit of the "no-decompression” bottom time. Wouldn't you think
that "safety stops" on "no-decompression” dives would be most important after a dive made all the way to the "no-
decompression” limit?

Some of you may be thinking, "l already make safety stops on my decompression dives- | always stop 10 or 20 feet
deeper than my first required stop." Whilethisisastep in the right direction, it is not what | am talking about here. "Why not?",
you ask, "1 do my safety stops on no-decompression dives at 20 feet. Why shouldn't | do my deep saf ety stops 20 feet below
my first required ceiling?' I'll tell you why - because the safety stops have to do with preventing bubble growth, and bubble
growthisin part afunction of achangein ambient pressure, not afunction of linear feet. Suppose that, after adiveto 75 feet,
you make a safety stop at 20 feet. Well, the ambient pressure at sealevel is1 ATA. The ambient pressure at 75 feet is about 3.3
ATA. Theambient pressure at your 20-foot safety stop is 1.6 ATA - which represents roughly the midpoint in pressure
between 3.3 ATA and 1 ATA. Now, suppose you're on adive to 200 feet (about 7 ATA) and your first required decompression
stop is 50 feet (about 2.5 ATA). The ambient pressure midpoint between these two depthsis 4.75 ATA, or alittle lessthan 125
feet. Thus, on thisdive you would want to make your deep safety stop at about 125 feet - exactly the depth | used to stop to
stick a hypodermic needlein my little fishies.

But of course, the physics and physiology are much more conplex than this. It may be that ambient pressure mid-
points are not the ideal depth for safety-stops - in fact, | can tell you with near certainty that they are not. From what |
understand of bubble-based decompression models, initial decompression stops should be afunction of absolute ambient
pressure changes, rather than proportional ambient pressure changes, and thus should be even deeper than the ambient
pressure mid-point for most of our decompression dives. Unfortunately, | seriously doubt that deconpression computerswill
begin incorporating bubble-based decompression algorithms, at least not in their complete form. Until then, we decompression
divers need a simpler method - arule of thumb to follow that doesn't require the processing power of an electronic computer.
Perhaps the ideal method would be simply to slow down the ascent rate during the deep portion of the ascent. Unfortunately,
thisisrather difficult to do- especially in open water. Instead, | think you should include one or more discrete, short-duration
stopsto break up those long ascents. Whether or not it is physiologically correct, you should think of them as pit-stops to
allow your body to "catch up" with the changing ambient pressure.

Here is my method for incorporating deep saf ety stops:
1) Calculate adecompression profile for the dive you wish to do, using whatever software you normally use.

2) Take the distance between the bottom portion of the dive (at the time you begin your ascent) and the first "required"
decompression stop, and find the midpoint. Y ou can use the ambient pressure midpoint if you want, but for most divesin the
"technical" diving range, the linear distance midpoint will be close enough and is easier to calculate. This depth will be your
first deep safety stop, and the stop should be about 2-3 minutesin duration.

3) Re-calculate the decompression profile by including the deep safety stop in the profile (most software will allow for multi-
level profile calculations).

4) If the distance between your first deep safety stop and your first "required” stop is greater than 30 feet, then add a second
deep safety stop at the midpoint between thefirst deep safety stop and the first required stop.

5) Repeat as necessary until there islessthan 30 feet between your last deep safety stop and the first required saf ety stop.
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For example, suppose you want to do atrimix dive to 300 feet, and your desktop software says that your first
"required" decompression stop is 100 feet. Y ou should recal culate the profile by adding short 2-minute) stops at 200 feet, 150
feet, and 125 feet. Of course, since your computer software assumes that you are still on-gassing during these stops, the rest of
the cal culated decompression time will be slightly longer than it would have been if you did not include the stops. However, in
my experience and apparently in the experience of many others, the reduction in probability of DCI will far outweigh the costs of
doing the extrahang time. Infact, I'd be willing to wager that the advantages of deep safety stops are so large that you could
actually reduce the total decompression time (by doing shorter shallow stops) and still have alower probability of getting bent -
but until someone can provide more evidence to support that contention, you should definitely play it safe and do the extra
decompression time. Onefinal point. Asanyone who reads my posts on the Internet diving forums already knows, | am a
strong advocate of personal responsibility in diving. If you choose tofollow my suggestions and include deep safety stops on
your decompression dives, then that's swell. |f you decide to continue following your computer-generated decompression
profiles, that's fine too. But whatever you do, you are completely and entirely responsible for whatever happens to you
underwater! Y ou are aterrestrial mammal for crying out loud - you have no business going underwater in the first place. If you
cannot accept the responsibility, then stay out of the water. If you get bent after a dive on which you have included deep saf ety
stops by my suggested method, then it was your own fault for being stupid enough to listen to decompression advice from a
fish nerd!
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Article: Physiology and Physics of Helium

Written by Robert Palmer, European Training Director, Technical Diving International

TISSUE SOLUBILITY

Helium enterstissues rapidly, up to 2.65 times faster than nitrogen, and leaves them more rapidly also. Thisrequiresthe diver to
use adifferent decompression profile with decompression stops starting deeper than for air, with short stops at depth to cope
with the rapid onset of offgassing. Helium decompressions can be reduced by the use of nitrox at shallower depths, and can be
further reduced by mixing helium with nitrogen to gain the best advantages of both gases where divers are shorter than about 2
hours.

MAIN EFFECTS OF HELIUM

The best known effect of helium isits distortion of speech. The thinner gas passing across the vocal cords at atmospheric
pressure produces a comical high-pitched squeak reminiscent of Donald Duck and family. In fact, any change of air density can
produce a similar effect - divers at a pressure of 4 barsin arecompression chamber (the equivalent of 30m while diving on air) will
produce distorted speech also. Helium's speech distortion is only relevant when through-water communications are being used,
and descramblers are commercially available to translate this distorted speech (usually unsuccessfully).

There is an apparent chilling during breathing. Thisis again dueto the thinner molecular density of the gas, which transmits
heat more readily by direct conduction that does air. The gas entering the diver’s lungs will be colder than air, having lost heat
during the journey from the cylinder viathe regulator. However, the gas leaving the lungs will not conduct heat out of the body
asreadily asair, there being fewer moleculesto warm up. Air by comparison is denser and may feel warmer when inhaled at any
given depth, but will transmit more heat out from the lungs (and thereby contribute more significantly to core heat 10ss) than
helium mixtures.

Where helium based mixtures do contribute significantly to heat loss is when they are used as drysuit inflation gases., but in
general the use of trimix or heliox in drysuit inflation isto be avoided at al times.

High pressure nervous syndrome (HPNS) is possibly the most significant limitation to the use of helium as adiving gas, though
the physiological process that creates this syndromeis currently still not entirely understood.

HPNS

High Pressure Nervous Syndrome is a physical manifestation of a high pressure gas gradient across tissue compartments,
possibly compounded by helium breathing. It isexacerbated by rapid pressurization to depths of over 120 meters and appears
at depths of between 120 and 200 meters (400-650'), depending on the speed of descent and, to a degree, the physiology of the
diver. Somedivers, for reasons not fully understood, appear to be more prone to HPNS than others.

The symptoms of HPNS include muscle tremors, drowsiness, loss of appetite, nausea, dizziness, vertigo, difficulty in
concentrating, and visual disturbances, such as spots or patterns breaking up the diver’ sfield of vision. Some of these
symptoms are common to several forms of gastoxicity or physiological stressors (e.g. dizziness, nausea, |0ss of concentration)
and could be confused with nitrogen or oxygen toxicity.

In commercial diving, the effects of HPNS are reduced by slow and staged pressurization, and by adding small amounts of
nitrogen to "relax" tissues. Divers are pressurized to approximately 10-11 bars (90-100 meters) and held there for several hours
for tissue saturation to take place, and the gas gradient to equilibrate. Pressurization isthen resumed, and the dive halted again
after afurther increase in pressure, for the processto repeat itself. Thetransit to the “bottom” may thus take many hours, far
longer than is possible on open or closed circuit SCUBA, with an attendant decompression lasting several days due to the
complete saturation of the divers’ tissues with the inert gas mixturesinvolved.

To reduce the effects of HPNS, small amounts of nitrogen may be used in the mixture to “relax” different tissues compartments
and so reduce certain of the side effects, notably the muscle tremors that are typically the earliest and least controllable of the
effects. Thetremors are postulated to be caused by differential dissolution of gasesinto the tissues of the myelin sheath
surrounding the nerves, causing the nervesto locally spasm.

At depths of up to 120 meters HPNS is unlikely to be a problem, though in general, the greater the depth, the more the chance of
the syndrome appearing. On the rare occasions that open-circuit divers have descended to greater depths, trimixes containing

. . . 1
Copyright 1995, 1996, 1997, 1998, 1999, Abysmal Diving Inc. All rights reserved. 0

No portion of this manual may be copied without permission. This section Last Revised on
June 4',1997 1



T UL VLIV UMD LU LU EVE R/ M W AW TARENA FINA W - AWEE/ANS N NS LAW UULIU Uiy e

between 7-11% of nitrogen are thought to have contributed to the partial controlling (though not the elimination) of HPNS.
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GASDENSITY

Helium’'slow molecular density has other practical advantages. The thinner molecular structure of helium-based mixtures
produces a better regulator performance at depth by direct comparison with air. The reduced density also makes breathing
easier, and may help to flush carbon dioxide out of the lungs. Carbon dioxide has been implicated in deep water blackouts, and
an increased partial pressure of CO, isdangerous. High levels can be reached in the lungs with increasing depth, by improper
breathing and increased gas density affecting regulator performance. Trimix can help reduce (but not eliminate) the problem.

OTHER INERT GASES

Helium, with the lowest lipid solubility has the lowest narcotic potential (paradoxically expressed as the highest relative narcotic
potency (4.26). Xenon, which has the lowest narcotic potency figure (at 0.039) is actually an anaesthetic at atmospheric
pressure, while krypton causes dizziness.

Hydrogen

Hydrogen has been used in extremely deep diving operationsin excess of 500 msw (1600’), most successfully in association with
helium to create hydroheliox. It has no benefit to open-circuit diving, being explosive when mixed with more than 5% oxygen.
Thiswould mean that atravel gaswould be required to reach a depth at which 5% oxygen would support life, and then a
flushing gas used to remove excess oxygen from the diver. At great depth, and when used with oxygen alone, hydrogen has
narcotic effects more similar to similar to LSD, and has been implicated in long term psychol ogical changesin saturation divers
involved in some of the tests.

Neon

Neon has some advantages for short duration deep diving, but istoo expensive to use as an open circuit breathing gas. Itisa
denser gas than helium and nitrogen, and diffuses more slowly into tissues than both gases, making it suitable for short deep
bounce dives. However, it also emerges from tissues more slowly, and where long exposures are invol ves, decompressions can
be excessive. Neox bends may also be more difficult to treat, involving complex recompression schedul es.

Argon

Whilst almost twice as narcotic than nitrogen, it is also denser, and may have some application as a decompression gas. In
theory, shallow stops could benefit from argox mixtures, reducing the amount of inert gas counterdiffusion into the tissues at
depths over 9 meters, though this has had only limited testing, and cannot currently be recommended as a safe practice.

OXYGEN AND CO,; NARCOSIS

There is some evidence to suggest that varying partial pressures of oxygen may affect narcosis, with higher partial pressures
producing slight anaesthetic effects similar to narcosis.

Carbon dioxide retention may beinvolved in this, and undoubtedly higher levels of dissolved CO, in the blood dueto CO,
retention will affect the behavior of other dissolved gasesto some degree. Therelevance of CO, to technical diving is primarily
to the effect of increased partial pressures of CO, causing depth blackout in association with increased workload at depth. The
best way to avoid thisis by breathing properly and pacing effort during the dive.

LONG TERM EFFECTS OF DEEP DIVING

There are several potential long term effects of deep diving of which the recreational or professional trimix diver should be aware.
Many of these are still postulated, and remain formally unproven, but enough evidence exists to suggest that damage may be
doneto the diver’ sbody by avariety of pressure-related processes.
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Capillary Atrophication and Aseptic Bone Necrosis

Perhaps the best known of the long term problems is Aseptic Bone Necrosis, where the destruction of capillaries within bone
tissues causes local necrosis of the bone - that is, the bone tissue effectively dies and falls apart. Traditionally, the long bones
(thighs, shins, arms) were most at risk, with the heads of joints at shoulder and pelvis especially at risk. At onetime thiswas
though to occur primarily in commercial saturation divers, but it has been fairly commonly recorded in recreational divers, where
there is some evidence to suggest that it affects the center sections of bones rather than the ends. What causesit is not entirely
known, other than it is associated with capillary Atrophication. Such Atrophication may be associated with rapid pressurization
and/or depressurization, where different tissues within the bloodstream on and offgas at different rates. This meansthat certain
of the blood’ s constituent tissues may at different times during descent or ascent act as effective dams within the smallest
capillary beds, creating tiny local embolisms or micro-Atrophication. Though thisis perhaps most crucial in bones, capillary
beds also exist in other vital areas of the body such as the brain, soft tissues such astheliver, kidneys, eyes, etc. At present,
alterationsto capillary bed structure in these other tissues are best described as “change” rather than damage, until more
research is done on both cause and effect.

Research on Aseptic Bone Necrosis shows that affects approximately 5% of divers (both recreational and commercial) to some
degree or another. Deep mixed gas diving may be one contributory factor, as may rapid pressurization/ depressurization, but the
increase in symptoms evinced in recreational diverswho do not undertake such practices suggests that the problem still
warrants further research before too many conclusions can be drawn.

BUBBLE FORMATION

Micro-bubbles forming during decompression, though not creating any formal symptoms of decompression illness, may result in
long term CNS damage to the spinal cord. Postmortemsin divers who have not reported any symptoms of DCI during life have
still been found to have significant damage to the spinal cord and central nervous system.

Those who have had formal decompression events may have significantly greater long term problems, especialy divers who
have suffered multiple typell bends.

Such “invisible damage” may or may not be associated with deep diving. It ispossible that now out-dated diving practices may
have contributed to these (e.g. faster ascent rates) and that individual physiology may also play apart. To adegree, dl life
activity, above or below water, contributes to the eventual long term decay of the body, and the older we get the more damage
has been picked up along theway. It ispossibleto overreact to physiological “possibilities’, and it must also be remembered
that diving of any sort has avery low incidence of long term serious physiological damage per individual diver when compared
with other activities.

However, when formal damage does occur it should be treated seriously. Getting decompression illness may result in small
localized damage or it may contribute to longer term damage, such as possible brain lesions, which may in turn create later
problems from reduced mental or physical function to premature senility. Diversof al sorts, and mixed gas diversin particular,
should be aware of current research in diving medicine, and should keep themselves up to date with changesin our knowledge
and understanding of diving medicine.

LIMITS

The practical depth limits of mixed gas open circuit diving, taking into account the physiological and environmental limitations of
the activity, lie within the following boundaries.

Cold water (below 20°C) :  75-80 meters. (240-260')
Warm water (over 20°C) : 100-120 meters. (330-400)

The planning and execution of safe dives to these depths requires considerable knowledge and experience beyond that of the
ordinary recreational SCUBA diver, and safe diving to depths in excess of these generally requires one atmosphere systems or
saturation diving techniques, with all the massive attendant expense. While the occasional dive on open or closed circuit
SCUBA to depthsin excess of 120 meters does take place, the individual undertaking it has usually undergone considerable
preparation, training and acclimatization, and has considerabl e support, or issimply very stupid.
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Article: Planning Gas Mixtures

Written by Robert Palmer, European Training Director, Technical Diving International

INTERMEDIATE MIXES

Deep trimix dives require the use of multiple gas mixtures, and generally use anitrox travel gas containing between 21 and 36
percent oxygen for use during the period from leaving surface to changing to bottom mix. There are two reasons for this. The
first, and physiologically most important, is that many “bottom mixes” (as the trimix is often called) do not contain sufficient
oxygen to be capable of supporting consciousness at the surface. Any mixture containing less than 16% oxygen fallsinto
this category. Additionally, oxygen lean mixtures do not provide the best decompression schedules, and one or more oxygen
rich mixtures are usually employed to ensure an acceptable decompression regime.

Travel Mixes

Travel mixesusually contain between 21 and 40% oxygen, with anitrogen balance. Richer nitrox mixtures do not allow a
convenient depth range, and weaker mixes offer no advantage. The depth at which the switch to trimix is undertaken depends
on the PPO2 of thetravel gas. A diver on EAN40 must switch by 30m (95’), at which point the PPO2 is 1.6 bars, whilst adiver
onair can switch at depths of up to 60m (200’), at which point the PPO2 is at its maximum recommended limit, and the narcotic
effect of the gasisbecoming cause for concern. Thericher travel mixtures allow amore effective decompression, and limit
ongassing of nitrogen to asmall degree during theinitial descent. The weaker mixtures allow some room for safer bailout from
bottom mix at greater depths, though offer aless effective decompression schedule than their richer counterparts. 1n most
cases, acompromiseis reached, and EAN32 or 36 are used for travel gases, allowing some room for deep bailout, and a slightly
improved decompression schedule.

Decompression Gas

The gases used for the final stages of decompression usually contain oxygen percentagesin excess of 50%. Pure oxygen can
be used, but only for the final stops above six meters, unless afull face mask is used or special supervisory practices are
employed. We do not recommend that pure oxygen i s used below 6 meters (20") for in water decompression unlessin an
emergency. Mixtures containing 60 to 80% oxygen are most commonly employed, ensuring that the inert gas gradient is
appropriately steep without creating the danger of oxygen toxicity inthe final stages of the dive, when CNS percentage
loading isat its greatest. Thericher the mixture, then the better isthe offgassing at the shallowest stops. However, weaker
mixtures such as EANS5O0 or 60 allow the offgassing process to begin more effectively at slightly deeper stops, and alow a
deeper changeover to the decompression mixtureif the travel mixture is unavailable for any reason (e.g. equipment failure).
This may be even more appropriate where very weak oxygen mixtures are used for the bottom gas (e.g. less than 12% oxygen).
The choice of both travel and decompression gases should take into account possible bailout scenarios and the final CNS
percentage dose, as well as the most appropriate decompression schedul es.

SELECTING A TRIMIX
Before choosing your gas mixtures for amixed gas dive, you need to know :

You should not exceed a PPO2 of 1.4 bars.

Each gas mixture should maintain a PPO2 of 1.4 bars or less for the working portion of the dive. EAN mixturesreaching 1.6
bars PPO2 can be used during the decompression phase as long as the total oxygen CNS percentage does not exceed 100% at
the end of the dive.

Your required Equivalent Narcotic Depth (END).
Once you have your required END, the gas mixture to be used can be selected in association with the 1.4 bar oxygen limit.
The depth at which you will operate, and the time you wish to spend there.

Thiswill govern both the final selection of bottom mix and the amount of gas that must be carried to maintain a credible
reserve.

o
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Finding Your Equivalent Narcotic Depth.

Y our END isthe comparative depth on air at which you are entirely in control of narcosis, even under stress. Y ou find the
partial pressure of nitrogen at this depth by using the Dalton's Law formula: PPN, = FN, x P. For example, an END of 35
meters would give a PPN, of : 0.79 x 4.5=3.55 bar.

THE " IDEAL MIX" CONCEPT

Custom mixes can be blended to generate the best trimix for a particular depth/duration. Thisisamix which optimizes both
oxygen and nitrogen levelsto control the effects of both gases. Most trimix divers use a PPO, of 1.4 barsand an END of 40 -
50 meters.

How to Find the “ | deal Mix”

Use Dalton's Law formulae to first find the appropriate oxygen and nitrogen percentages, knowing your depth and the partial
pressure of nitrogen of your required Equivalent Narcotic Depth. The balanceis helium.

BLENDING TRIMIX

Firstly, do be aware that the actual blending of gases should only be done by divers or technicians who have successfully
completed arecognized training course in that discipline. Not al EAN facilities or filling stations will encounter a need to
blend trimix. Trimix, asits name suggests, isablend of three gases, in this case oxygen, nitrogen and helium. Trimix is used

to dive to depths greater than those encountered in recreational sport diving, most usually in the 40-100m range (130-330 feet).

Theuse of helium reduces both the effects of oxygen toxicity and nitrogen narcosis, but requires considerable additional
training and experience on the part of the diver, well in excess of that required for the safe use on EAN mixtures.

There are several waysin which trimix may be produced. A diver may prefer to use one of the standard, or may select to use
what isreferred to asan "ideal mix", where the partial pressures (and thus percentages) of oxygen and nitrogen are

presel ected according to the precise depth of the dive. Alternatively, athird option of "heliair" exists, where the diver may
accept aslightly higher than normal equivalent narcotic depth to enable the simplest form of production of trimix by adding air
to helium.

SELECTING A TRIMIX

A diver planning atrimix dive will generally select atrimix that gives an oxygen partial pressure of 1.4 bar (ata) and a nitrogen
partial pressure of 4 to 5 bar (ata) at the deepest point of the dive. This allows a maximum oxygen exposure of up to 150
minutes, and an equivalent narcotic depth (END) of 40 meters (130" to 50 meters (160’), which means that the diver would
suffer no more nitrogen narcosis during the dive than on air at those depths. Where a specific rather than ageneric mix is
used, thiswould be termed the Ideal Mix for that dive.

To produce the appropriate trimix, all the blender needs to know is the depth of the planned dive and the partial
pressures of oxygen and nitrogen required. The depth of the dive will give the absolute pressurein bar or atmospheres, and
the proportions of the constituent gases can be worked out and related to the pressure of the cylinders to be used.

REAL AND IDEAL GAS LAWS.
The actual compressibility of gasisrelated to several things. The main onesare:

The molecular density of the gas.
The temperature of the gas.
The pressure to which the gas is being compressed.

Most mixing calculations work with what are termed Ideal Gas Laws. These assumethat all gases have the same molecular
density and react in the same way to temperature and pressure. Thusif temperature is kept constant, mixing oxygen, nitrogen
and helium would be a simple and predictabl e process.
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In reality, though oxygen and nitrogen have similar molecular densities, helium is considerably |ess dense than either. Real
Gas Lawstake such variationsin compressibility and molecular density into account. Helium, being the least dense of the
three gases, isthe most compressible at higher pressures. The higher the pressure, the greater the variation in actual gas
percentage content of the mixture. For example, if 100 bar of oxygen and 100 bar of helium were compressed together at the
same temperature, the resulting mix would contain about 54% oxygen and 46% helium. Wetend therefore, when dealing with
trimix percentages, to round oxygen down to the nearest whole percent and helium up.

In actual fact, minor variationsin compressibility, temperature, gauge accuracy and analyzer accuracy during the actual
blending process all tend to even the process out. To compute for Real Gas Laws that take into account the variationsin
compressibility due to molecular density and the temperature generated by an actual on site mixing system requires equations
that can only reliably be done by computer, and a very slow blending process to keep temperatures constant. While such
computer programs exist, and are available to the Gas Blender, the final variation inanalyzed trimix blended using Ideal rather
than Real Gas Lawsis, inredl life, virtually indistinguishable from blends made from Real Gas Laws. The differenceisfar more
in the quality and skill of the actual blender.

BLENDING TRIMIX IN THE CYLINDER

There is astandard procedure for blending trimix, taking into account the different properties (and costs) of the component
gases. Itisusual to place helium (the most expensive gas) in first. Oxygen (if required) is then added, both gases being
decanted slowly, with intervalsin between to allow temperature to be as constant and stable as possible. Once both helium
and oxygen arein, it is possible to analyze the resulting mix to ensure that the correct percentage of oxygen (as a proportion of
the 2 gases) is present.

The table at the end of this chapter is used for blending trimix into empty cylinders. It assumesthat 1 bar of existing gasis
already inthe cylinder. The gas makeup of the 1 bar of gasin the cylinder (aslong asitisair or trimix) will not materialy affect
the final balance of the new mixture. (Remember, in 2210 bar / 3000 psi cylinder, 1 bar of gas=0.5% and 1 psi = 0.03% of the
gasinthecylinder.) A the maximum depth given for the above mixtures, the PPO, is approx. 1.4 bar and the Equivalent
Narcotic Depth is approximately 40m/ 130'.

Once this has been done, and the mixture isanalyzed as acceptable, air should be added vigorously to encourage mixing. The
tank should be laid on its side during this process, as the |ess dense helium will tend to layer out unless agitated. Often the
tank isrolled from side to side while being filled, or immediately following filling, to ensure mixing is adequate. The cylinder
should be allowed to stand till cool, at which point it should be analyzed for oxygen percentage. If the mix istoo rich, more air
can be added. Too low, and oxygen can be added with a booster pump if required.

Once mixed, the gases will stay mixed due to the constant movement of the gas molecules ("Brownian Motion"). Itisstill
good practice to re-analyze trimix immediately before the dive to ensure the original analysis was correct.

If the oxygen percentage iswithin 1 percent, it is assumed the nitrogen and helium percentages are also accurate. In practice,
apercentage variation of 3-4 percent in these inert gases will not compromise decompression requirements or nitrogen toxicity,
and it isunlikely that, if the oxygen iswithin 1% of calculated value, that the inert gas percentages will be much adrift.

1
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HELIAIR

A simpler blending processisto mix helium and air directly to produce atrimix commonly called Heliair, or occasionally “Poor
Man'sMix”. Thelatter is somewhat of a misnomer, as the expensive component is actually the helium, and heliair sometimes
requires more rather than less of the gas. For the blender, the problems are less, with only two gas mixtures being used, but
the diver must be competent enough to accept the higher PPN, (and thus END) that goes with the mixture to ensure that the
PPO, does not exceed critical levels. Heliair isgenerally used more in tropical waters, where the environmental contribution to
stress and narcosisis reduced to a more manageable level.

HELIUM SAFETY

Pure helium should never be breathed during the blending process, or at any other time. Irreversible asphyxiation may occur
asaresult of therapid diffusion of the gasinto the lung tissues, essentially blocking the passage of oxygen once the helium
sourceisremoved. Diving grade helium generally contains about 2% oxygen (which also allowsit to be breathed from directly
at saturation depthsin emergency) and this helps maintain a conduit for oxygen. Be especially aware of children using trimix
or helium cylindersto fill balloons unsupervised, or using it to make funny voices. Balloon grade helium contains between
20-30% oxygen to prevent asphyxiation, and this makesit unsuitable for diving purposes. Do not alow diving grade, or any
other grade, of helium to be used for balloon filling or for play.

TRIMIX CYLINDERS

Trimix cylinders need not be oxygen service unless pure oxygen is used in the blending process. Where the cylinder is
simply used for heliair (helium/air mixtures) or where helium is blended with the appropriate EAN mix produced from a

REQUIRED CYLINDER PRESSURE (PSl / BAR)
‘ Oz!'l'f'Nz }'4. ba.r. 1509ps ZOOQpS 300_0ps 400pps 150 bar 210bar 230bar 300 bar
H 18/14/68 220'/60m 210 286 429 571 29 30 32 42
E ‘ 17/19/64 240'/75m 285 381 571 762 30 40 44 57
L 16/24/60 260'/80m 360 476 714 952 36 50 56 72
| ‘ 15/28/57 280'/85m 470 571 857 1143 42 60 65 84
A 14/33/53 300'/90m 495 667 1000 1333 50 70 77 99
| ‘ 13/38/49  320°/100 570 762 1143 1524 57 80 88 114
R 12/43/45 340'105m 645 857 1286 1714 65 90 100 129
Thischart givethe pressure of helium to add to an empty cylinder to producethedesired heliair mixture. Select the
cylinder pressurein ps or bar from thetop row, and move down that column until therequired mix isreached. All
these mixes have an END of 55m (180’)

continuous blending system, an ordinary air cylinder will suffice. 1f oxygenisused in the blending process, the cylinder
should bein oxygen service. In either case, the cylinder should be labeled TRIMIX inlarge |etters, and have alabel on it
indicating the relative percentages of the mixturesin the cylinder and its maximum depth. Several training agencies market
Trimix stickersfor cylinders, usualy in aredcolor.
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Article: Dive and Decompression Planning

Written by Robert Palmer, European Training Director, Technical Diving International

TRIMIX OPERATIONS

Trimix dives are formal operations. Treat them as such, and plan them meticulously, or don't do them. The exposuresyou
place yourself in are dangerous and extreme, and the room for error isvirtually non-existent. You may die at any time on any
technical dive. And Y OU don't have to weep at your grave.

TEAMS

Select the appropriate team size (this may even be ateam of oneif redundancy levels are appropriate and the environment so
dictates). Don't make the team too big, or too small. Make the team experienced, well-equipped, well-prepared and
psychologically and physically stable. If boat diving, the skipper is part of theteam. Brief him/her thoroughly. He or she
may well not be familiar with some of the practices concerned, and may not therefore respond appropriately to incidents.

BEFORE THE DIVE

Review al plans. Check all equipment. Set all lines and decompression materials. Spend some timein mental preparation.
Don't divetill everyone and everything isready. It really isn’t worth adding more stress than is necessary to a deep mixed
gasdive. Do make surethat more than enough timeis allowed before the dive for preparation.

ENTERING THE WATER

Carry all your gases in alogical order, with the richest mixture on theright. Know where they are, and which regulator goes
with which gauge. Once having entered the water, make sure your equipment is till in the same place it was before. Never
simply assumeit will be where it was before you jumped in and rearranged it!. Check you can read all gauges and reach all
valves and regulators and their essential equipment. Check you can reach your cylinder valesin an emergency.

Acclimatize at the surface or at 6 meters if the surface is choppy. Take time to orientate yourself to boat or shore, currents and
bottom. Thorough buddy check - leaks and gear. Take a definite time check before starting your actual descent, and note
your start time on your slate.

DESCENT

Stick as closely as possible to planned descent times- extra minutes on descent can mean extra hours on decompression, or
lost minutes on the bottom. Control your buoyancy AT ALL TIMES. If you lose control of your buoyancy it can affect both
your descent rate and your breathing rate, and add a source of stressto the dive.

Be prepared for gas switches before you need to make them. Make them on the move if possible, and practice to ensure a
smooth and effective switch. Stow used regulators properly, and remember to turn off travel gases at depth to avoid toxicity
problems. Slow your descent with your BC or drysuit just before you reach the bottom, and hover just above it, to maintain
visibility.

ON THE BOTTOM

Plan your diveto the Rule of Thirds. Beprecise. Take everything slowly - don't rush. Maintain proper buoyancy. Keep
stressto aminimum. Always be aware of your location. Don't exceed planned depths or times for any reason.

ASCENT

Stick to the set ascent times for your dive. The ascent period is actually your fist phase of decompression, and these times
are planned into your schedule. Travel at 20 meters/minute (60’ /minute) to thefirst stop or the nitrox switch, whichever
comesfirst. Thisreversesthe gas gradient more effectively. From that point, travel at 10 meters/minute (30’ /minute)
between stops - this controls the ascent and reduces bubble formation during offgassing.

If agas switch and a decompression stop coincide, take a moment to adjust your buoyancy before making the switch. A loss
of buoyancy supervision can result in an unplanned ascent or descent of several meters if you are not careful. 1
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DECOMPRESSION STRATEGIES

Avoid free-floating decompressions unless currents or tides dictateit. If the currents are weak, use decompression stations
hung below the support vessel, with enough room at each station for the number of diversit is designed to support. Use
standby diversto monitor the progress of the decompressing divers at aregular interval, and establish some method of
emergency communication (e.g., slate and line) that allows rapid communication with the surface at all times. Emergency
decompression cylinders should be in the water close to the divers, and these should have been placed, along with the
decompression station, before the start of the dive. Wherever you can, stay asagroup. If you must free-float, then a group
of diverslinked together is a manageable unit at all times. Several pairs of individuals floating off in subtly different directions
over aone or two hour periodisarecipefor disaster. Do ensure a support craft (small inflatable) travels above the group,
containing back-up cylinders and a standby diver. Make the whole decompression as trauma free as possible.

ORAL REHYDRATION

It is possible to supply decompressing divers with fluids, and rehydration should be a priority on long decompressions,
especialy in tropical countries. Any form of collapsible container is suitable, and if proprietary brands are not available, then
the lining of cardboard wine containerswill do nicely. Isotonic sport drinks such as Sport L ucozade or Gatorade can be
obtained in collapsible card containers, and straws can be used effectively underwater. Remember that it takes about 6 hours
to properly orally rehydrate a dehydrated diver, and afairly continuous supply of fluid, even water, is better than vast
amounts before and after adive.

DECOMPRESSION HINTS

Full face masks may be used to maintain warmth and may reduce the potential for CNS oxygen toxicity, though proper oxygen
management ismore effective. It isquite possible, with prior practice, to change to a FFM underwater, and the real value of
doing so isthat of oral communication and warmth. Be prepared for a FFM to use much more gas than predicted by open-
circuit RMV calculations, and practice beforehand to establish required gas volumes. On long decompressions, it may be more
appropriate to run either pure oxygen or EAN 60-80 from the surface on along umbilical hose, either to a second stage
regulator or aFFM. The length of hose required will not materially affect the delivery of gasto a depth of 6 meters from a
modern regulator. Thisallows an uninterrupted supply of gas without too many unwieldy cylinders taking up spacein the
water. If thisisdone, however, abailout cylinder should be kept on standby in the water to cover any interruption in the

supply.

PURE OXYGEN

Undertaking the shallowest stops on pure oxygen offers the most effective offgassing gradient. However, on along
decompression the 6 meter stop may deliver over 50% of the maximum recommended CNS percentage limits, and it is
recommended that pure oxygen not be used at depths exceeding 3 meters. Even amedium swell may provide pulses of
increased partial pressure, and the whole toxicity tracking process becomes less predictable. Even in an emergency, it is unsafe
to switch to pure oxygen below 10 meters, even if this requires breathing the bottom mix to an extremely shallow depth. Aslong
asthe PPO2 of theinspired gasis above 19%, symptoms of hypoxia are unlikely to occur. The use of slightly weaker nitrox
decompression mixtures (e.g.. 50-80% oxygen) offers some extra breathing depth in such an emergency, and isto be
recommended. This does not preclude the use of pure oxygen for the 3 meter stop as a safety measure. Pure oxygen should
obviously be available on the surface for emergency use, and an adapter which allows an oxygen clean SCUBA regulator to be
fitted directly to alarge oxygen cylinder, medical and non-medical, is adistinct advantage.

SURFACING

Thelast few meters actually cover the greatest pressure change, and are perhaps one of the most crucial point of the ascent.
It is no coincidence that most cases of decompression illness occur just after the diver surfaces. Anything that can be done
at thistime to reduce the potential for bubble formation should be done. Some things you can do to help this process are :

1. Taketwo minutesto ascend the last 6 meters. 2. Rest on the surfacefor 5 minutes

3. Dekit in thewater - with assistance! 4. Rest on theboat / shorefor at least 10 minutes before any action.
Then rest somemore.

5. Try and avoid undue effort at all stages of the surfacing, getting out of thewater, and dekitting process. Remember that
helium bubbles are present, and morewill offgasvery readily if you givethem the dightest provocation!

1
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