
Welcome to aquaCORPS Digital
In January 1990, I launched the first edition of aquaCORPS 
magazine because I was hungry for information about a new 
kind of diving that was emerging from the closet, and no one 
was talking—there was little or no information. Indeed, deep 
diving, by which I mean diving beyond 40m/130 ft, and its 
companion decompression diving—the “D-Words”—were strictly 
verboten among the recreational diving establishment; few could 
even spell N-I-T-R-O-X, or trimix, let alone knew what they were. 

Within two years I coined the moniker “technical diving,” to 
distinguish this type of diving from recreational diving, and the 
name stuck, as technical diving began to gain momentum and 
spread around the globe. In parallel, the magazine, which we 
subsequently dubbed aquaCORPS: The Journal for Technical 
Diving, continued to grow in size and readership. 

Each issue of aquaCORPS focused on a single topic such mixed gas technology, rebreathers, 
decompression illness, computing and more. WIRED magazine described it as, “The Sea Geek’s 
Bible; Part wish list, part chemistry book, part looking glass.” In addition, we launched aquaCORPS’ 
sister publication, which was more of a newsletter, titled: technicalDIVER. 

In 1996, after growing rapidly and moving to newsstand distribution, I ran out of money and 
was forced to close the company. By that time, we had produced a total of 12 themed issues of 
aquaCORPS and three issues of technicalDIVER, along with producing the Enriched Air Nitrox 
Workshop (1992), four annual tek.Conferences (1993-1996), the first EUROTek and ASIATek 
conferences (1995), and Rebreather Forum 1 & 2 (1994, 1996).

Now more than 30 years since we launched aquaCORPS, I have begun to release sponsored, 
digital copies of the original magazine. I want to thank my illustrious, forward-thinking sponsors, 
all of which are pioneers in their own right, 
for making this possible. Specifically, I have 
released, aquaCORPS #4 MIX, #5 BENT, #7 
C2 (rebreather), and this issue, aquaCORPS 
#6 COMPUTING, sponsored by Shearwater 
Research. In this issue, you will find Shearwater’s 
sponsored content inserted in the center spread, 
in what is otherwise, the original magazine. 

Over the next few years, I plan to progressively 
release digital versions of all of the back issues 
of aquaCORPS/technicalDIVER. These will be 
distributed by our sponsors and a copy will 
reside at www.aquaCORPS.online. 

Thank you for your interest!

Michael Menduno/M2
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WARNING Technical Diving is a potentially dangerous activity. 
aquaCorps is designed to provide information and is not a substitute 
for training. We accept no liability for the diving practices of our 
readers, nor do the authors whose materials are represented here. COMPUTING

Late Breaking News...
Oxygen-related incidents appear to be on the rise (see Incident Reports pg. 23). Wolfgang Kanig of Russelsheim, 
Germany reported another oxygen-related fatality when a diver apparently switched to oxygen at 30 msw and 
convulsed and drowned during a trimix operation to 75 msw (244 fsw) at Lake Bodensee, Germany. Meanwhile 
extreme deep air diving— the hyperbaric equivalent of Russian Roulette— still seems to have its enthusiasts. Anchor 
Scuba, Ft. Lauderdale, FL reported that a diver who wishers to remain anonymous for job security reasons, dove to 
469 fsw (144 msw) on air off Ft. Lauderdale and survived— a new world record. Two other "deep air" divers were 
not so lucky and died (see Incident Reports). Veteran cave diver, Bill Gavin, once compared deep air records to "set­
ting the Bonneville Salt Flats speed record while drunk—what's the point" ("For The Record," a/c journal N3, DEEP). If 
nothing else, perhaps it serves as example of the evolutionary process at work— a matter of excessive genes.

http://www.aquaCORPS.online
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aquaCorps
a message to our members

We've come a long way together since the introduction of our first journal 
UnderPressure in JAN90, yet in many respects the 'self-contained' diving revolution 
is just beginning. In five to ten years time we will likely look back and wonder how 
we were ever able to manage at all, and the idea of a 'high tech' diver muscling 
down a quad or more of cylinders to conduct a dive—akin to computing with the first 
512k RAM 8 bit PCs—will seem like a primitive notion indeed. Take another breath.

Beginning with this volume of the journal, we are implementing a several 
changes designed to provide you with more information in a timely fashion and to 
hopefully insure that a/c will be 'talking the talk' well into the 21st century.

First of all, we are consolidating our technicalDIVER publication into a quarterly 
aquaCorps Journal which will allow us to improve our production schedule fur
ther. That means you will receive four information-packed issues of the journal 
along with the annual tek.GUIDE directory with your annual membership fee. As 
you can see we are also continuing to add color to the publication.

In addition, we will be expanding our information services to include the annu
al tek Conference, videos, future reports and publications, and eventually, perhaps 
even software. Watch this space.

If you missed last years tek.93 conference, don't panic. Short of computing the 
'question to the ultimate answer' on your tek decoder ring (D-rings?) you can find 
out what happened at the conference electronically. For an insiders view of the ' 
technical revolution' and what it could mean to you and your operation, check 
out our video, Talk tek to me, based on over six hours of interviews with industry 
insiders conducted at tek.93. Better yet. Plan to beam down to next years tek 
Conference in New Orleans and conduct some interviews of your own. (;—>).

To become a member, renew, purchase tek tickets, the video or simply to 
update your address use the order form on the inside back cover of this wrapper.

This work would have been possible without the interest and commitment of 
our members. Thank you for your continued support. More to come.

Sincerely,

Michael Menduno 
editor & publisher
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Decompression risk surface showing the risk of DCI for a given depth and 
time combination according to the USN Exceptional Exposure Air Tables.

"I speak of none other than the computer that is to come after me," intoned Deep 

Thought, his voice regaining its accustomed declamatory tones. "A computer whose 

merest operational parameters I am not worthy to calculate— and yet I will design it 

for you. A computer that can calculate the Question to the Ultimate Answer, a com­

puter of such infinite and subtle complexity that organic life itself shall form part of 

its operational matrix. And you yourselves shall take on new forms and go down into 

the computer to navigate its ten-million year program! Yes! I shall design this com­

puter for you. And I shall name it also unto you. And it shall be called....the Earth."

Douglas Adams, The Hitchhikers Guide to The Galaxy
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Go Wher e No One Has Go ne Bef o r e

Whether you’re a diving professional, serious amateur or just 
interested in the exposure, the 1994 tek Conference will 

take you to places you’ve never been before. From some of 
the most intriguing underwater projects on the planet to the 
latest diving methods and technology, tek will take you 
where you want to go.

Organized by aquaCorps: the journal for 

technical diving, conference session 

tracks will explore the specific needs and 

interests of the mission-oriented dive 
communities. Conducted by individ­
uals at the forefront of their fields, 
tracks will include; Exploration, 
Imaging & Photography, 
Rescue and Law 
enforcement diving, 

Technical training 
and operations, 
and Com­
mercial

    and military diving. There’s even a track for individuals just 
getting started in technical diving who want to know more. 
And that’s just the beginning.

Fasten your harness, tek hands-on technoiogy clinics 

and exhibits will take you from today's tools to the 
cutting edge of diving technology and beyond. Next 

generation closed and semi-closed circuit sys­
tems, trimix and enriched air nitrox work­

shops, portable chambers, full face 

masks, communications, active thermal 
systems, dive computing, imaging & 

mapping technology, one atmos­
phere diving systems, heads 

up displays, wearables, 
and a virtual reality 

swim-through that 

will leave you 
reeling for 

more.

Advanced registration special of $99 US expires 31AUG93. Receive a free subscription to Scuba Times and Underwater Tech. Special conference rates at the 
Marriott Hotel. To register by credit card: call 310.571.1817, fax: 310.571.1815, or write: 9650 Rockville Pike, Bethesda, MD USA 20814. For other orders and infor
mation: aquaCorps, PO Box 4243, Key West, FL USA 33041, f: 305-293-0729. For vendor exhibit space contact The Tech Reps: 1.800.926.8045, f. 407.288.0220, 
3415 SW Canoe PL, Palm City, FL USA 34990-1830. International inquiries: contact your country aquaCorps dealer—see a/c Journal for listings. Make it so.

beaming 
down

tek
The Emerging Dive 

Technologies Conference
NEW ORLEANS USA 9-11 JAN, 1994

Sponsored by Dive Rite Mfrg •
Scuba Times • Underwater Tech • Viking

Save $50 and receive two free subscriptions if you register now!
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computing
"Yes! I shall design this computer 
for you. And I shall name it also 
unto you. And it shall be 
called....the Earth."

Douglas Adams, 
The Hitchhikers Guide to The Galaxy

The introduction of the EDGE 
dive computer in 
1983 launched a rev
olution that has 
been a driving force 
in the industry ever 
since. By providing 
realtime computa
tional ability, the DC 
made decompression 
diving accessible to a 
wide range of users 
and was quickly 
adopted by the high 
end of the market. Yet ten years 
later, with market penetration 
approaching 25% and annual 
sales of some 40-50,000 units 
the computer revolution is only 
now beginning.

Underscoring the cardinal rule 
of computing, "hardware is driven 
by software," the current genera
tion of dive computers is soft­
ware-limited to air diving and as a 
result has failed to keep with a 
growing spectrum of in-water 
applications. Today, air-based 
DCs offer minimum value in 
most technical mix applications 
and have been relegated instead 
to depth and time keeping 
duties. Though the extension to 
"nitrox diving" seems promising 
and is sorely needed if EAN is to 
grow, the inability to account for 
gas switches, minimally to incor
porate oxygen decompression, 
remains a limiting factor.

Not surprising the hot bed of 
dive computing today is in soft
ware. Desktop decompression 
programs promise to put the 
power to calculate an applica
tion-specific decompression 
schedule in the hands of individ
ual users—the power to be your 
best— and have commercial 
application as well. Meanwhile, 
the increased use of oxygen has 
generated significant interest in 
CNS tolerance algorithms and 
the need for improved dive log
ging software—more data— 
while on the closed circuit (C2) 
front, innovations in micro

processor-based control systems 
and heads up display technology 
are the rage. Developments are 
also under way in underwater 
imaging and mapping tools and 
the prospect of "digital" naviga
tion promises a new fix to the 
problem of diver positioning. 
These developments and others 

that will likely follow 
represent the build
ing blocks of what is 
to come.

Taking a lesson from 
the computer indus
try, the next genera
tion of dive comput
ers will likely be 
based on a 'standard
ized' diver-carried 
hardware platform 

capable of supporting a variety 
of software. In fact programma
ble systems are here in prototype 
form today. These machines will 
offer users a range of functionali
ty depending on the software 
modules selected including; vari
able mix decompression with 
selectable algorithms, gas and 
thermal sensing, user-definable 
gas management routines, data 
acquisition, logging and basic 
diver positioning and naviga
tion. These next generation sys
tems will likely incorporate a 
simple heads-up user interface 
display as well.

Further advances in underwater 
computing such as acoustically- 
based imaging systems and vir
tual user interfaces will have to 
await advances in chip technolo
gy along with further develop
ments in virtual reality software. 
"Computer? Switching now." 
Given the continuing exponen
tial trend in processing power 
and VR we may not have to wait 
for long. By the turn of the cen
tury we are likely to see virtual 
imaging systems complete with 
a dataglove interface incorporat
ed into relatively "low cost" one 
atmosphere diving suits— 
micronewts anyone? After that it 
is only a matter of time (and vol
ume) before this kind of capabil
ity will become available to 21st 
century 'sport' divers and profes
sionals or rather, what they will 
have become.
That's what this issue of 
aquaCorps is all about.

"I'm very pleased 
to live at the tail 
end of a generation 

that's the first to 

go into space and 
to look back at our 

world and say, 
Hey, we call it 

Earth. Why do we 
call it Earth? We 
should call it 
Water because 
that's what it is."

Phil Nuytten, 
"Talk tek to me” 

(video)

42 
msw 

?
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what do you 
mean there's 

no oxygen!
There's no margin for error when you're out 

on the line. That's why working divers 

around the world pack Viking. And why 

you should consider acquiring 

them for your operation 

when you have to 

get the job 

done.

WATERPROOF BAG:
Tested by the US Army to 120fsw/36.5 
msw. Three external bottom pockets for 
ballast and inflator system. Six utility 
pockets. Heavy duty zipper.

SUIT:
Non-mag closed circuit dress. Black 1000 
gm/m2 vulcanized rubber outer surface with 
reinforced lower leg, elbows, crotch and 
shoulders. Beryllium bronze zipper, inflator 
mechanism and valve parts. NATO approved.

INFLATOR SYSTEM:
(thigh pocket) Aluminum 200/300 bar 
cylinder, valve and regulator with thigh- 
positioned inflator button. Non-magnetic 
signature model available.

For a copy of this poster call Trelleborg/Viking 
at 800/344-4458 or fax 216/963-0316.
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Y
ou’re within 
5% of your 
oxygen tol
erance at 
this current 

work load and PO2,” 
said DAC (Dive 
Analysis Computer). 
I glanced out at the 
display and could see 
the look-ahead index 
gradually increasing. 
The orange warning 
illumination of the 
figures lit up, "92

metres and 28 min
utes, time to go,” I 
thought. Ambient
pressure diving sure 
wasn’t all that it’s 
cracked up to be but 
for projects like this 
it was the only way. I 
concentrated on get
ting my orientation 
right in the ship’s 
gangway. It never 
ceased to amaze how 
confusing it can be 
moving 'up' a gang
way that’s on its side.

MAKING THE VIRTUAL JUMP by Ian

“Ian, I’m on my limit,” said Bob," shall 
we turn for home?” The comms crack­
led a bit, but then I was used to that 
from the metal of the wreck. “Which 
way?“, I asked. “I thought you had all 
the technology,” said Bob, “don’t tell me 
the direction circuits are down.” “Only 
kidding, come on this way. Mind the 
silt, switch to sonar.” A seconds pause 
as the violet lines turned into an actual 
image. The compass arrow flashed 
green to show we were on the right 
route. The buddy arrow showed Bob 
below me to the right.

I felt a little cold as we moved to the exit 
gangway. “Returning to ordinary vision 
as light levels are acceptable,” said DAC. 
A good job I thought, the virtual imaging 
always drains the batteries. “Check 
thermal efficiency,” I commanded DAC, 
an image of a diver popped up in my

Battery problem, I thought. It always 
did that on the MK1 to show you only 
had 90 minutes power left at current 
consumption. “Don’t worry, I can link 
and take us up with my computer.”

The 50 metre mark flashed and I 
gripped the shot line. “Switch to nitrox 
and turn up the heat.” I laughed to 
myself. They must change the software 
on the next version of the DAC’s. Mind

view outlined in green with a small red 
section by the knee. “Damn, I thought 
I’d grazed that gangway a little fiercely.” 
I heard Bob chuckling, “not holed the 
suit again?” he asked, “Just a nick”, I 
said. So much for 'soft' suits.

I saw the shot line up ahead. The com­
pass arrow started flashing to show we 
were within 10 feet. “Decom status,” I 
queried DAC. “Ascend to 50 metres for 
two minutes. You have two minute and 
30 seconds to reach the first stop” it 
replied. “Ascending too quickly, venting 
suit”, droned DAC. “Go to visual,” I 
instructed, just to get away from the 
sound and save batteries. I should have 
recharged them before the dive. The 
buddy arrow showed Bob behind me. I 
turned, he pointed to his mask with the 
international broken sign(!) “Have you 
got audio?” I asked. “Yeah, but my 
head-up’s flashing on and off”, he said.

you, we should be grateful that the fire 
departments worldwide made this sys­
tem possible in the first place. “Ascend 
to 47 metres”, said DAC “for 2 minutes. 
You have 20 seconds to reach the stop. 
All systems functioning correctly.” The 
hours ticked slowly while we reviewed 
the dive on video playback. The boat 
indicator showed our support vessel 
right above us. “Ascend to surface.” We 
arrived together. “Now for a nice cup of 
tea,” said Bob. “That’s one thing com­
puters can’t do for you!”

A simple science fiction story or an 
insight into the future? Judging from 
trends in computing, it is a description 
of what a technical dive could be like in 
just ten year’s time given the significant 
increases in microprocessing power that 
are becoming available. This trend will 
continue through the turn of the century. 
For the diver, it means that DCs will like-

Note that the Virtual S system 
will be a featured exhibit at 
next years “tek Conference, ” 
January 9-11th, New Orleans, 
LA, enabling participants to 
make a “virtual” fly-through in 
the Eagle's Nest system.

|environments!

Tbe Eagles Nest Fly-Througb
This“virtual” image of Eagle's Nest 
cave system was developed using an 
Autodesk CAD file of the system creat­
ed by Deep Breathing Systems, 
Sevierville, TN. The database of 3D 
DXF meshes was loaded into 
Autodesk's 3D Studio software pack­
age running on a 486 PC. The meshes 
were simplified and given texture 
details with appropriate colouring. 
This new database wads then converted 
using a Virtual ‘S’ Translator Tool to 
run on a Division VR computer. This 
enables a “virtual” diver to “enter” the 
cave system and dive/fly through the 3- 
D world in real time using a data hel­
met and glove giving the illudion of 
being there. A VCR was then used to 
record the sequence in 2D and the 
image was “grabbed” using Adobe 
Photoshop running on a Quadra-level 
Mac.
(See Mapping Eagle's Nest, p. 33)
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Virtual reality is a tool enabling a user to understand 
and interact with complex information environments in 
real time through the integration of computing, imag­
ing and audio technologies. This is accomplished by 
“immersing” the user in the data environment through 
the use of human friendly interfaces such as data hel­
mets, gloves and other devices. Today this technology 
is being applied to a wide range of applications, for 
example, to aid fighter pilots in managing increasing 
complex and sophisticated aircraft and weapons sys­
tems. Eventually, it will enable divers to make use of 
virtual imaging as well.

To suggest the sport diving market will be able to sup­
port this technology by itself is unrealistic. As cynics

in the entertainment community are fond of saying 
“State of the art technology means state of the art 
invoices!” The investment costs for realizing this tech­
nology may eventually come as a result of applications 
such as remotely operated vehicles (ROV’s) and haz­
ardous environment work.

Organizations from both these industries are currently 
examining the potential of VR in our development stu­
dio in London. This research and development will like­
ly lead to solutions that technical divers may one day 
utilize. Not only will these tools assist actual dives but 
perhaps, equally as important, they may someday be 
used in diving simulators to facilitate training, and bet­
ter training makes better divers.

Fanciful thinking? So they thought of the space industry 
which has brought so much accepted technology into 
every day life. It is a future worth working toward espe­
cially when considering from space you can see what cov­
ers two thirds of the planet.

Ian Capon is the founder and Managing Director of Virtual 
S, a virtual reality studio based in London. Former pub
lisher of Sport Diver magazine, he can be contacted at: 
Virtual S, The Limes, 123 Mortlake High Street, London 
SW14 8SN, UK, f: 081.392.2424.

A Tekkies Guide 
ToCyberspace. . .
When divers aren’t getting wet, they’re usually talking 
about it. In the old days, a box of slides and a couple 
of cold ones at the local dive club seemed to do the 
trick just fine. Today you're more likely to find a tekkie 
hunched over a tricked out micro-muscle machine 
uploading their latest 14,400 baud dive fantasy—not 
to mention a couple of GIF files. Cyberspace is here.

************ Internet
Internet is a gateway to the largest user base on the 
planet stretching through Australia, Japan, Europe, 
Africa, the Mideast, as well as North and South 
America, including many high tech companies, uni­
versities and U.S. government facilities. Electronic mail 
(e-mail) access to the Internet is also available through 
CompuServe and GEnie.

Internet's newsgroup, "rec.scuba," offers a forum for 
divers of all levels to get together. Recent subjects of 

continued on p.8

Visualizing 
Decompression

RISK
T

he US Navy Air Tables 
have probably been 
used for more dives 
than any other table 
in existence, yet the 
relative risks of various 

decompression schedules are

often poorly understood. The 
reasons for this discrepancy 
are two-fold: there is little data 
on the risks, and that data is 
difficult to understand. This 
brief article attempts to 
address both of these prob­
lems by using three-dimen­
sional (3-D) visualizations of 
data created with IRIS Explorer 
2.0 running on a Silicon 
Graphics workstation. Put sim­
ply, these visualizations make it 
easy to "see" the estimated

risks of the US Navy Tables.

Figure 1 is a 3-D visualization 
of the total decompression 
time required for each time 
and depth combination of the 
US Navy air tables. Bottom

times range from 5-480 min­
utes and depths range from 
40-300 fsw (12-91msw). The 
image on the cover of this 
issue of the Journal, shows the 
corresponding estimated risk 
of decompression illness 
(DCI) for these dives based on 
predictive studies by 
Weathersby et al. Weathersby 
used statistical modeling 
methods to estimate decom­
pression risk for each 
depth/time entry in the US

Navy tables. Estimated DCI 
risks range from a just a few 
tenths of a percent to over 
45%. Colors correspond to 
values at each point: blue 
for low time or risk and red 
for long hangs or high risks.

By presenting data in a three- 
dimensional format, thou­
sands of numbers can be 
visualized in one quick 
glance. Once visualized, the 
relative trends and some sur­
prising results are easily seen. 
The decompression time 
required by the US Navy 
Tables rises smoothly with 
increasing depth and time 
(Figure 1). If you go deeper 
and stay longer, you must 
decompress longer. No sur­
prise there. However, the 
estimated risk of DCI (cover 
image) rises sharply and 
appears highest for the inter­
mediate hang times at (A) — 
but then drops off at (B) as 
time and depth increase! This 
apparent anamoly may be 
due to the data used to calcu­
late risks.

An additional quirk can be 
seen at (C) on the cover 
image; the estimated risk actu­
ally drops as you pass the no­
stop limits! Stated another 
way, a short-decompression 
dive is empirically more reli­
able than a no-stop dive to 
the table limits. These results 
reinforce the idea that treating 
all dives as decompression 
dives by taking a "safety stop" 
reduces DCI risk—every dive 
is a decompression dive.

Three-dimensional visualiza­
tions are powerful tools for 
anyone who has to under­
stand or explain complicated 
behaviors, such as those 
found in decompression algo­
rithms.

David Story is the Special 
Effects manager at Silicon 
Graphics and has a keen 
interest in decompression 
visualization. He can be 
contacted at: R & D 
Divers, 1016 East El Camino 
Real, Suite 501 Sunnyvale, 
CA 94087, f:415.967.8496.

Weathersby, Survanshi, Hays, 
and MacCallum, 1986. 
Statistically Based Decom­
pression Tables III: Com­
parative Risk Using US Navy, 
British, and Canadian Standard 
Air Schedules. Naval Medical 
Research Institute Report 86- 
50. See also reports 85-16 
and 85-17 for the derivation 
and verification of the model 
used to predict these risks.
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ly have far more capability 
in the future and be able to 
drive more data input 
devices such as gas con­
tents, oxygen and CO2 
monitoring, positioning 
and, eventually, imaging 
systems. These imaging 
systems will be available as 
a result of the increased 
computing power and “vir­
tual reality.”

applications & environments!



Getting 
Connected 
Online

Internet: Most of the com­
mercial services
(CompuServe, GEnie) offer 
Internet mail access. For full 
access contact The Well 
415.332.4335. BITNET: 
Access BITNET through the 
Internet America Online: 
Call 800.827.6364 for a free 
startup kit. CompuServe: 
Order a membership kit by 
calling 800.848.8199. Internet 
e-mail is available. GEnie: Set 
your comm program to half 
duplex (local echo) 
300/1200/2400 8, N, 1 (i.e. 8 
databits, no parity, one stop 
bit) and call 800.638.8369. 
When you connect, type 
HHH, and then, at the U#+ 
prompt, type
XTX99048,SCUBA and hit the 
return key. Follow instructions. 
Internet mail access is avail­
able. Prodigy: Prodigy 
requires a special communi­
cation program that can be 
purchased at many computer 
stores. Canadian Diving 
BBS: 416.844.6613.
Hyperbaric Safety and 
Technology Network 
BBS:.703.922.0688. NACD 
BBS: Information: 912.246- 
9349. BBS:912.246.3280 (300- 
2400 Baud, 8, N,1). NSS-CDS: 
Information: 813.683.1073. 
Data: 813.684.9400

Cyberspace continued from p.7 

discussion ranged from obtaining a 
copy of Buehlman tables in Amsterdam, 
using Kodachrome 200 for U/W imaging, 
to building your own Delphi datareader 
including decoding the dump format. 
Internet also offers its own "tekkie" mail 
list, Techdiver, with about a hundred 
subscribers. Techdiver discussions have 
covered a mixed gas decompression 
program written by one of the sub­
scribers, in-water 02 recompression, 
and vomiting into your Aga. It isn’t 
unusual to get twenty messages a day.

...................... BITNET
SCUBA-L is a mailing list based on the 
BITNET network which is connected to 
the Internet. The audience and topics 
are similar to those on rec.scuba.

SCUBA-L’s 300 participant mailing list is 
maintained at Brown University and a 
hot topic can generate thirty messages a 
day. HYPBAR-L is another BITNET list 
devoted to hyperbaric medicine. 
Participants are typically hyperbaric 
technicians or MD’s discussing treat­
ment protocols. Five messages per 
month is the average. The list is based 
at Technion University in Israel.

******************* Commercial Services
If you cant’ get on the Internet, or you 
just can’t get enough, you might consid­
er tapping into a commercial services. 
Though Prodigy, GEnie, CompuServe, 
and America Online all have active 
scuba areas, you’ll usually find me on 
GEnie. One of the advantages of a 
commercial service is that "sysops" 
keep the areas organized. Another 
advantage of the commercial services is 
that many diving industry vendors are 
represented as well as quite a few of 
divings "notables." Have a question for 
Dive Rite Mfrg., DUI, Ikelite, International 
Hard Suits, Hamilton Research, ORCA, 
PADI or aquaCorps, just dial away.

All you need to access GEnie or 
CompuServe is a modem and terminal 
emulator program such as Procom or 
Kermit. There are also navigation pro­
grams that will assist you with access, 
but they aren’t required. For Prodigy 
and America Online, you will need a 
special access program. Access 
charges vary, and there may be a 
monthly fee or an hourly fee, which will 
depend on the time of day that you 
call, and what services you use. 
Typically, there are local access num­
bers in many areas. Availability varies 
by service.

********** Electronic Bulletin Boards
If you have a special interest, or you are 
lucky enough to live near an active, 
regional BBS, you may be no more than a 
quick phone call away from an informa­
tion fix. Typically, there is no fee for lim­
ited access. Numerous Electronic 
Bulletin Boards (called BBSs) are run by 
companies or individuals with an interest 
in diving. Here are a couple to consider:

The National Association of Cave Divers’ 
BBS is run by John Crea, Submariner 
Research Ltd. and has 200 registered 
users with about 30-40 regulars. Typical 
discussion topics include scooters, 
decompression, dive site reports, or 
finding a dive partner. There are 200 
registered users with 30-40 regulars. The 
National Speleological Society’s Cave 
Diving Section (NSS-CDS) has also set 
up a BBS service that will handle 14.4k

baud plus modems (available June93). 
The Hyperbaric Safety and Technology 
Network BBS is sponsored by Reimer’s 
Engineering and has about 50 registered 
users. Most of the on-line discussion 
revolves around hyperbaric systems 
and gas mixing. Articles are easily 
downloaded. Another example of a 
local, active diver’s BBS is the Canadian 
Diving BBS, in Oakville, Ontario. If I was 
headed that way and looking for a dive 
partner, I might well give them a call. 
See you online.

A NAUI, SSI, and HSA instructor, Nick 
Simicich is a ubiquitous Unix-friendly 
presence on the net. He can be con­
tacted at: 91 N. Bedford Road, 
Chappaqua, NY 10514, f: 914.739.5509. 
GEnie: N.Simicich, Internet:
njs%scifi@uunet.uu.net.

ADIGITAL
Approach to 

Shipwreck and Reef 
Mapping

by Rod Farb

T
he U.S.S. Monitor provided the 
testing ground for a new sys­
tem of mapping shipwrecks I 
developed utilizing powerful 
microcomputers and high res­
olution video technology. In the fall of 

1986, the National Oceanic and 
Atmospheric Administration (N0AA), the 
federal agency that manages the Monitor 
National Marine Sanctuary, determined

that my proposal 
to do photographic 
research on the 
U.S.S. Monitor had 
no adverse impact 
on the site. This 
opened the door to 

testing the new technique I had been 
working on for more than a year called 
“computer video image digitization” 
(CVID). Mapping the Monitor by CVID 
would provide a baseline from which 
future studies could determine the rate 
of deterioration of the site—something 
that had never before been done. 
Because of its excessive depth (230 
fsw/71 msw) and because no self-con­
tained divers had been permitted to dive 
on the site since its discovery in 1973, 
no baseline measurements have ever 
been made of the wreck. CVID is an 
ideal tool for mapping deep shipwrecks 
where bottom time is limited.

CVID involves the marriage of several tech­
nologies including high resolution video, 
digitizing capabilities and powerful comput­
ers that, prior to 1988, were available to 
only the military and the film industry. By 
1989, these technologies became available 
to anyone, but the systems were expen­
sive—$30,000 or more. Undeterred, I con­
tacted computer companies about my idea 
and within a year IBM, Data Translation, 
Bioscan, Xerox Imaging, Micrografix, 
Hewlett Packard, and Agfa Matrix had 
donated all of the equipment to make it 
possible to map the U.S.S. Monitor.

In CVID, Hi Band 8mm video and 16mm 
film cameras are used to acquire images of 
the wreck. These cameras, filming at a spe­
cific orientation to the wreck have a specific 
measurement standard built into the frame 
and can capture up to 36,000 images dur­
ing a twenty minute dive covering every 
nook and cranny of a site. An IBM Model 
80 PS/2 computer equipped with a high 
resolution digitizing board made possible 
the acquisition of individual images from 
the videotape or film. These images could 
be saved electronically on disks, output on 
a laser printer or sent to a film recorder for 
35mm slides. Using specialized software, 
objects in the digitized images can then be 
measured. From these measurements 
detailed maps of the site can be made.

Both East Carolina University and the 
Northwest Michigan Maritime Museum are 
using offsprings of CVID to map specific 
wrecks. However, CVID mapping is not just 
limited to shipwrecks. Recently, the PADI 
Foundation awarded me one of twelve envi­
ronmental grants to use CVID to map coral 
reefs in the Caribbean. Changes in reefs, just 
like shipwrecks, are measurable with CVID.

In the last five years, advances in micro­
computers, image capture, digitization and 
film recorders have made CVID a powerful
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Dr. Jill Yager collecting a remiped 
specimen in Queva de los 
Carboneros, Cuba using the YSI 
6000 Sonde. The sonde is a compact 
environmental monitoring device 
designed to assess water quality by 
measuring and recording six funda­
mental parameters; depth, dissolved 
oxygen, conductivity, Ph, tempera­
ture and oxidation reduction poten­
tial (ORP). This data can then be 
loaded into a PC— 
submitted by Robert Spokane.

tool for underwater research. 
Applications for CVID technology are 
limitless; mapping a subject is rela­
tively easy provided images can be 
made.

Author and professional photograph­
er, Rod Farb has worked on assign­
ment for National Geographic and 
other projects and is well known for 
his USS Monitor expeditions. He can 
be contacted at: Rt 1 Box 48AB, 
Cedar Grove, NC 27231, 
f: 919.732.6197.

S
ince their introduction in 
1983, the dive computer 
(DC) has become a standard 
tool for calculating "realtime" 
decompression in sport and 
scientific diving replacing the old 

watch and depth gauge system. 
However, in spite of their usefulness, 
DCs have had limited application in 
commercial diving. This limitation is 
not the result of a narrow minded atti­
tude towards computing,- commercial 
divers utilize many sophisticated elec­
tronic devices including monitoring 
systems and dive recorders. Rather it is 
due to the specific operational 
requirements of the job.

Commercial diving procedures have 
specific constraints that make their 
computing requirements quite differ­
ent then their sport diving counter­
parts. In fact, self-contained (scuba) 
diving is not considered to be a pro­
fessional method of intervention. The 
inherent freedom of a self-contained 
diver is viewed as unsafe due to limit­
ed gas supplies, the lack of communi­
cations and link with 
the surface in case of 
emergency. 
Commercial divers 
use umbilicals and 
diving baskets. The 
umbilical pro- __
vides and 
unlimited 

gas 
supply, 
c o m

munica- 
t i o n s ,

heating, depth 
monitoring, video 

camera and a solid 
link in case of trouble. 

 In commercial diving, 
everything is directed 

from the surface.

             Although commercial  div
ing is very different from an 

operational perspective, 

many people believe that 
computers, which are com­

mon on the job site, could 
minimize human factor 

problems and therefore 

contribute to overall 
safety. For that 

reason, Stolt 
C o m e x

Seaways set up a research programme 
to define the specifications of a com­
mercial dive computer and develop 
DIVA. Personal computers with a mini­
mum of a 286 processor and small 
hard drive were chosen as a platform 
on their basis of their wide spread 
availability.

DIVA is a surface-based dive comput­
er designed for use by the diving 
supervisor. Depending on the parame­
ters established for the dive, it moni­
tors both decompression procedures 
as well as the overall operation and 
serves as an onsite "expert system." In 
countries such as France, decompres­
sion tables are published in legislation 
and are a statutory requirement. In 
other countries, because of employer 
liability, the diving company must use 
well-referenced decompression pro­
cedures, such as the US Navy Tables, 
to demonstrate that they do not 
expose their employees to any undue 
risk. In either case, there is little flexi­
bility in selecting the decompression 
schedules which must belong to offi­
cial or approved tables. Interpolations 
and extrapolations are not allowed 
because each dive must be refer­
enced to a printed document. As a 
result, realtime decompression calcu­
lations are unheard of in commercial 
diving, rather computing a schedule is 
a matter of document retrieval. In this 
regard, DIVA works like a database 
providing easy access to accepted 
protocols rather than a realtime calcu­
lator.

Commercial diving utilizes document­
ed procedures to cover the span of 
operations including,- air or mixed gas 
diving, surface supplied or bell diving 
tables, normal or emergency situa­
tions. Dealing with a client may 
require references to the legislation or 
guidance from professional associa­
tions such as the ADC. DIVA includes 
a database for reference texts used in 
commercial diving that are often 
referred to as the "North Sea 
Standards," allowing the user to 
retrieve relevant information by title or 
by index. The database packs what 
would be a stack of manuals 1.5 
metres high (approximately 5 feet) 
into three 3.25" disks, saving both rain 
forest and the supervisors overweight 
baggage charges. Because these pro­
cedural instructions can be quite com­
plex, particularly when it comes to 
work optimization such as which div­
ing method to use, which bottom time 
and mix, or how many divers per sift, 
DIVA has a small built in "expert sys­
tem" that allows the supervisor to 
make his choice and define his best 
job plan.

DIVA 
The Lady of 
Commercial 
Computing

by Jean-Pierre Imbert

Finally, DIVA can conduct all the calcu­
lations that are expected from an on­
board computer. This includes the 
determination of equivalent depths 
and other relevant calculations such as 
mixing and consumption planning for 
nitrox diving, altitude diving, mud div­
ing or multi-levels diving. It even runs a 
small data base that stores the on­
board gas reserve status and edits gas 
consumption reports.

Today, a Beta version of DIVA is oper­
ating on a test basis at a number of

"Can you hear me?" 
"Yes," the robot answered promptly.

"Do you recognize me?" 
"Yes, Mr. Bradley." 

Good, thought Bradley. We're getting 
somewhere....

"Do you have any problems?" 
"No. All systems are normal." 

"We have sent a recall—Subprogram 
999. Have you received it?" 
"No. I have not received it." 

"One has been sent out. I repeat: Obey 
Code 999. Acknowledge." 

"1 acknowledge." 
"Then execute." 

"Command not understood." 
"Damn." 

Arthur C. Clark, 
Ghost from The Grand Banks

Stolt Comex Seaways job sites and 
DIVA T-shirts are given out for bug 
reports.

In the last six months of evaluation we 
have received very warm comments 
on the system and have given out a 
large number of T-shirts as well. Once 
the system is fully validated and 
proven reliable, we plan to distribute 
it throughout our operation sites but 
are not considering any further com­
mercialization at this time.

Jean-Pierre Imbert is the Quality and 
Safety Manager at Stolt Comex 
Seaways and has been involved in a 
variety of special projects including 
the development of DIVA and the 
Comex Hydra Program. He can be 
contacted at Stolt Comex Seaways, 36 
Boul. des Oceans, 13275 Marseille, 
Cedex 9 France, f: 91.40.12.80

Illustration by Jean-Pierre Imbert
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environmentalist

Jim Baden, San Bemadino, CA, preparing for a jump on the Andrea Doria. 
Team Doria Expedition, 1991. RV Wahoo.
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"In actuality, all maps 
incorporate assumptions 
and conventions of the 
society and the individuals 
who created them. Only hy 
being aware of subjective 
omissions and distortions 
inherent in maps can a 
user make intelligent 
sense of the information 
they contain."

Denis Wood, The Power of Maps, 

Scientific American, May 1993

O
ne of the great 
"needs" since the 
advent of deep self- 
contained technical diving 

has been for appropriate 
decompression tables. 
Unfortunately, there are no 
applicable "public domain" 
tables for most technical 
divers. Some commercial 
trimix tables have been tried, 
but these are not really 
designed for this type of div
ing, are not optimized, and 
are not publicly available.

Early technical diving 
with trimix began with cus
tom tables generated for the 
specific dive series; many of 
the early applications were 
for specific cave diving pro
jects. Custom tables are

available from several 
sources, but they are expen
sive, especially if a table is 
used for only one or a few 
dives. Recognizing this need, 
several entrepreneurs have 
recently developed computer 
programs designed to enable 
individual technical divers to 
calculate their own tables. 
These are moderate in cost, 
with each of the programs 
costing about the same as or 
even less than a single cus
tom table.

This article, the first of a 
two part series, describes and 
attempts to evaluate the four 
currently available pro
grams, which are the Dive 
Profile Analyzer (DPA)by 
Cybertronix, Pro Planner by

This review is the first of a 
two part series evaluating 
four "desktop decompression" 
software packages that were 
recently unveiled at the 1993 
tek Conference. Part One of 
the series provides a back
ground for the evaluation and 
discusses program features 
and use. Part Two will discuss 
and analyze decompression 
computations generated by the 
algorithms.

by RW Bill Hamilton and 
John T. Crea

DESKTOP
DECOMPRESSION

REVIEW



F1 compares the total decompression time calculated by each pro
gram to that of the Canadian DCIEM air tables for a 30, 60, and 90 
minute air dive to 100 fsw (31 msw). Note that though the variation in 
total decompression time becomes more pronounced as the the length 
of the dive increases. Maximum variation for the 90 minute dive is 33 
minutes.

F2 compares total decompression times for each program for a trimix 
17/50 dive to 250 fsw (77 msw) for 25 minutes using an EAN 36 inter
mediate mix and 02 @ 20 fsw (6 msw). These are compared to the Key 
West Consortium Tables prepared by Hamilton Research Ltd. Note that 
all of the desktop programs yield shorter decompression times with a 
maximum variation of 23 minutes. For more information on trimix 
tables see "Trimix Report," by Michael Menduno, pg. 36.

Aquatronics, Dr. X's Dive and Deco 
Planner, by DEEP, Inc., and MiG 
Plan from MiG Technologies. We 
regard these programs all as a 
"first cut" at this type of capability, 
and in this review we try to recom
mend ways they might be made 
easier to use and their output more 
valuable.

HOW THIS EVALUATION WAS DONE
The purpose of these "desktop 

decompression planners" is to plan 
an exposure of people to pressure 
(a dive) followed by a planned 
return to the starting pressure (a 
decompression table), all of which 
will result in an acceptably low risk 
of decompression sickness. The 
authors, as "providers" of custom

decompression tables, are obliged 
to be fair in our assessment. Even 
with some experience in decom
pression behind us, we found this 
task enlightening to say the least, 
and at times a bit frustrating. Both 
of us have developed and use 
sophisticated in-house programs 
for generating tables, one of which 
is Hamilton Research's DCAP© 
(Decompression Computation and 
Analysis Program) which is used in 
several laboratories, and in doing 
this we have encountered many 
problems and have seen the need 
for many of the features or capa
bilities of these planner programs. 
One of us (RWH) took the 
approach that a new user should 
not have to call for help in order to 
use the software, so we tried doing 
the evaluation in that manner, 
without using technical support 
from the developers.

We designed an array of dive 
plans that we felt would test the 
programs over the ranges where 
they would most likely be used. All 
programs seem to work, all took 
some effort to learn to use, and all 
presented some difficulties; we 
learned that our typical dives were 
not so typical. Tables T1-T3 sum
marize their operation and "user 
friendliness", computations, and 
information displays. More detail 
on computations, including gas 
consumption, and specifically on 
the conservatism or "J-factors" will 
be given in the next issue of 
aquaCorps. The conservatism or "J- 
factors" are critical, since they 
have a huge impact on the table 
generated. A table with any rea
sonable degree of conservatism can 
be generated with any of these pro
grams (except MiG Plan; see 
description). The problem is, how 
does the user know what is right? 
More about that next time.

Figures, Fl and F2 illustrate 
some of the air and trimix decom
pression computations generated 
by the programs. These are com
pared to the DCIEM tables (air) 
and the Key West Consortium 
tables generated by DCAP (trimix 
17/50 with EAN 36 intermediate 
mix and 02 @ 20 fsw/6 msw).

Note that the J-factors are all 
turned off or set as low as they go, 
so none of these would be recom
mended by their developers.

BACKGROUND AND TERMINOLOGY
Before discussing individuals 

programs, here is some fundamen
tal terminology and information 
we feel should be available to the 
user.

Pressure units: Because the planners 
deal with pressure, we feel they 
should operate in pressure units. 
Since most Americans still use 
imperial units, the foot of sea 
water, fsw, is probably a basic unit 
of choice. A foot of sea water is 
normally defined as 1/33 atm 
(1/33 of a Standard Atmosphere, 
which is defined as 1013.25 mbar), 
with some slight variations by 
some (e.g., 33.08). The definition 
of the unit is not the issue, since 
variations among the common 
unit definitions are trivial from a 
physiological perspective. But 
decompression planners should 
produce quantitative results, and 
as such their units should be pre
cise and traceable to a firm stan
dard somewhere.

If metric units are used, the 
metre of sea water, msw, is univer
sally defined as 1/10 bar or 10 Kpa. 
This makes the conversion factor 
between fsw and msw as pressure 
units equal to 3.2568 fsw/msw (but 
the conversion of units of length is 
3.2808 feet per metre. See Corps let
ters, a/c J5: 57-ed.). The issue of 
fresh or sea water is a bag of 
worms, covered in the next install
ment.

None ot the planners define the 
units they use; Dr.X refers to fsw, 
the others say "feet." All probably 
have small unit errors, which we 
regard as untidy but not physiolog
ically significant.

Partial pressure symbolism: Another 
pressure-related term could be stan
dardized. The symbol for the par
tial pressure of a gas as used by 
physiologists is a capital P, followed 
by a subscript identifier (such as 
I=inspired) and the chemical sym
bol of the gas. Thus P1N2 is the 
inspired nitrogen partial pressure, 
or just PN2 with "inspired" implied. 
The use of "F" to mean "fraction" 
in the same sense is encouraged. A 
lower case p as used by chemists 
has another meaning (as in pH) so 
can be confusing and is therefore 
discouraged. Diving operations 
people may use "PP" to mean par
tial pressure; this is unambiguous, 
but we use and recommend the 
physiologists method of PO2 for 
consistency.

Elapsed time display: Tables that present 
only stop times impose a handicap 
on the diver. A table should give 
the accumulated elapsed time to 
the end of each stop. In commer
cial diving, since the time to get 
the work done— bottom time—may 
not be known in advance the 
tables show decompression time,
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the time since leaving bottom. These are 
easy to run; just punch the clock,on 
beginning ascent and depart each stop at 
the indicated time. For tightly planned 
technical dives running time, the elapsed 
time since the beginning of the dive, 
works well also. Ideally the user should 
be able to get both decompression and 
running time at each stop. Another 
handy time is the time to first stop, since 
the diver needs to know this.

Oxygen limits: All the programs deal to some 
extent with oxygen exposure limits and 
issue warnings when limits are exceeded. 
Sometimes this is overdone, with so many 
warnings the user will ignore them. Dr.X 
beeps a warning whether the dive exceeds 
limits or not. For CNS oxygen toxicity 
warnings, DPA, Pro Planner, and MiG 
Plan use the fraction of the NOAA limits 
(described in Kenyon and Hamilton 
1989), a CNS toxicity fraction (or "CNS 
oxygen clock"). Dr.X (apparently) warns 
when a set PO2 limit is exceeded. All but 
MiG Plan accumulate OTU's (oxygen tol
erance units); these are not important for 
any but the most extreme dives.

Narcosis: A widely held assumption is that 
oxygen plays no role in narcosis, much 
the same as it does not contribute to 
decompression. Evidence, other than 
anecdotal, that this is true is lacking 
(Linnarsson et al, 1990). Several pro
grams calculate an equivalent narcosis 
depth based on PN2; we advise that this 
be used with caution. It might be better 
to assume that the narcotic effect is due to 
both N2 and O2.

DESIRED FEATURES
A certain few features, in our opinion, 

are desirable for programs that generate 
decompression tables.

None of the programs allow the user 
to modify a previously entered dive. It 
seems like it should be easy to include as 
defaults the values for the last dive calcu
lated, so the user could repeat the dive 
with desired changes; this would be 
extremely beneficial. For even experi
enced computer users the ability to 
"escape" back to a familiar menu is 
essential once a mistake is made. DPA 
has a "go back" code, and Dr.X a code for 
return to main menu, but none has a real 
"escape." Another essential feature is the 
ability to save a calculated table to a file, 
with the filename or table name showing 
on the table printout also. For existing 
programs that do not allow this (Dr.X and 
MiG), utilities such as PRN2FILE enable 
(some) printer output to be directed to a 
file. The printed table should also show 
the parameters or settings used to gener
ate the table, and should be dated.

A computation just as important as 
the decompression table is the volume of 
breathing gas used on a dive. All these 
programs except Pro Planner provide esti-

The Tech 7700 Series Buoyancy system is derived from specialized BCs that Zeagle has 
developed for technical, military and commercial divers. The 7700 

Series gives the serious technical diver a system with the 
features, flexibility, and strength necessary to perform 

under the most demanding conditions.

The 7700 Series is manufactured from high-tensile 
ballistic cloth, which covers the vest and protects 
the bladder assembly. The 7700 Series will 
accommodate either twin or single cylinder 
bands. The vest incorporates dual waist straps 
with heavy duty buckles and a sternum strap for 
added security and stability, regardless of the 

divers position. Eight stainless steel D-rings are 
attached to heavily reinforced tabs at strategic loca­

tions, providing for easy attachment of stage bottles, 
battery packs, lights and other special equipment. A 

touch fastener weight belt system is standard.

Optional features include: Ripcord weight release systems, additional redundant bladder 
assembly (providing a total lift capacity of 88 pounds) and a split saddle strap assembly for 
added vest security when the vest is heavily loaded. Custom configurations with additional 
D-rings or other special requests are available by quotation. Available in black only.

Zeagles’ Tech-50D regulator incorporates a revolutionary new 
“dry sealed” first stage design which eliminates water from 
the working mechanism of the regulator. This greatly 
enhances reliability, particularly under adverse condi­
tions or in cold water. The four low pressure ports 
are mounted on a swivelling turret, while the two 
high pressure ports (one with a 1/2” thread) allow 
you to conveniently position gauges. The pneu­
matically balanced second stage offers the high­
est standards of performance available, with 
diver control over both cracking effort (inhalation 
resistance) and venturi assistance (free flow con­
trol). Available with standard yoke or 300 bar DIN 
fitting. An optional handy DIN to yoke converter is 
available.

The Tech-50D exceeds the U.S. Navy “Group A” and the 
C.E.N. (European Standards Committee) standards for 
breathing performance, as verified by independent tests 
conducted by ANSTI labs. The Tech-50D is factory ready 
for use with oxygen enriched air up to 40% oxygen.

The Tech-50D Regulator available with 300 bar DIN fitting 
or standard yoke.

Tech 
7700 

Series shown 
with optional redundant bladder 
assembly and Octo-plus combi­

nation regulator/inflator

Contact the Zeagle 
factory or the 

authorized dealer 
nearest you.

Zeagle Systems, Inc.
Phone: (813) 782-5568 Fax: (813) 782-5569
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T1: COMPUTER OPERATIONS
Feature DPA ProPlan Dr.X MiG
Installation Program or copy files Use program only Program or copy files Program or copy files;

Manual Loose leaf, 50 pg Disk, 5 pg 2 pg 10 pg

Examples given, with expected output Many None None Sample screens

Copy protection Yes, uses h/w "key" Yes, must install None None

Troubles with installation "Key" not seen on Dell laptop. A wrong error message, not critical. Yes, must be careful None, easy. None

Waiver acceptance required Opening screen, detailed Yes, short Opening screen, detailed Opening screen.

Program personalized Name on tables Yes, opening screen Yes, opening screen, on screens, and tables Opening screen, in waiver

Escape to main menu Only at end of table; possible to back up Not often At any time by typing m, but it forgets mixes No

Works with %02 (not just inerts) Yes No, uses inerts only Bottom, no; EA, yes. Yes

Can redo previous dive with changes NO No Can reuse mixes right away only Can save mix definitions

Sensible defaults Not intuitive; does not remember gases Yes, but ail stops have to be keyed in Only a lew Remembers mixes during a dive

Whole table shows on screen Scrolls off; view with DOS utility program Use Print command to view table No, have to print Can scroll it up and down

Can save table to file Saves whole session; overwrites old file Yes No No

Printing Have to set before running dive Dot and laser, graphics; good control. Can't print after viewing Yes, does not print loadings

Telephone support easy Not encouraged Number not listed Phone number on screen Yes, listed

Error handling Poor. Often needs 3-key; but can go back Can't go back Tolerant; can't go back Can't go back; tolerant

Trouble shooting info Yes, good None None None

User friendliness Poor at first; not so bad after practice; not intuitive Pretty screens. Can't go back Straightforward; very mix oriented Crisp and simple, few options

mates of gas usage as a function of 
depth and a predetermined surface 
rate of consumption. Dr.X and DPA 
allow a different consumption rate 
for different stages of the dive. 
Utilities for mixing and for top
ping partially used tanks are 
given, but even the best of these 
(Dr.X) is limited, since the only 
reuse of a partly empty trimix tank 
is by adding air; use of pure inert 
gases or oxygen for topping is best 
left to the commercial gas suppliers.

There seem to be two approach
es a program (or dive computer) 
can take with regard to informing 
the user about what it is doing. 
One is to appear as a "black box" 
which takes input and spits out a 
table, without telling what goes on 
inside the box. The other is to be 
completely explicit as to what 
equations are solved. It would 
appear that the black box approach 
puts the burden on the designer to 
provide a proper decompression, 
while the latter approach only 
obligates the program to solve the 
equation correctly.

We strongly recommend the 
explicit approach. We would like 
to know the equations solved in

making the decompression calcula
tions. Where the implementation 
is straightforward according to the 
1984 book (on which these pro
grams are based), it may be suffi
cient to reference it, but if there are 
changes we want to know them. 
We especially want to know what 
the "J-factors" (the conservatism 
factors) do and how they are calcu
lated. Only the Pro Planner gives 
details to the extent of including 
half times, but all reference 
Buhlmann.

Not every user will be able to 
evaluate what these equations 
mean, and even those who do may 
not be able to judge easily whether 
the profile generated is reliable. 
Unfortunately, developers of pro
grams of this type do not (and can
not) provide the support in the 
realm of decompression physiology 
to be able to give the user all 
knowledge needed for using the 
programs and their output. This 
has to come from substantial expe
rience and/or from serious techni
cal diving training courses; unfor
tunately not all the available 
courses adequately dispense this 
level of training.

More details on the Buhlmann 
algorithm (1984) and some philos
ophy on decompression planning 
programs will be given in the sec
ond part of this series.

DISCUSSION OF THE PROGRAMS
Tables Tl-3 summarize the 

salient features of each of the pro
grams. A discussion of each is 
given below.

Dive Profile Analyzer (DPA): DPA comes 
with a loose leaf manual, the only 
"real" manual in the group. 
However, it has the figure refer
ences all mixed up (unnerving for 
a decompression program), but it 
has many examples. A manual is 
needed because the program is not 
intuitive and the user needs guid
ance at first.

Coded input data separated by 
commas is entered on a command 
line, following codes shown in a 
box on the screen. The coding is 
clever, but initially one feels the 
data could just as well be entered 
in response to prompts. However, 
command line input is faster than 
menus after a little experience, so 
this cryptic and initially unfriendly
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method is actually quite effective. 
A "quick review" page would be 
helpful.

DPA provides a comprehen
sive table, with running time at 
the beginning and end of each 
stop, but does not show decom
pression time. One inconvenience 
is that to see the table the user 
has to exit to DOS and run a pro
gram to view the file. The He J- 
factor would not set at 0 but it 
will accept 0.01. DPA runs a CNS 
O2 toxicity clock, but the output 
is in a warning, not on the table. 
The table identifies the third col
umn and PO2 levels as "bar," but 
the values in the column are 
atmospheres, a bit misleading.

PRO PLANNER
Without doubt Pro Planner 

had the slickest appearance, with 
a color graphics menu that 
includes little bubbles rising, a

good reminder of what we are 
doing. Input is intuitive and has 
flexibility, but every stop has to be 
entered, and even though it is 
done with defaults it can be 
tedious and this seems unneces
sary. Having to enter only the 
inert gases rather than the oxy
gen percentage is to us inconve
nient.

The model specifications say 
Pro Planner has 16 compartments 
and 16 tissues, adding to the con
fusion (these should be called 
compartments consistently). The 
specs mention capability with 
rebreathers to 300 msw or 970 fsw 
(with an O2-N2 mix!), which to us 
is a bit disconcerting because that 
makes it look more like a comput
er game than a serious program; 
they can't be serious! Even trimix 
to 200 msw (=651 fsw, but it says 
640) in our opinion is well 
beyond the scope of this type of

program to handle, if for no other 
reason because of overall opera
tional complexity.

The table screen is well done, 
with loadings and both a current 
and a history graph as well as the 
table (but why is the history on 
the right and the current dive on 
the left?). Scales on the graphs 
are inconsistent, done to fill the 
space but it makes them hard to 
compare. Stops are not at even 
10 fsw increments, causing one to 
wonder why. A big disappoint
ment with this program is that 
the table has no elapsed time.

Nowhere does it tell the user 
that a laser printer can be selected 
(by the Printer selection on the 
main menu), so we dusted off an 
old 9-pin printer, which worked 
but very slowly; this proved to be 
unnecessary as it has two laser 
printer choices, small and big 
print (nice!).

T2: COMPUTATIONS
Feature DPA ProPlan Dr.X MiG

Algorithm ZH-L16 (not sure of which version) ZH-L16 ZH-L16, modified (not stated how modified) ZH-L12 (also a 12 cmpt model, source?)

Halftimes given No Yes, but not limits No NO

J-factors Increases each inert gas by a % Increases inert 1% for each 5% factor "Safety factor" in %; increases 4 levels; more conservative limits 02 also

bottom time; different with air

Descent rate control Instantaneous, can step down. Instantaneous, can step down 66 fsw/min, set Instantaneous, can step down

Ascent pate control Instantaneous 10msw/33fsw  per min 33 fsw/min, set Not given

Can change mix in five Yes, at any stop Yes, at any stop Select in advance; only 1 trimix allowed Some options, not all

Constant P02 (rebreather) Yes, called "macro" Yes No No

Can "position" diver though a profle Yes Yes With difficulty "Load" allows profile freedom hut not mix control

Retains loadings to do repetitive 
dives by gas loading Says not to do it; have to "position'' thru first dive Yes, well developed Not possible Yes, well developed

Multilevel dives Yes Yes, well developed Not possible Yes, well developed

Hying after diving No Yes No No

Basis for EAD given n/a Not given n/a n/a

Diving at high elevations No Yes, good to 11500 feet elevation No No. A version that does this is available.

OTU count Yes, by stop & at end, warns on % exposure Yes, end of dive Yes, at each stop (615 limit inappropriate) No

CNS oxygen warning Only on P02 level Yes; gives % exposure Only on P02 level; beeps even when 02 low Yes, gives % exposure

Gas consumption Yes, bottom & decom No Yes, well developed Yes, only one level

Calculates tank topping NO Yes Yes, with air No
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Computer narcosis

DR.X
Dr.X takes the "no frills" 

approach to the screen, using 
straightforward and intuitive 
prompts. There is no capability for 
doing multilevel and repet dives, 
however. There is a mix selection 
algorithm which seems designed to 
keep the new user out of trouble. A 
nice feature is that one can escape 
to the main menu by typing "m" 
at any point, but the dive has to be 
started over. The gas definitions 
can be used again, if done right at 
the end of a dive, but the use of 
appropriate default values is mini
mal.

The table is comprehensive, 
has instructions and warnings and 
includes running time, but the 
printout has a copyright statement 
which seems to be printed right 
over part of the warning section. 
The warning area is cluttered and 
it is an effort to pick out the data. 
Asterisks mark points where there 
is a high CNS toxicity risk, but how 
this is determined is not described, 
and as mentioned, it beeps even 
when there is no violation. The 
table includes a calculated "one 
minute emergency ascent" which is

not the same as the first stop 
depth; its meaning is not clear to 
us. The total stop time is given, 
without the travel time, which is 
not as useful as total decompres
sion time would be.

A good part of this program 
and its utilities is directed toward 
gas management, selecting, mix
ing, and keeping track of gas con
sumption. We are told a manual is 
on its way.

MIG PLAN
The screen has gas definition 

on the left, a character-based load
ings chart in the middle, and a 
rather cryptic table on the right. 
The program will select appropri
ate mixes, in many cases without 
real control by the user, based on 
PO2 and air-equivalent narcosis 
(see discussion above). The user 
does not get to dictate gas switches 
specifically, but rather defines the 
range of use of each mix and the 
program does the switching; these 
appear to be appropriate, but may 
not be what the user wants. It 
seems to be possible to enter inap
propriate gases without a warning 
on entry. The program has a

"load" function which can be used 
for profile positioning rather easily. 
It will retain the loadings over a 
surface interval, permitting repeti
tive dives based on gas loading. It 
will not allow decompression to an 
intermediate depth, only to the 
surface. Only one gas consump
tion rate can be used. Bottom time 
is defined differently by MiG Plan, 
encompassing the interval between 
leaving surface and arriving at first 
stop. This also makes the dis
played run time non-standard.

The table only includes depth, 
running time and mix name, 
which is the bare minimum a diver 
needs but its value for analysis is 
limited.

The J-factor choice in MiG Plan 
is limited to certain categories, not 
a numerical value. The more con
servative choices also limit the PO2 
which can be used, perhaps pro
tecting the user against high oxy
gen exposure but greatly limiting 
the flexibility of the program. The 
commentary in the small manual 
is appropriate in warning about 
this program's providing the 
capacity to do dangerous things; 
the solutions are generally bucked

T3: DISPLAYS
Feature DPA ProPlan Dr.X MiG

Gas loadings displayed No Yes No Yes, character graph

lime to first stop By subtraction only No Yes; added to bottom time No

Decompression time at stops No No No. (But it does show on screen display) No. And no stop times!

Running time at stops Yes No Yes Yes, non-standard

Total decompression time Stop & travel totals Yes Stops only No

for whole table shown separately

Total running time Yes NO Yes Yes

Time of day display No Yes No No

User can put comments on table NO No No No

J-factors used show on table Yes Yes Yes No

Filename shows on table Yes (session ID) NO n/a n/a

Date shows on table No. Random code#? No No No



off to the training courses, but 
some bad practices such as yo-yo, 
reverse, and multiple deep repeti
tive are mentioned.

CONCLUSIONS
These programs are a first step 

toward filling the gap between tra
ditional decompression tables and 
on-line, realtime dive computers. 
They permit user-controlled dive 
planning for many special cases 
where presently there are few 
options. No one can say whether 
they produce “safe" output, and 
people in the decompression busi
ness are reluctant to use that word 
with even their most reliable 
tables. Reliability depends on the 
degree of conservatism. We do not 
worry nearly as much about 
whether the programs can calcu
late good tables as we do about 
whether the users can make the 
judgement as to when they are 
good. Details about this and the 
table computations in general will 
be covered in a later article.

None of the programs at pre
sent qualifies as a “best buy," but 
they all represent a good start. 
They are usable now, with some 
inconveniences and difficulties. 
The developers see the problem 
from different perspectives, and

ours are different from those. We 
would like to see, just for the 
record and not for daily use, more 
about how the calculations are 
done. One of us (RWH) is commit 
ted to a display of decompressior 
time, but running time is a close 
second and is best for many o 
these applications. All the pro 
grams could be easier to use; one 
way they could all benefit is tc 
retain the data from the last dive 
as defaults for the next one 
enabling similar dives (e.g., same 
depth and different bottom times) 
to be done. More to come.

Dr. R.W. Bill Hamilton is is a 
diving physiologist and principal 
of Hamilton Research Ltd. with 
over 20 years of decompression 
management experience in the 
hyperbaric and aerospace indus
tries. He can be contacted at: 
HRL, 80 Grove St., Tarrytown, NY 
10591-4138, f:914.631.6134. 
John T Crea is an anesthesiologist 
and principal of Submariner 
Research Ltd. which provides cus
tom tables and consulting. He 
can be contacted at: SRL, PO Box 
1906, Bainbridge, GA 31717, f: 
912.246.9349. Both are con
tributing editors to aquaCorps 
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Desktop 
Software

Dive Profile 
Analyzer.
Author: Corey 
Berggren 
Cybertronix, Inc., 
3435 Redbud 
Drive, Knoxville, 
TN 37920. 
p: 615.977.0360. 
Australia: High 
Tech Divers 
p: 61.2.418.9507 
f: 61.2.418.9513

Pro Planner.
Author: Kevin Gurr. 
Aquatronics, 42 
Marsh Road, 
Thatcham, RG13 
3QR, England, U.K. 
p:44.635.869.185, 
f: 635. 869.185 
US: IANTD, 1545 
NE 104 th St., 
Miami Shores, FL 
33138 p/f: 
305.751.4873

Dr.X's Dive & 
Deco Planner.
Author: Sheck 
Exley. DEEP Inc., 
Route 8, Box 374, 
Live Oak, FL 32060 
p: 904.362.7589

MiG Plan.
Authors: Jody 
Svendsen and Dan 
Nafe. Mig 
Technologies, 2000 
NW 88th Court, 
Miami, FL 33172 
p: 305.594.4994.

"Telepresence" was 
marvelous, but it 
could sometimes be 
a dangerous illu
sion. You might 
believe you were 
experiencing a hun
dred percent of some 
remote reality but it 
was only ninety five 
percent— and that 
remaining five per
cent could be vital: 
men had died 
because there was 
still no good way of 
transmitting those 
warning signals 
that only the sense 
of smell could 
detect.

Arthur C. Clark, 
Ghost from The 
Grand Banks
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Dive 
Profiler 
by Karl Shreeves

"What was your profile?” the dive­
master asks.
"60 feet for 55 minutes. Great dive.” 
In recreational, technical and other 
self-contained diving, conversations 
like this probably take place hun­
dreds of times daily around the 
world. The diver will record “60 feet, 
55 minutes” and proceed accord­
ingly. Repetitive dives will be 
planned based on "60 for 55,” and if 
the diver suffers decompression ill­
ness, the profile goes into the 
record. Yet self-contained divers 
rarely conduct square wave dives; 
calling maximum depth and time, 
“the profile” is nothing more than a 
reference to tables —a bit archaic 
considering the widespread use of 
computers.

Enter the Dive Profiler from 
ORCA/EIT which works in tandem 
with the Delphi and Phoenix com­
puters. With the Profiler, the dive 
profile is, well, the actual profile— 
depth and time sampled in two 
minute intervals.

••••••••••••••••• 
FEATURES

In a nutshell, the Dive Profiler allows 
you to download profile data from 
an Orca Delphi or Phoenix computer 
through an optical data reader. You 
match the data with other manually- 
entered dive information, such as

dive site, temperature, gas con­
sumption and notes, to create a 
dive log.

Profiling a dive is easy. Call up a 
log and a depth/time graph 
appears with a Delphi/Phoenix face 
replicated along side. Click the 
“go” arrow and the profile draws 
itself across the graph (you can 
vary the rate) with the 
Delphi/Phoenix reading out as if 
you were making the dive. You 
can pause and resume the profiling 
at any time. Dive Profiler will print 
both text logs and graphics. 
Multiple diver logs can be main­
tained and the data can be export­
ed to other computers.

The Profiler runs on PC-compatibles 
operating with a “Windows” (3.0 or 
higher) environment which may be a 
drawback to some users. Windows 
is a memory guzzler, 
making it not exactly 
ideal for meagerly- 
powered machines (A 
386 and 2MB RAM is 
recommended).
Another concern is the 
need for multiple serial 
ports (one for the 
mouse, one for the 
Data Reader/printer).

•••••••••••••••• 
Applications
In return for slightly 
“stiffer” hardware 
demands, the tech­
nology represented by 
Profiler may redefine 
the notion of "profiles” 
forever. Dive Profiler 
and the Phoenix have 
immediate application 
in technical, research 
and recreational diving 
in areas such as 
decompression 
research, runtime con­
firmation, mapping, 
training and improving 
log accuracy.

Eventually this technol­
ogy may enable any 
diver to participate in 
an industry-wide 
decompression data­
base. It’s simply a mat­
ter of time. And depth.

Note that the 
next version of 
the Profiler, 
scheduled for 
release in Q4, 
1993, will report­
edly offer a dive 
simulator based 
on the ORCA 
computational 
algorithm—ed.)

A new addition to aquaCorps 
advisory board, Karl Shreeves is 
coauthor of “The Recreational 
Divers Guide to Decompression 
Theory, Dive Tables and Dive 
Computers,” along with Dr. John 
Lewis. Shreeves is the Manager 
of Technical Development at PADI 
and serves as the liaison to the 
technical diving community. He 
can be reached at: PADI, 1251 
East Dyer Rd., #100, Santa Ana, 
CA 92705, f: 714.540.2609, 
GEnie: K. Shreeves.

More 
Software

For photogra­
phers the job of 
organizing and 
labeling your 
slides just vastly 
improved. The 
CRADOC 
CaptionWriter 
TM IV is a won­
derful resource 
tool which helps 
you categorize 
and label your 
slides. If your 
tired of labeling 
slides by hand or 
wondering 
where that 
favorite slide 
went to, this 
time and money 
saving tool is for 
you. Contact: 
Perfect Niche 
Software Inc., 
7100B E Main, 
Scottsdale, AZ 
85251, ph: 
602.945. 2001, 
fax: 
602.945.1023.— 
submitted by Wes 
Skiles.

Ocean Diving 
has just released 
"Mix Master," a 
software package 
that enables 
qualified mix 
users calculate 
appropriate gas 
mixes for a given 
depth including 
EAD, END, and 
OTU loading cal­
culations. The 
software will also 
display amounts 
of gas required 
to achieve a 
desired EAN or 
helium-based 
mixture. Mix 
Master runs on 
IBM compati­
bles. Contact: 
Ocean Diving, 
750 East Sample 
rd, Pompano 
Beach, FL 33064 
p:305.943.3337

VisionTech has 
just released a 
graphical 'no­
stop' decompres­
sion and gas sup­
ply simulator, 
PDS (Professional 
Dive Simulator) 
based on the 
USN Air algo­
rithm with an 
EAN 32 conver­
sion. Virtual div­
ing is here. 
Contact: 
VisionTech Inc., 
PO Box 1416, 
Mentor, Ohio 
44061 p: 
800.858.8317.
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About twelve to fifteen years ago in response to the then growing num- 
 ber of fatalities, the cave diving community developed a set of safety
 principles based on the then new tool of “accident analysis.” Later
 refined by pioneer Sheck Exley and elucidated in his book, Basic Cave

 Diving: A Blueprint For Survival (Exley, 1979, 1986), accident analysis is
 a means to rigorously dissect an accident into it’s constituent parts

with the goal of determining “what went wrong.” Applying this tool to 
cave diving it was found that most diving accidents could usually be 

attributed to a primary causal factor and typically one or more contributing factors. What’s more 
is that these factors could be “boiled down” into five basic cave diving safety principles; be 
trained, utilize a continuous guideline to the surface, manage your gas according to a third’s 
rule or better, don’t dive deep (on air), and carry at least three lights. A sixth principle, known as 
“Eternal Vigilance,” states that, “Anyone Can Die At Any Time On Any Cave Dive.” Accident 
analysis and these resulting safety principles have become the cornerstone of cave diving safe­
ty ever since.

Numerous other analyses of sport diving accidents have been conducted following the early 
cave diving work. In 1989, Mano and Shibayama, published a study titled, “Aspects of Recent 
Scuba Diving Accidents,” (Mano and Shibayama, 1989) which analyzed 264 fatalities and 319 
incidents of decompression illness and arterial gas embolism. According to the authors, over 
45% of sport diving fatalities that occurred were due to “reckless diving” or “lack of technique.” 
Most appear to have been preventable. In another study, Chowdhury, in affiliation with the 
National Underwater Data Center (Chowdhury, 1989) conducted an analysis of wreck diving 
accidents. His conclusions were that 73% of the accidents involving wreck penetration were 
due to the “lack of a continuous guideline,” while 42% of the fatalities that occurred external to 
a wreck were due to “Out of Gas” emergencies.

In 1990, Exley, revisited his earlier work in a paper published in Underwater Speleology (Exley, 
1990). Based on the recent trends in accidents, Exley concluded that perhaps too much 
emphasis was being placed on the basic cave diving principles in light of more recent tools and 
techniques being employed by cave divers (ex. mix technology), and that an expanded list of 
safety recommendations should be developed.

Exley’s conclusions provided motivation for this paper. Our approach was to attempt to identify 
and address the factors that could potentially result in diver injury or death building on the cave 
diving safety principles and practices from the community. The resulting guidelines are orga­
nized into seven categories; Requirements, Training, Gas Supply, Gas Mix, Decompression, 
Eouioment and Ooerations.

REQUIREMENTS
The generalized requirements for conducting technical dives were aptly summa
rized in the form of the acronym, AKTEE by technical operator, Jim Baden.
These are:

A—Attitude: Why are you doing this? A proper attitude is essential to conduct­
ing technical dives safely. There is no room for recklessness or machismo.

K—Knowledge: Without the proper knowledge there are no options when 
problems occur.

T—Training: Skills must become second nature— a part of muscle memory.
E—Experience: Experience is exposure and environmental specific and takes 

time to build. Extensive wreck diving experience does not qualify a diver for 
cave diving and visa versa.

E—Equipment: Every dive requires an appropriate set of tools.

t r a in in g
Technical training is an “ongoing” process similar to training for an athletic season 
or flight training. Continual practice is the key. Completing a formal course is a 
good first step, but is only a starting point. It does not in itself prepare you to 
make the dive. Technical diving is a discipline, not a card.

1. Always be prepared and trained for the dive you plan to conduct.
Ask yourself if you, and your partner, meet the AKTEE criteria.

2. Review and practice emergency procedures frequently so that they 
become second nature.

BLUEPRINT 
FOR 

SURVIVAL

REVISITED

SAFETY GUIDELINES 
FOR “EXTENDED 
RANGE” DIVES

by Michael Menduno 
and Capt. Billy Deans

Following the tragic "technical- 
level" accidents that occurred 
last summer in the U.S. 
(Menduno, 1992), the authors 
and other members of the com
munity felt that a basic set of 
operational guidelines were 
needed to guide the conduct of 
"extended range" diving. * 
Though initial training standards 
had been established by the 
American Nitrox Divers Inc 
(ANDI) and the International 
Association of Nitrox & Technical 
Divers Inc. (IANTD), and are 
continuing to evolve, there is 
currently no set of agreed to 
operational guidelines similar to 
those developed by the cave 
and scientific communities.

This paper sets out a basic set 
of operational guidelines based 
on what we perceived as the 
"best" practices from the techni
cal community drawing heavily 
on accident analysis techniques 
developed by the cave commu
nity. As such they represent a 
starting point for the develop
ment of "community consen
sus" guidelines for technical div
ing. We offer the following for 
consideration.

* Extended range diving refers to self- 
contained sport diving beyond the 
established recreational/sport diving 
limits; (US) no-stop air dives in an 
open-water environment to 130 fsw, 
(UK) limited air decompression dives to 
50 msw.
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GAS
Ensuring adequate gas supplies is the major constraint factor in self-contained diving and represents the single 
largest risk factor. In particular, planning and carrying adequate gas reserves is critical.

3. Always dive an appropriately redundant breathing system (minimally first and second stage redun­
dancy) in an overhead environment, or when diving in open water beyond about 60 fsw (18 msw).

4. Pre-plan and calculate the gas required to conduct the dive (Gas requirements = planned con­
sumption plus required reserves) and dive your plan. Always dive your bottom gas using at least the 
Rule of Thirds in an overhead environment, or a suitable equivalent in open water, depending on the 
operation. There should be sufficient reserves for the dive team to exit safely in the event one diver suffers 
a “catastrophic” gas loss. For “extended” open water dives, the consensus seems to be to reach your 
first decompression stop with one third of your bottom gas remaining.

5. Plan at least a 33% reserve (1.5 x planned usage) for your decompression gas Depending on the 
operation, decompression cylinders should be equipped with redundant regulators.

6. When possible, carry all the gas you will need for the dive unless it can be reliably staged, 
depending on the operation and environment. Note that the ability to reliably stage gas is one of the major 
differences between cave and wreck diving. In open water diving the goal is to be “self-suffi
cient,” to the maximum extent possible. Based on an analysis of gas logistics, the self-sufficiency 
“breakeven point" for extended open water dives appears to be about 250-300 fsw (77-92 msw) for a 
two person team depending on the duration of the dive. Open water dives beyond this require an exten­
sive support team and effective communications.

GAS MIX
Mix technology is a tool designed to improve underwater safety and performance when properly applied. The 
most critical factor in special mix diving is oxygen management due to the risk of a CNS toxicity convulsion.

7. Always dive the safest possible mix(es) for the dive you plan to conduct.
8. Always analyze and label your gas and regulators before making the dive. Make sure you know what you 

are breathing.
9. Maintain your PO2s below 1.5 atm during the working phase of the dive and anytime 

more than light work is being done, boosting oxygen levels to a maximum of 1.6 atm with care, 
during resting decompression. The community standard today is to run travel and bottom mix at about 
1.2-1.45 atm, depending on conditions and the operation. Take regular “air breaks" as a safety hedge 
every 20-25 minutes when breathing oxygen. As succinctly summarized by Terry Billingsley (Hamilton, 
1985), "CNS Toxicity is like sand beside the road. If you stay on the road you won’t get into trouble."

W”Just Say No” to nitrox mixes (”air“) beyond about 180-200 fsw (55-61 msw) or less, 
depending on the operation and environment. In particular keep equivalent narcotic depths (END) as shal
low as operationally and economically feasible, preferably 150 fsw (46 msw) or less.

d e c o mpr e s s io n
Decompression illness is not an accident. It happens and will continue to happen as a predictable part of diving.

11. Always use appropriate and reliable decompression methods and tools for the dive your planning 
to conduct and be conservative.

12. Utilize a hyperoxic mix for decompression (ex. oxygen and/or suitable EAN mixes) whenever possi­
ble when conducting a staged decompression exposure. Note that the technical community has become 
much more vigilant in the use of oxygen or EAN for decompression. Oxygen at 10 and 20 fsw (3 and 6 
msw) is preferred. Air, and to a lesser extent EAN mixes, are generally regarded as inefficient at reducing 
decompression risk (Vann, 1992).

13. Limit oxygen decompression to 20 fsw (6 msw) or less (max. PO2=1.6 atm) and use care. 
The diver breathing a decompression mix or oxygen should avoid anything that would increase the likli- 
hood of CNS oxygen toxicity, or specifically, anything that might raise the diver’s carbon dioxide level. Use 
an oxygen regulator ‘guard’ to prevent the accidental use of pure oxygen at depth. Color 
coding and labeling are insufficient safeguards.

14. Plan for and always be prepared to deal with decompression illness (DCI). In particular have 
plenty of oxygen immediately available for treatment after any diving operation and know how to use it. 
Many people believe that low cost portable on-site chambers will eventually become the order of the day.

EQUIPMENT
Your equipment is your life support system which allows you to survive in a physiologically hostile environment. 
Second only to breathing equipment in importance, safety lines and a decompression line system are critical to 
diver safety.

15. Always use the best possible equipment that is well-maintained and appropriate for the dive you 
plan to conduct and the environment. Redundancy on all essential subsystems is key. In particular, 
always carry appropriate emergency equipment and know how to use it, for example: three 
lights (overhead environment), a decompression reel & lift bags (open water), surface signaling device 
(open water) and a bail-out bottle (when diving as a team of one)

16. Always use a continuous guideline when diving in an overhead environment, and/or a decompres
sion line system when conducting extended and/or deep open water dives. Note that conducting 
multi-level extended open water hangs without a safety line home is tricky and can be hazardous, particu­
larly when using hyperoxic decompression mixes, where depth control is critical.
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Typhliasina pearsi—the “Mexican Blind Cave Fish”— was 

discovered by Hobbs in 1936. Approximately five inches 

long, Typhliasina is a trogiodyte, that is an animal adapted to 

the cave environment exhibiting the common charateristics of 

lack of functional eyes and loss of skin pigmentation. It is 

believed that this is the first time an in-situ picture of this elu

sive fish has been published.

Typhliasina was photographed in “Satan’s Silk Hole” on the 

syphon side of the Carwash Cenote in Q.ROO Mexico, a low 

flat area covered with black silt an arm’s length deep. The 

project required nine dives on an 80 fsw schedule using dou

ble cave-configured eighties. The photography was extraor

dinarily difficult due to silt outs and the constant movement 

of the fish. As a result, it was impossible to use the viewfinder. 

The camera was prefocused to six inches and operated in a 

“point and shoot” mode. The picture was made with a F-3 

Nikon, 55 mm macro lense in an Aquatic housing using two 

strobes. Film was professional 200 kodachrome at 1/80 sec. 

and F22.

Lalo Fiorelli is a fine art photographer specializing in the underwater 

cave environment. He can be contacted at: 250 Rocky Road, Soquel, CA 

95075,f:408.464.1854.
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17. If possible, wear breathing equipment that allows you to survive an underwa
ter convulsion/loss of consciousness, such as a full face mask system or 
retaining strap. The use of full face masks is growing the will likely become a 
standard for many technical diving applications due to their many advantages.

o pe r a t io n s
Technical dives are operations: a project or venture involving; planning, preparation, 
organizational structure, the use of proper equipment, teamwork, competent execu
tion, and the capability of responding to emergencies effectively and immediately 
Diver safety is always the first priority In terms of support requirements, technical 
dives fall somewhere in between recreational dives and commercial operations. Note 
that all dives are operations. In the case of “recreational diving, ” the requirements are 
minimal.

18. Pre-plan all aspects of the dive you intend to conduct. Design your 
operation with the goal of being able to provide effective and immediate 
assistance to a diver in distress at any point in the dive. In particular, 
be prepared for the worst, and always have plenty of oxygen on hand 
and know how to use it. Above all, if your not prepared to do it right, don’t do it.

19. Always dive as a team, utilizing surface support personnel, and when 
appropriate, in-water support divers, whenever possible. In particular, designate 
an operations manager, who is responsible for overseeing diver safety and 
record keeping. Note that The “buddy system” is not reliable enough for extended 
range diving. A team approach is required though a team of one is perfectly 
acceptable in many circumstances, depending on the operation and environment. 
Above all, always honor rule number one of team diving, Anyone can “call” the 
dive at any time for any reason (Anyone can die just as easily.)

20. Utilize an effective communications system between the dive and support 
team whenever possible. In the future, wireless communications systems will 
become standard.

21. Remember, YOU, and YOU ALONE, are responsible for your own safety. 
Never permit overconfidence or peer pressure to allow you to rational
ize compromising safety procedures. It could ruin your whole day.

Michael Menduno is the editor and publisher of aquaCorps Journal. He can be con
tacted at aquaCorps, PO Box 4243, Key West, FL 33041, f: 305.293.0729. Capt. 
Billy Deans is the owner of Key West Diver Inc., Technical Diving Center. He can be 
contacted at KWD, MM4.5, US #1, S.I., Key west, FL 33040, f: 305.294.7612.
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Betts, Bernie Chowdhury, John Crea, Sheck Exley, Lalo Fiorelli, Steve Gerrard, Dr. R.W. Bill Hamilton, Lad Handelman, 

Lamar Hires, Jean-Pierre Imbert, Jim King, Dick Long, Tom Mount, National Association For Cave Diving, National 

Speleological Society—Cave Diving Section, Karl Shreeves, Joel Silverstein, Lee Somers, Dr. Bill Stone, Dr. Richard 

Vann and Hal Watts.
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Talk tek to me 
THE VIDEO

FIND OUT 
what insiders 
are saying 
about the 
technical 
diving 
revolution 
for less than 
the cost of a 
trimix fill...

Whether your a manufac
turer, dive store owner, 
dive operator or are just 
interested in the exposure, 
Talk tek to me, will bring 
you up to date on the revo
lution in self-contained div
ing and how it could effect 
your operation. Tune in. 
Turn on. And find out.

• Where is the market headed?

• Is mix the wave of the future?

• What about liability?

• Do I need a portable chamber?

• Are there standards?

• When will 'low cost’ closed 
circuit be available?

TO ORDER SEND:    $24.95

plus $4.00 p&h ($6 Int’l) to:

aquaCorps
PO Box 4243, 
Key West, FL 33041. 
f: 305.293.0729

A Roller U/W Production
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NINCIDENT 
REPORTS

OXYGEN: 
GOOD, BAD, AND UGLY

An aquaCorps report

BOTANY BAY, AUSTRALIA
1993 February—A diver experienced an out-of-gas emergency as a result of 
equipment failure, lost buoyancy control during descent and blew to the sur­
face following a 18 minute, 207 fsw (64 msw) air dive on the SS Woniora, 
omitting 44 minutes of decompression. The surface support team returned 
the diver to the water within five minutes for in-water oxygen therapy begin­
ning at 20 fsw (6 msw). After completing 30 minutes of oxygen decompres­
sion at 20 fsw (6 msw), she ascended to 10 fsw (3 msw) where she complet­
ed an additional 30 minutes. She surfaced without apparent symptoms, was 
placed on surface oxygen and evacuated to a hyperbaric center which was 
30 minutes away.

The diver presented mild neurological decompression illness on admission 
and was treated on an USN Table 6 with two follow up treatments of two 
hours each at 30 fsw (9 msw) on subsequent days. She was discharged 
three days later with no apparent residual symptoms. Although in-water ther­
apy was not condoned by hyperbaric officials, they stated that the diver 
probably would have presented in a far more serious condition had it not 
been carried out.
—Submitted by Fob Cason, Fun Dive Centre, Sidney, Australia.

MERIDA, MEXICO
1993 March—A full cave and nitrox instructor suffered an oxygen convulsion 
during a deep air dive in a sink hole in Mexico and drowned. His partner who 
experienced CNS toxicity warning signs during the dive and a safety diver 
survived. The two later recovered the body.

The team had planned a 20 minute air dive in excess of 230 fsw (71 msw)— 
the depth of the saltwater halocline— in a cavernous open-water sinkhole 
near Merida on the Yucatan Peninsula. Because of the difficulty in obtaining 
helium mixes in Mexico, the team decided to conduct the dive on air followed 
by oxygen for decompression. Both were experienced deep divers. A 
weighted descent line was rigged for navigation and for staging oxygen and 
extra air cylinders. The safety diver was to descend with the team to 220 fsw, 
ascend to a shallower depth and wait for the dive team.

After a long slow descent past the halocline, the team tied into the descent 
line to explore the well at a leisurely pace. Informed sources estimated their 
maximum depth to be close to 300 fsw (92 msw) (A PO2 in excess of 2.0 
atm-ed.). The surviving partner experienced a tingling in his lower lip and 
turned back to call the dive only to see the diver headed back as well. When 
he reached the line, he sensed that the diver was in trouble. The diver 
grabbed the line and began a hurried hand-over-hand ascent. The partner 
reached the diver, gained control and they began to ascend together. The 
diver continued to pull on the line creating slack and getting himself tangled. 
His partner cut him free. The diver then darted got tangled again and appar­
ently convulsed. By the time his partner reached him the diver’s regulator 
was out of his mouth. At that point they were still deeper than 230 fsw (71 
msw). After repeated attempts to force the regulator back into the diver’s 
mouth with no success, the surviving partner realized the diver “was gone” 
and leaving the body entangled in the line, ascended to complete his decom­

pression. Following decompression, the partner and safety diver were able to 
pull up the line and recover the body.

POMPANO BEACH, FLORIDA
1993 March—An experienced 47 year old spearfisherman apparently 
switched to his oxygen regulator by mistake while chasing down a grouper at 
about 220 fsw (68 msw) during a deep air dive, convulsed and drowned. He 
was found on the railing of the RB Johnson with his regulator out of his mouth 
by his partner, who was reportedly diving trimix. The body was later recovered 
by the charter boat captain.

The diver was wearing twin “independently configured” 100 cubic foot cylin­
ders, and an E-cylinder oxygen pony for decompression. Using this configu­
ration, a diver must repeatedly switch regulators during the dive in order to 
balance the gas supplies. Though the diver used a distinct oxygen regulator 
which was labeled in green, his primary, secondary and oxygen regulators 
were banded together and mounted over his right shoulder. It is believed he 
mistakenly switched to his oxygen regulator in the heat of the chase (A PO2 
of 7-8 atm), having speared his first grouper at 240 fsw (74 msw) earlier in 
the dive. He convulsed, spitting the regulator out of his mouth and drowned. 
Vomit and blood were found in his mask.

ST CROIX
1993 May— A deep air diver was reported missing and is presumed dead 
after he failed to return from an afternoon solo dive. The diver had been train­
ing for some time in hopes of setting a new record for deep air diving and 
had spoken about his plans to several individuals in the States who tried to 
dissuade him. According to local observers the diver had made air dives in 
the 470-520 fsw (144-160 msw) range, qualifying him for some kind of 
record.

The diver was last seen late on a Wednesday afternoon when he typically 
made solo dives. Later, friends found his car parked near the dive site, Twin 
Palms, and reported him missing when he did not show up by 9:30 pm. The 
local dive store apparently said he went out a 4:00 pm. Search divers were 
unable to find the body.— Excerpted from CompuServe and the “Virgin 
Island Daily News.”

KEY WEST, FLORIDA
1993 May— A diver mistakenly switched to his “labeled and color-coded” 
oxygen regulator instead of EAN 36 at his 90 fsw (28 msw) decompression 
stop following a 25 minute exposure to 210 fsw (64 msw) conducted on trim­
ix 17/50. The diver ‘seized’ approximately four minutes later at his 70 fsw (21 
msw) stop during the mix training dive and spit his regulator out of his mouth.

A second diver was on the scene in seconds, and unable to reinsert the reg­
ulator and having a substantial decompression obligation, inflated the divers 
BCD and sent him to the surface. The diver was picked up immediately by 
the surface support crew and displayed faint irregular breathing. He was cut 
out of his equipment, lifted on the boat and placed on oxygen when he 
became semi-conscious. Emergency evacuation procedures were initiated 
and the boat left to rendezvous with an ambulance dockside about 50 min­
utes away. The diver regained full consciousness within about 15 minutes 
and did not exhibit DCI symptoms. He was evacuated from the hospital to a 
chamber within a hour and a half. Still not exhibiting symptoms he was treat­
ed with a Table 6. The diver has little memory of events following his 90 fsw 
stop until regaining consciousness at the surface. Apparently his only warn­
ing was a ‘vague’ feeling that something was wrong after switching to 02.— 
Deported by Key West Diver Inc.

Note that following an extensive accident debriefing, Key West Diver 
Technical Diving Center has devised a simple effective oxygen regulator 
‘guard’ to prevent the unplanned use of oxygen at depth using surgical tub
ing. The management team believes that neither regulator labeling and/or 
color coding, or standardized stage bottle placement are sufficient safe
guards to prevent these types of incidents. For information on how to con
struct a guard call 800-873-4837 f: 305.294.7612.

* The title of this report was based on a chapter, Understanding Oxygen: The Good, The 

Bad, and the Ugly, Mixed Gas Diving, by Tom Mount, Bret Gilliam et al, Watersports 
Publishing, San Diego, CA 1992.
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Plan the dive and dive the plan has long been the 
mantra employed in all areas of diving. Technical 
divers, in particular, spend more time planning their 
dives than many recreational divers. This is due 
to a number of factors including increased risks, 
greater depths, high gas usage at depth, increased 
decompression obligations, increased oxygen 
toxicity loading, and a host of other reasons. For 
many recreational divers, dive planning has become 
a lost art, but technical divers still place a large 
emphasis on the value of dive planning. Despite 
this, the methods of dive planning have changed 
to take advantage of changes in technology and 
equipment. In this article, we will look at how dive 
planning for technical divers has evolved, and 
how we can best make use of modern technology 
while still maintaining safety. We will consider how 
understanding the functions of your dive computer 
can provide additional information to help you 
dynamically plan your dive.

In the olden days...
In the early days of technical diving, there were no 
PC planning tools or dive computers suitable for 
technical dive planning. The only option for planning 
a dive was to look up a decompression schedule 
using pre-generated tables. Initially, not even the 
pre-generated tables were publicly available, and the 
very earliest technical divers had to use commercial 
diving tables or work directly with decompression 
researchers if they wanted to obtain a set of trimix 
tables. The decompression schedule would be 
copied onto a dive slate with fixed decompression 
stops and run times. CNS and OTU loading would 
be calculated by hand and gas usage would be 
calculated for each phase of the dive, and the rule 
of thirds used to add in a safety reserve. The dive 
would then be executed by following the dive plan 
run times written on the slate with depth and time 
being monitored using a bottom timer.

Evolution of Dive Planning
by Mark Powell
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Backup plans would also be prepared just in case 
the diver goes slightly deeper, stays slightly longer 
or, in the worst case, goes both deeper and stays 
longer. With pre-prepared decompression tables, 
“slightly deeper” was usually taken to mean the next 
depth increment, which on many tables was 3m 
or 10ft deeper. “Slightly longer” would be taken to 
mean anything from 3 to 5 minutes longer. Finally, 
a backup plan would also be prepared showing the 
decompression schedule if the diver loses their 
decompression gas and has to complete their deco 
using back gas. 

With the increased availability of personal computers, 
it became feasible to generate custom tables using 
a PC planning tool. This allowed divers to use 
a number of different gases, decompression models, 
and conservatism settings. The overall process 
of planning a dive remained the same, just using 
a planning tool instead of tables. The planning tool 
would generate the decompression schedule, CNS 
and OTU loadings, as well as gas requirements. 
The only difference would be that the PC planning 
tool would do the laborious arithmetic required to 
calculate gas requirements, CNS loading, etc, rather 
than the diver doing it by hand. When used correctly, 
these PC planning tools removed the risk of the diver 
making a silly mathematical error. The computer-
generated schedule would then be transferred to 
a slate just as when the plan is generated by hand. In 
the water, the dive would be executed in exactly the 
same way with the diver using their bottom timer to 
monitor the run times written on the slate.

In time, personal dive computers became available 
that could handle decompression diving, trimix 
or rebreathers, but they were still expensive and often 
unreliable. As a result, it was common to use a written 
plan on a slate with a computer as a backup in case of 
going off the plan or in case of an emergency. 

This was not an ideal situation as divers would have 
to spend a significant amount of money on a dive 
computer without being able to make full use of it. 
This led to the difficult situation where the diver 
would have to forego the flexibility offered by the 
dive computer and stick to a fixed depth and time in 
order to be able to fall back to their written backup 
plan in the case of a computer failure. This difficult 
decision made many divers and agencies question 
the suitability of dive computers for technical diving.

A New Dawn
However, as computers become more common, 
reliable, and affordable, this gradually changed. 
Divers would still use a planning tool to generate 
a deco schedule to write on their slate just as before. 
The change was that this schedule was now used 
as a backup to the computer which became the 
primary method of running the dive. Despite this, 
the plan would still primarily be predetermined in 
terms of a fixed bottom time, in order to still be able 
to fall back to the written plan. However, the actual 
ascent time would now be determined by the deco 
schedule on the computer.

Now computers are much more available and 
reliable. In addition, the costs have reduced so much 
that many people have backup computers. The 
flexibility offered by the computer is in contrast to 
the rigid nature of tables. Unfortunately, when your 
backup is based on written tables, you can’t make 
full use of this flexibility. However, when you have 
a backup computer, suddenly this flexibility comes 
into its own and this is where significant changes to 
planning styles started to be adopted. 

Photo by Trisha Stovel



This is a real mindset shift for many divers. There is 
still an impression that we should always use tables 
or that tables are somehow safer than using a dive 
computer. In reality, a dive computer gives a much 
more flexible tool for managing the dive. However, 
many divers keep the tables mindset even when 
using a very reliable and flexible planning tool. It is 
important to understand the features incorporated 
in your dive computer as they can provide additional 
information that can be used to manage the situation. 

When you have a fixed deco schedule, working 
out the gas usage for that schedule is relatively 
straightforward. The disadvantage of having 
flexibility in the deco schedule is that it now becomes 
impossible to calculate exactly how much gas will 
be required in advance. This is where a shift in the 
approach is required. If we think about the point 
of gas planning, it is to ensure you don’t run out of 
gas, even in an emergency situation. Specifically, 
you want enough gas to get yourself and your 
buddy to the surface, or to the next breathable gas 
source even in a stressful situation. This is known 
as minimum gas. You can calculate your minimum 
gas in advance for your maximum planned depth. 
This is based on combining the breathing rates of 
you and your buddy, then doubling this figure to take 
into account the stress of an out of air emergency. 
This is then multiplied by the total time involved 
in dealing with an issue on the bottom combined 
with the time required to ascend to the first gas 
switch stop. You can then multiply this by a figure 
to account for the increased pressure at depth to 
give the total volume of gas required in litres. Finally, 
convert this into a bar pressure by dividing by the 
size of your cylinders. Let’s say that after performing 
this calculation you know that your minimum gas is 
70 bar. This means that at any point in the dive, as 
long as you have at least 70 bar, you know you have 
enough gas to get to the next source of breathable 
gas, even if your buddy has a catastrophic gas loss. 
Once either of you reaches 70 bar, you must start 
the ascent. Using minimum gas rather than fixed 
usage gives you the flexibility in back gas planning 
to match the flexibility in deco schedules provided 
by the dive computer.

Minimum gas calculations will cover the gas 
required to get to the first gas switch but what about 
the gas required for the deco stops? The traditional 
approach has been to work out exactly what is 
required and see how much is available to ensure 
that the amount required, plus a contingency, is 
less than the amount available. The alternative is to 
use a planning tool to find the maximum amount of 
deco that can be done on the gas available, without 
exceeding the safety reserve. You now know that 
you can do this amount of deco, and this can be 
converted to a total time to surface (TTS). Again, 
you know that this time to surface can be done 
within the gas available. This means that as long as 
the total time to surface is less than this maximum 
amount, you know you have enough gas available. 

Putting these two concepts together, the procedure is 
to first calculate the longest dive that can be done at 
the target depth within the deco gas limits. This can be 
used to find the maximum TTS. You then calculate the 
minimum gas required to get you and your buddy up 
to your first gas switch. Provided the dive is around the 
target depth, you just need to monitor your available 
gas and your time to surface. The actual bottom time 
becomes less important. The dive is terminated when 
either of these limits is reached; either the available 
gas reaches the minimum gas limits or the total TTS 
reaches the maximum amount. 

On the Shearwater computer range, the TTS is 
shown on the display so that you can instantly relate 
your current TTS with the maximum TTS that you 
have calculated. It doesn’t matter what depth you 
have been at or what your total dive time has been. 
You know that as long as your TTS is less than your 
predetermined maximum TTS, you have enough 
gas to complete your decompression.

If you dive with a regular buddy and always use the 
same size cylinders and the same gas mixtures, 
then this means that the minimum gas and time 
to surface will always be the same for each dive at 
that depth. As a result, you only need to calculate 
these numbers once for any given dive depth. With 
a PC planning tool, it is very easy to calculate these 
two numbers for a range of dive depths. This can be 
turned into a table in your wet notes that contains all 
the required information you need for dive planning. 
With modern dive computers, you don’t even need 
to use a PC planning tool. Your dive computer can 
do all of the gas calculations for you.
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Depth (m) Min Gas TTS
45 70 62 mins
50 75 64 mins
55 80 67 mins
60 85 72 mins

Sample dive planning table showing min gas and TTS for a range 
of depths. Note these are not real numbers and should not be used 
for dive planning.

The discussion so far has mainly been concerned 
with open circuit diving, but CCR diving has 
progressed along a similar path. Modern rebreathers 
almost always have a built-in decompression 
computer integrated into the handset and most 
divers have a backup computer. However, gas 
planning is very different on a rebreather compared 
to open circuit. A CCR has almost unlimited gas 
and, if nothing goes wrong with the CCR, it is likely 
to be scrubber duration or CNS limits that will 
determine the maximum length of the dive. The 
only time that gas usage becomes an issue is in the 
case of a bailout where gas availability becomes 
critical. In reality, it is the bailout scenario that will 
normally be the limiting factor for most CCR dives. 
This means that bailout planning will determine the 
limits for TTS. This is done by using a planning tool 
to calculate the maximum CCR bottom time that 
can be done without then exceeding the available 
bailout gas when the diver bails out at the end of 
the planned CCR bottom time. The CCR TTS at 
this point becomes the endpoint of this dive as we 
know that as long as we stay within this CCR TTS, 
the corresponding bailout ascent is achievable with 
the bailout available. For most dives, it will be gas 
usage, either back gas, deco gas or in the case of 
CCR, bailout gas, that will determine the limits of 
the time. Other factors such as CNS should also 
be considered, but when the dive plan is generated 
using the PC planning tool or your dive computer, 
the CNS can be reviewed and, provided it is well 
within safe limits, can be considered as a secondary 
consideration to the real limiting factor. 

Tech training tends to follow the evolution above with 
new divers starting with written plans, generated 
from pre-printed tables or pc planning tools. This 
ensures that the diver understands the principles 
behind decompression schedules and gas planning. 
It also ensures that the diver can manage ascent 
rates and display the discipline required to follow 
the dive plan on the computer accurately. They then 

move on to using dive computers with tables on 
a slate as a backup before eventually planning using 
the TTS and minimum gas approach. 

It must be remembered that overhead environment 
diving also introduces a number of other factors 
when considering dive planning. For cave and wreck 
penetration, the minimum gas and time to surface 
calculations will have to include the time required 
to exit the overhead environment as well as the 
time to ascend, and so the planning becomes more 
complicated. The TTS setting does not include time 
to exit a wreck or cave, and so cannot be applied as 
easily in an overhead environment setting.

Real Time Management of Risk
On the Shearwater computer range, the NDL is 
shown on the display and counts down the time 
available until it reaches 0. Once the diver goes into 
deco, this field can be configured to show a number 
of other pieces of information. Any one of these can 
be selected to be shown in the NDL space once the 
NDL reaches zero. Alternatively, all of the following 
options can be viewed together by stepping through 
the display options.

The @+5 option is particularly useful. It shows 
what the TTS will be in 5 minutes, assuming the 
diver stays at the same depth. This can be used 
for looking ahead. If you know your maximum TTS, 
then you can compare this against your current TTS 
to see if you have reached your limit, but the @+5 
setting allows you to look ahead 5 minutes and see 
what your TTS will be in the future. You can use this 



to decide whether you have time to look at another 
piece of the wreck or whether you must turn around 
and head back to the shot-line. This is particularly 
important at deeper depths where the rate at which 
decompression is built up is much faster, and a large 
amount of deco can be incurred in a relatively short 
period of time.

a few metres more, you can now see that your Δ +5 
is zero. This means that you are neither ongassing 
or offgassing and you can stay at this depth without 
increasing your TTS. If you ascend slightly shallower 
and your Δ +5 changes to -1 then you can see that 
you are now offgassing and you can stay at this depth 
almost indefinitely as your TTS will slowly reduce.

The Δ +5 option shows the difference (the delta or Δ) 
between your TTS right now and what your TTS will 
be in 5 minutes. For example, if your TTS is 20 mins 
and your @+5 is 30 minutes then the Δ  +5  would 
be 10 minutes (30-20=10). In other words, in 
5 minutes time, you will have incurred an additional 
10 minutes of deco more than you have right now. 
This could be done manually, but in some situations, 
it is nice to be able to see the delta without having 
to constantly make that calculation. The size and 
magnitude of this figure can also be used to tell the 
current state of your decompression. If the Δ +5 is 
positive, this means that you are on-gassing and 
will have more decompression in 5 minutes than 
you have right now. If Δ +5 is 0, then you are neither 
ongassing or offgassing and you will have the same 
amount of decompression in 5 minutes as you have 
right now. Finally, if the number is negative then you 
are offgassing and you will have less decompression 
in 5 minutes than you have right now. This is 
particularly useful for multi-level dives. Let’s assume 
you are on a deep reef and you notice that your TTS is 
approaching your maximum TTS. You ascend a few 
metres and you notice that your Δ +5 is now  +1. 
This means that you are still incurring additional 
decompression, although at a much slower rate, and 
so your TTS will continue to increase. If you come up 

The settings above can be used to proactively 
manage the dive and can be used on any dive. There 
are several other options that would primarily be 
used in an emergency to change some of the dive 
parameters on the fly.

The CEIL option shows the raw decompression 
ceiling. Once the diver goes into decompression, they 
can no longer ascend directly to the surface, and 
there is a depth at which the supersaturation would 
exceed the maximum allowed. The decompression 
ceiling is the exact depth at which this would occur. 
This is slightly different from the decompression 
stops shown on the computer as the deco stops are 
rounded to the nearest 3m increment below the actual 
decompression ceiling. The actual value of the ceiling 
will slowly get shallower during the decompression, 
but the decompression stops will stay at the 3m 
increment until the ceiling reaches the next 3m 
increment. At this point, the decompressions stop 
will jump up to the next 3m increment. By comparing 
the decompression stop and the CEIL value you can 
see how much margin for error you have at that stop 
or how close you are to the end of the decompression 
stop. If your computer shows a 9m stop and your 
CEIL is 8.9m then you can see that the ceiling is only 
slightly above the current decompression stop and 
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so there is very little margin for error in your position 
in the water column, and you also know that you will 
be at 9m for some time to come. As the CEIL moves 
up and gets to 8m then 7m and then 6.5m you know 
that your decompression stop is coming to an end. 
This can be useful to know if, for example, you are 
decompressing on a line at 9m along with a number 
of other divers. If it is getting crowded on the line at 
the 9m stop, but you know your CEIL is showing 6.5m 
then you can move up to 8m or 7m without breaking 
your ceiling. Your computer will alert you that you are 
above your decompression stop, and if you stay at 
that depth, it will give you a MISSED DECO alarm, but 
you know that despite this you are in fact below your 
decompression ceiling. 

each subsequent stop. During each deco stop, the 
GF99 should slowly decrease as the tissues offgass 
and the ceiling increases. Once the stop clears and 
the diver moves up to the next stop, the GF99 will 
again increase. This allows the diver to “see” the 
offgassing taking place as it shows that as they 
offgass, the level of supersaturation is dropping, 
and they are moving further away from the M-Value. 

The next setting that it is possible to select in 
the NDL space is the GF99 setting. This is useful 
information to know as it shows the current GF, in 
other words, how close you are to the M-Value which 
corresponds to a gradient factor of 99. Whether 
a diver selects his own gradient factor settings or 
makes the decision to use the default settings, the 
computer will display the ceiling, decompression 
stops, as well as the time to surface, based on these 
gradient factors. If the diver is using 30/80 gradient 
factors, then during the ascent up to the first stop 
the GF99 should be approaching 30, as the first stop 
is calculated as being at the point where the GF is at 
30% of the M-Value. At the surface, the GF99 will be 
80, as the high GF determines how close the diver is 
to the M-Value on surfacing so a GF Hi of 80 means 
the diver should be at 80% of the M-Value as they 
surface. For intermediate decompression stops, 
the GF99 will slowly increase from 30 on arrival at 

If the GF99 is much lower than 30 on the initial 
part of the ascent or does not slowly increase on 
the ascent up to each subsequent stop, then the 
diver is ascending slower than intended. The TTS 
shown assumes the diver will be ascending at the 
prescribed ascent rate. If the diver is ascending 
slower than the correct ascent rate or stops below 
the decompression stops, then they are, in effect, 
lagging behind the calculated decompression 
schedule. The result of this is that the diver is not 
offgassing as quickly as the model has assumed, 
and so the diver will take longer to decompress. 
In extreme cases, the diver may still be ongassing 
in some tissues, and the slow ascent may actually 
increase the decompression requirement. As 
a result, the actual ascent time may be considerably 
longer than the calculated TTS. If the diver is 
using the calculated TTS to manage their dive as 
described above, this can cause a problem as the 
gas planning assumed that they would be following 
the calculated decompression schedule. By causing 
additional decompression time, they will end up 
requiring additional gas for this extra time.

If the diver ascends above the deco stop, the 
computer will give a warning. As we have already 
seen, you can ascend above this deco stop, but still, 



stay below your decompression ceiling as shown 
with the CEIL display. If you ascend even further 
beyond the CEIL depth, the GF99 can be used to 
provide some additional information. For example, if 
the diver has set a GF Lo of 30% and ascends above 
their initial deco ceiling, the computer will give a 
warning. The GF99 may still show that they are only 
at 40% GF which, although it is beyond both their 
deco stop and deco ceiling, is still well within the 
M-Value. Similarly, for the later stops, if the diver has 
set a conservative GF Hi of 70% and ascends above 
their deco stop, the computer will give a warning. 
The GF99 may still show that they are at 80% GF 
which is still well within the M-Value. However, if the 
GF99 shows more than 100%, the diver is now well 
over their M-value and is in a much riskier position. 

The same goal can partly be achieved in the Dive 
Settings menu where it is possible to change the high 
gradient factor during the dive. By changing the high 
gradient factor from, say 70 to 80, you would reduce 

the rest of the remaining decompression. Although 
it is possible to change the high gradient factor in 
this way, it is not possible to change the low gradient 
factor, and so the initial stops would be unchanged.

This functionality is not intended to be used on 
a  regular basis, and the diver should stay within 
the ceilings indicated. However, in an emergency, 
this functionality may be very helpful. For example, 
assume that a diver on a decompression dive is 
running low on gas. Their computer tells them that 
they have another 5 minutes of decompression to do 
before they can move up to the next decompression 
stop where there is more gas available. They could 
edge up from the current stop to the next stop 
while watching their GF99 setting. Even though 
they are breaking their decompression ceiling 
they can use the GF99 display to show them how 
close they are getting to their M-Value and can 
then make an educated decision on what is the 
more important risk.
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These last few options may seem worrying, or even 
dangerous, but remember that the stops are 
determined by the gradient factor settings. If you are 
using a GF of 70 then you may have a deco stop which 
would not be present if you had selected a GF of 80. 
So, missing a deco stop using a 70 GF, but still staying 
less than 80 on the GF99 display is equivalent to 
staying within the deco stops on a GF setting of 80%. 
In fact, you may have deco stops, while the underlying 
Buhlmann model, which is based on a maximum 
gradient factor of 99, may indicate that it is within the 
No Decompression Limit. This is completely normal 
for the first few minutes of going into deco. If you 
have your GF settings set to anything less than the 
maximum value of 99%, then a GF profile will always 
go into deco before the underlying Buhlmann NDL 
limit is reached.

The same approach could be adopted with 
ascending all the way to the surface. In a critical 
emergency, the diver could edge up towards the 
surface watching their GF99 display and making 
sure that they stay close to, but not exceeding, their 
M-Value. However, this case can be managed more 
effectively using the Surfacing GF display feature. 
This is a newer feature and may not be available 
on your computer unless you have updated the 
software recently. The Surfacing GF displays the GF 
that you would get if you were to ascend directly to 
the surface right now, without doing any stops.

If the SurfGF display shows 50, this means that 
if you were to ascend to the surface directly, your 
maximum tissue saturation would be 50% of the 
M-Value. I.e., well within your M-Value limit with 
almost no chance of DCS. If your SurfGF shows 
150%, this means that a direct ascent to the surface 
would put you at 150% of your limit, and well over 
the M-Value limit with a very high chance of DCS. 
Finally, if your SurfGF shows 99, then a direct ascent 
to the surface would put you right on your M-Value 

limit and is equivalent to the NDL limit of a straight 
Buhlmann model. Interestingly, you can be in deco 
but still have a SurfGF of less than 99. Remember 
that the deco stops are based on your selected GFs. 
If you have the default GF setting of 30/70, then you 
will start to get deco stops well before you reach 
the underlying NDL limit. So, if you have 5 minutes 
of deco shown on your computer but your SurfGF 
is 90 this means that you have 5 minutes of “GF 
Deco”, but you have not yet reached the NDL of the 
underlying Buhlmann model. This means that, in an 
emergency, you could still go straight to the surface 
without breaking the Buhlmann decompression 
schedule. This is very different from the situation 
where you have 15 minutes of deco and your SurfGF 
display shows 120. In this case, you have “GF Deco” 
as well as “Buhlmann Deco”. If you were to go 
straight to the surface, you would not only miss the 
deco stops indicated on the computer but would 
also end up being over your M-Value on the surface 
and have a significant risk of DCI.

The SurfGF feature can be used at any point of the dive, 
not just at the start of the ascent. For example, you can 
track your SurfGF during your ascent and deco. Once 
your SurfGF drops below 99, you know that from that 
point onwards if there is an emergency, you could go 
to the surface and still be within the Buhlmann limits. 
Equally, you can use it the other way around. After your 
deco stops have cleared, you can monitor the SurfGF 
to see your updated SurfGF. One technique that can be 
used is to have a slightly more aggressive high GF such 
as 80 or 90 to reduce the mandatory decompression 
stops but then wait until the SurfGF has dropped to 
a lower level as a “safety stop”. 



As the tools available to divers continue to change 
and improve, it is inevitable that the techniques used 
must also change to make the most of the available 
tools. This article is intended to show that, far from 
removing the need to plan a dive, the sophisticated 
dive computers available today can help to improve 
the planning process. They can be used to provide 
a more realistic and more flexible planning tool. 
They can also be used to adapt the plan when the 
situation changes. This is only possible if the diver 
understands the tools they have at their disposal and 
practices using them. After reading and digesting 
the information contained in this article, I would 
encourage you to make sure you know where to find 
the various display options on your computer. On 
your next dive look at the SurfGF value during the 
dive and watch the relationship between it and the 
NDL value. During the NDL ascent, look at the GF99 
and SurfGF values. 
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Then on a decompression dive, compare the CEIL 
and Stop Depth values as well as comparing the 
CEIL, GF99, and SurfGF values. It is essential that 
you understand all of the information in this article 
and practice it before using it to plan your dive or 
modify your dive plan. Like any tool, you must 
practice before using them for real. However, a bit 
of investment in time and practice will give you 
the ability to manage your ascent in a much more 
intelligent way than blindly following your computer 
or a fixed set of deco tables.
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One of the pioneers of dive computing, ORCA 
Industries launched its now classic EDGE computer in 
1983 setting off a revolution in dive instrumentation. 
After stumbling badly following the introduction of 
the first air-integrated DC, the Delphi, in 1990, the 
company was forced into liquidation only to be picked 
up electronics design manufacturer, Electronic 
Instrumentation and Technology, Inc. (EIT) of 
Sterling, Virginia in 1991. Having successfully 
restructured ORCA and re-engineered its key product 
lines, EIT unveiled one of the first the first EAN-com- 
patible dive computers, the "Nitrox Phoenix" in 
January, 1993 at the tek.93 conference. Currently, the 
Phoenix, a single mix DC running EAN 32 (32% 02, 
68% N2) is the only EAN-compatible computer on 
the market.

The Phoenix 
Arises
By Paul A. Heinmiller

Ten Delphi dive computers, modified for use with 
NOAA Nitrox II, i.e. EAN 36, (36% 02, 64% N2) 
were delivered to NOAA's Undersea Research 
Center at the University of North Carolina, 
Wilmington, in October, 1990. The delivery and 
the subsequent workshop that was held were the 
culmination of a year-long project to modify the 
ORCA decompression algorithm for use with 
enriched air nitrox (EAN), test the resulting dive 
schedules against generally acceptable values, and 
produce an EAN-compatible dive computer.

MODIFYING THE ORCA ALGORITHM

Until 1990, the ORCA computational algorithm 
was limited to air diving. The algorithm uses 
twelve mathematical compartments with half- 
times from 5 to 480 minutes. Its limiting com
partment pressures, known as "M-Values," are 
more conservative than Workman's original val
ues for the U.S. Navy tables based on the no-bub- 
ble limits established by Spencer with doppler 
testing in 1976.

By increasing the limiting values, i.e. dividing by 
the appropriate nitrogen gas fraction, it was pos
sible to modify the algorithm for use with 
enriched air nitrox. This simple modification 
would be sufficient if the diver were to saturate 
on the enriched air mixture prior to the dive and 
breathe EAN during all surface intervals. 
Obviously this is not the case. Instead, the diver 
breathes air while on the surface with a higher 
fraction of nitrogen than expected by the nitrox- 
modified algorithm. To account for this the 
equivalent depth of nitrogen must be substituted. 
At sea level, i.e. 33 fswa (feet of sea water 
absolute), the nitrogen partial pressure of air is 
26.07 fswa. This is the same nitrogen partial pres
sure present at 5.33 fswg (gauge pressure) when 
breathing EAN 36 (i.e breathing air at the surface is 
equivalent to breathing EAN 36 at 5.33 fsw).

This equivalent depth is used by the algorithm 
whenever the diver is on the surface and assumed 
to be breathing air instead of the absolute surface 
pressure. At turn-on initialization, all compart
ments are assumed to be saturated at this equiva
lent depth. This has the effect of having the

continued on p.28

An Interview With Kevin Gurr, President, Aquatronics, UK 
by Michael Menduno

a/c : You started designing dive computers some time ago.
Gurr (G): Six years ago, as more of a feasibility exercise, a couple of 

friends and I tried to put together a reprogrammable computer. 
The prevailing attitude of computer manufacturers seemed to 
be, "Hey, we got a new computer. Throw out your old one and 
buy the new one." We wanted to offer divers something more. 
Mechanically it not was very good, to say the least. So we ended 
up scrapping the original as soon as it was out and producing 
an improved version, the ACE ProFile.



Scheduled for release in the fourth quarter of the 
year, Dive Rite's "Bridge" computer attracted a 
great deal of attention at both the tek.93 confer
ence and the DEMA trade show earlier this year. 
To be priced competitively with "high-end" air 
computers, this unit will provide decompression 
management and oxygen tolerance information 
for both air and enriched air diving and should 
prove to be a useful tool for a wide range of 
applications.

Building TheBridge
 by Randy C. Bohrer

Developing new electronic instrumentation is 
often a complex process involving multiple 
vendors. The Bridge was no exception. 
Drawing on a wide variety of expertise, the 
Bridge development and manufacturing team 
consisted of 8 vendors including; Dive Rite 
Manufacturing, Seiko-Epsen, , Mitsusu 
Industries Corp., NEC, Inabata and Co., 
Underwater Applications Corp., Do Re Mi 
Software, Hamilton Research Ltd, and 
Progress Associates, New York City, NY. 
Considering the size of the vendor team, the 
complexity and expense of the project is 
clear.

FEATURE SET

The Bridge offers a feature set similar to other 
advanced dive computers including a compu

tational algorithm that is valid for deeper 
dives and extended decompression capability, 
and dive data recording and playback 
through a personal computer interface. 
However its primary uniqueness is its "vari
able mix capability." To dive the Bridge, the 
user selects the appropriate oxygen percent
age ranging from 21% (air) up to 50% in 1% 
increments before each dive depending on 
his or her breathing mix. In addition, the 
user can change the percentage between 
dives, allowing different mixtures to be used 
during the course of a dive day.

Decompression is calculated by a modified 9 
compartment Buhlmann model algorithm. 
The nominal half times are 5, 10, 20, 40, 80, 
160, 270, 360, and 480 minutes. This algo
rithm tracks three more compartments than 
Uwatec's Aladdin and Monitor computers. 
The extra compartments in the 5 to 360 
minute range provide slightly better resolu
tion while the 480 minute compartment pro
vides some additional safety for repetitive 
decompression diving.

The algorithm itself is not as interesting as its 
implementation.. Calculations performed to 
determine no-decompression limits, decom
pression stop times, and compartment gas 
loadings are tedious even for an electronic 
computer. Most single chip microcomputers 
are incapable of multiplication or division, 
and fewer still can perform any high level 
math. Required math functions are typically 
implemented in software which requires time 
and memory; most dive computers on the

continued on p.30

a/c: Yo u  were able to load different decompression algorithms?
G: Not just algorithms, but options, functions, upgrades that sort of 

thing. Then a couple of things happened. A friend of mine had 
an accident with a high pressure gauge line. The hose exploded 
and split his hand. We decided there must be a better way to 
monitor high pressure air and so we started playing with air sen
sors. At about the same time, another friend of mine had a real
ly bad spinal hit for no apparent reason. It was a spinal hit fol
lowing a first dive of the day to 60 fsw for 30 minutes—just one 
of those unexplained "numbs-you-up” kind of thing. One of 
the problems he had was that the medical staff didn't believe his 
profile when he went for recompression. It gave us the idea that 
if we could just data log every second of the dive and report 
exactly what went on—like ascent profile, ascent rate, the whole 
thing— we could develop better algorithms.

a/c: That led to Quatek's enriched air computer?
G: That's right. It was essentially a software upgrade to the ProFile that 

offered a gas sensor, an optional onboard analyzer, decompression algo
rithm, and all the data log stuff. You could run virtually any mix you 
want, change the target P02s, calculate EADs or ENDs through a window 
arrangement and four contacts that let you get around the system.

a/c: What's happened?
G: Basically the company was forced to close its doors due to financing. In 

some ways, we were our own worst enemy. We were really good with 
ideas and putting them into pre-production. We had several large compa
nies interested and everyone wanted to buy them but we were never able 
to get sufficient backing to put them into full production. Ironically we 
had our nitrox version running nearly a year before the Enriched Air 
Workshop in 1992 (See "technicalDIVER 3.1," 1992) . After that nitrox just 
took off.
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Building A 
Market

The Har
d Way

 “I hope 

 t h e

Newtsuit will 

be one of those 

tools that is heavily 

used. In fact, I hope that two things 

will happen. One is that we’ll have some 

strong competition, because if we don’t, it 

means that the whole idea was duff. If 

nobody else is interested, it means we’re 

not making any money and there is no mar­

ket for it.

The second thing that I fervently hope is 

that sport divers—serious amateurs—will

become interested in building amateur ver- 

sions of the Newtsuit. It’s not that difficult. I 

am planning to publish a book in the not- 

too-distant future that will show how a lot of 

it’s done based upon 30-odd years of expe­

rience. As you can imagine, my board of 

directors thinks it’s a terrible idea and that 

we should keep it all to ourselves, but I 

learned many years ago that if you have 

what amounts to a serious breakthrough 

technology, you should share it. That’s the 

only way you’re going to get to see what it 

finally becomes. If you cloister it or you hold 

it too tightly, it just disappears."

Phil Nuytten, International Hard Suits,

tek Conference Interview, 1993

Phoenix continued from p.26

diver begin the dive series with apparent "resid
ual" nitrogen. The computer wakes up saturated 
at 5.33 fswg pressure relative to the enriched air 
diving environment.

MODEL TESTING

The modified ORCA algorithm was applied to 
many different dive profiles and the results were 
checked against Dr. R.W. Bill Hamilton's DCAP 
model under a separate NOAA contract. The dives 
tested included single square no-stop dives from 
30 to 130 fsw (9-40 msw), square decompression 
dives, and square repetitive dives at 40, 60, and 
100 fsw (12, 18, 30 msw). Typical working dive 
profiles supplied by the NOAA NURC group were 
also run through the algorithm and compared to 
DECAP results. In a separate report to NOAA, 
Hamilton endorsed the ORCA EAN algorithm and 
recommended a period of monitored field evalua
tion to confirm its validity further.

ORCA created a special version of its Delphi soft
ware to implement the algorithm. The Delphi was 
originally chosen because its program resided in 
Electrically Programmable Read-Only Memory 
(EPROM) and was easy to reprogram for nitrox 
use. The Delphi also included a 35 hour dive pro
file recorder, considered important for dive control 
and decompression model feedback.

NEXT GENERATION

The one day Nitrox Computer Workshop at 
UNCW was well attended by scientific divers and 
diving safety officers from NOAA, UNCW and 
other research institutions. In open discussion, 
the group recommended that future enriched air 
nitrox computers incorporate oxygen toxicity lim
its if possible. There were also discussions about 
the need for more powerful dive computers. This 
second generation would allow a diver to select a 
mix before a dive, change mixes between or dur
ing dives, and collect scientific data in internal 
memory.

In early 1991, following the NOAA workshop, the 
EAN user community was surveyed and a market
ing decision was made to limit the distribution of 
the EAN computers to the scientific community. 
Before the end of the year, ORCA Industries was 
out of business. Within three months the ORCA

had our nitrox version running nearly a year before the Enriched Air 
Workshop in 1992 (See "technicalDIVER 3.1," 1992) . After that nitrox just 
took off.

a/c: In some sense, you taken the approach of the PC industry; create a standard 
hardware platform that can run different software packages. Is that the future 
of dive computers?

G: I believe there's a need for it, especially with at least two major navies 
looking at different approaches to decompression. Today, there's no real 
reason why we can't have a complete electronics system that supports the 
diver incorporating decompression management, gas sensing, communi
cations, and diver positioning. The technology is here now. The problem 
is that the dive computer industry is leagues behind the rest of the elec

tronics industry, as far as that goes, because the mass market is 
basic air diving. The good news is that air divers are becoming 
more educated. They're starting to see communications as 
viable, they'd like to see exactly where they are on the planet 
and GPS (global positioning systems) helps them do it on the 
surface—why can't it be done below? The answer is it can. It just 
needs someone to help fund it; to put cash on the line.

a/c: What do you think of the new wireless high pressure systems that have 
just hit the market.

G: I think that wireless systems are more of a gimmick than any
thing in some ways. The important thing is the gas consumption 
information.
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product line was revived by one of ORCA's contract 
manufacturers , Electronic Instrumentation and 
Technology, Inc. (EIT) which had designed and 
manufactured ORCA's Marathon computer. The 
Delphi was completely re-engineered in the new 
Phoenix dive computer, which was released in 
June, 1992. By the end of the year, the ORCA 
Division of EIT released a nitrox version of the 
Phoenix to qualified divers.

ENTER THE PHOENIX

The nitrox-compatible Phoenix incorporates all the 
modifications of the earlier Delphi, but added the 
CNS oxygen toxicity limitations recommended by 
the UNCW Workshop. Instead of NOAA Nitrox II 
the unit is programmed for use with EAN 32 (32% 
02, 68% N2). EAN 32 is presently the most readily 
available mix other than air and boasts a deeper 
working range. In its current configuration, the 
Phoenix can be used with enriched air mixes with 
less than 68% nitrogen in the same way that a 
standard air computer can be used with EAN but it 
cannot take advantage of the full performance of 
these mixes. The nitrox Phoenix has a maximum 
operating depth of 132 fsw (40 msw) based on a 
maximum oxygen partial pressure of 1.6 atm of 
EAN 32 at that depth.

The nitrox unit is packaged to differentiate it from 
the standard air Phoenix, so that it is difficult or 
impossible to use it with air by mistake. The boot 
of the Nitrox Phoenix is green with yellow letter
ing, compared to the black and white of the stan
dard model. It is clearly marked, "For Use with 
EAN 32 Only." The case inside the boot is also 
green, and marked with warnings. In addition, the 
software displays the nitrogen percentage on start 
up for verification. Nitrox Phoenix is available 
from the ORCA Division of EIT through ORCA 
dealers who are certified ANDI or IAND Nitrox 
facilities. The suggested retail price is $899, while 
the standard air model goes for $699.

Longer, safer bottom times is the reason most sport 
divers have pursued the use of enriched air. There 
now exists an instrument which will allow sport 
divers to intelligently maximize their advantage.
Paul Heinmiller is the Director of Technology at ORCA 
Division of EIT and a long time contributor to 
aquaCorps Journal. He can be contacted at:

ORCA/EIT, 45625 Willow Pond Plaza, 
Sterling, VA 20164, f: 703-478-0815.

Interested in the technical world of SCUBA?

Jump the gap to the
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and our
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including: Deep Diving to 300' on air.

P.S.A. Deep Air Divinq Levels:

Level I - 100’ Level IV - 180’
Level II - 130’ Level V - 200’
Level III - 150’ Level VI - 240’
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Other Technical Courses include:
Cavern Cave

Safe Air/Nitrox Technical Nitrox
Trimix Oxygen First Aid
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PSA ANDI IANTD NSS/CDS NACD

Come dive the depths at Hal Watts' Forty Fathom Grotto, 
PSA's exclusive Advanced Training Facility.

For more information on the Extended Range Diving Program,
call, Fax, or write to:

The Professional Scuba Association, Inc.
2219 E. Colonial Drive, Orlando, FL 32803

Phone: (407)896-4541
Fax: (407)896-4542

depending on the type of dive you're doing and your configura
tion, and have the computer give you your gas time back in 
minutes. Or how about look ahead ability; to be able to input 
the dive that you're planning to do and and have the computer 
tell you whether you can make it with your reserve intact.

a/c: Isn't the real problem with mix being able to interface with the com
puter, being able to tell it, "I'm at my oxygen stop and I've just 
switched?" Have you looked at user interfaces?

G: We have. Mechanically there are ways to do it, but most of them 
are expensive. We've been working on a solution for the last 
year and have something that I think will work but I'm not 
going to tell you how we do it. I think the solution is around the

corner. It's not that difficult. Eventually however, I think user interfaces 
are going to go to voice synthesis and recognition systems. Not only 
could the system talk to you, but you should be able to key-word back 
and say things like, "Switch now". Technologically, there's no reason why 
that can't happen. It's being done now in fighter planes and with full 
face masks and communications.

a/c: That would solve the interface problem. Are you familiar with the "Dive Talker" 
computer?

G: A funny story. When it was first out launched at DEMA, I tried it and said 
to the guy, "It's a woman's voice." And he said, "Yeah, that was my 
wife." I said, "I dive to get away from my wife." He said to me, "Well, I 
never thought of that."
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Bridge continued from p. 27

market require several seconds to perform 
the high level math calculations inherent in 
an algorithm. As a result, the information 
presented is slightly "outdated." The Bridge 
combines a clever selection of model para
meters with software techniques that allow 
the necessary calculations to be completed 
almost instantaneously without sacrificing 
mathematical precision. This particular 
refinement is small as far as the user is con
cerned, but it frees up the microprocessor 
and memory to work on other item such as 
oxygen tolerance calculations.

OXYGEN TOLERANCE MANAGEMENT

Though for most sport diving applications, 
oxygen tolerance is generally not an issue, 
it is extremely important in enriched air 
diving. The onset of oxygen toxicity symp
toms vary substantially and can result in 
convulsion and drowning. As a result, lim
its have been established to help manage 
the diver's exposure.

In developing an oxygen tolerance model 
for the Bridge, we began by reviewing the 
published approaches to the problem. The 
simple "square interpolation" method that 
was reported by Kenyon and Hamilton was 
finally selected and is used to calculate an 
index representing the level oxygen expo
sure. This method is also used by the 
International Association of Nitrox and 
technical Divers (IANTD) in the training 
programs. The NOAA pressure-time limit 
table was selected as the reference for oxy
gen limit calculations, although other lim
its can be used with the general procedure.

This method involves calculating the frac
tion (or percentage) of the NOAA time 
limit used during each level of the dive. 
This fraction is determined by dividing the 
actual time spent at a particular PO2 by 
the NOAA time limit for that PO2. These 
fractions are summed in an index variable 
called the Oxygen Limit Index, or OLI. 
When the OLI reaches 1.0, or 100%, the 
diver has reached the oxygen exposure 
limit. The Bridge performs these calcula
tions once each minute, using the maxi

mum PO2 attained during the one minute 
period.

None of the existing published approaches 
dealt adequately for recovery from an oxy
gen exposure. As a result, a new approach 
was developed for use in the Bridge. In this 
approach, recovery occurs when the PO2 is 
less than 0.5 ATA, for example when the 
diver is at the surface or is breathing air at 
depth of less than 45 feet, or NOAA Nitrox I 
(32% 02, 68% N2) at a depth of less than 
18 feet. The recovery equation is exponen
tial with a half time of about 1 1/2 hours. 
Therefore the OLI becomes one half its origi
nal value after 1 1/2 hours, or one tenth in 
five hours, and nominally zero in 9 hours. It 
is important to note that, like a decompres
sion algorithm, the information given by 
the model is not a guarantee of safety; it 
only indicates the diver's relative position 
on a theoretical limit scale. What's more is 
that there is considerable more uncertainty 
in predicting oxygen tolerance than corre
sponding DCI predictions. The actual values 
obtained from this model are in line with 
what is acceptable in practice for single 
dives, and for hyperbaric oxygen treatments. 
The model also limits pulmonary or whole 
body toxicity exposures, though this is 
rarely an issue in self-contained diving.

In order to communicate oxygen information 
to the diver, the Bridge incorporates a bar 
graph and audible warnings to indicate rela
tive oxygen exposure. The bar graph will 
increase in length whenever the diver is 
exposed to an oxygen partial pressure in 
excess of 0.59 ATM. When the exposure is 
less than this value, for example while at the 
surface or in certain decompression scenarios, 
recovery occurs and the bar graph decreases in 
length. An audible and continuous warning 
sounds when limit is exceeded.

An electrical engineer and mix diving instructor, 
Randy Bohrer is the president of Underwater 
Applications Corporation which integrates and 
distributes specialty dive equipment. The lead 
software contractor for the Bridge, he can be 
contacted at: UAC,427-3 Amhearst St., Suite 
345, Nashua, NH 03063, f: 508.433.6586.

Actually, a number of years ago, a scien
tific institution over here had done a lot 
of work on voice synthesis, key words, 
that kind of stuff. They had a really 
good system and they were looking to 
license it. At the time, we were going to 
buy the technology and the ideas, but 
the market wasn't great for it. It still isn't 
ready for voice synthesis now, not quite.

a/c: What is the future for your new company?
G: New dive computers will live again. Our 

goal is to develop an integrated diving 
information system. Whether we get the 
backing is another matter but it's the 
way the technology has to go. Three 
years ago the timing was wrong. Now all 
the pieces seem to be falling in place.

Kevin Gurr is the President of Aquatronics 
Ltd. and is actively involved in teaching mix 
diving. He can be contacted at Aquatronics, 
Unit Cll, Acre Business Park, Reading, 
Berkshire, RG2 O8A, UK, f: 635.874.188.

Huggins 
On
EDGE
An Interview with Karl Huggins 
by Michael Menduno

a/c: You were one of the developers of "The 
EDGE." Did you foresee that DCs 
would become such a broad-based 
tool?

H: There were some people who believed 
everyone would have a computer. 
From my perspective, I saw it as more 
of a high-end tool for people who 
were doing multilevel diving. It 
would give them the ability to con
tinuously calculate their decompres
sion in comparison to the table
based multilevel diving that was 
being done at the time.

a/c: What was your involvement?
H: What I did was to take a look at the 

recommended limits that Spencer, 
Bassett and Pulmonis had published 
on the basis of doppler studies and 
implemented them in the computer. 
One of the things that I was 
adamant about was testing to make 
sure the algorithms weren't way off- 
base with respect to multilevel div
ing.

a/c: No one had applied the algorithm to 
multilevel profiles.

H: Not in a rigid, scientific type of study. 
There were a lot of people in the 
Caribbean "stepping up" the tables 
or reading them sidewise. In fact, 
tables were being used in a way they 
were never designed for and and in 
some cases the profiles people were 
doing were probably violating the 
underlying algorithm. I was con
cerned about it. That was in the 
days when I thought the models 
meant something.

a/c: How do you 
view models 
now?

H: Models are 
basically an 
approxima
tion to come 
up with a 
low-risk pro
file. All of 
them carry a 
certain 
degree of risk. 
They're not 
written in 
stone and 
there are a 
lot of day-to- 
day physio
logical factors 
that simply
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cannot be programmed into a computer, 
a/c: What is your view of the trend towards sta

tistical-based approaches such as maximum 
likelihood analysis.

H: I see it as a trend, but there needs to be a 
caution with the acceptance of any type 
of algorithm. For example, if you look at 
Haldanian-based algorithms, you can 
design something that will work real well 
within a certain depth and time enve
lope. However, if you take the same algo
rithm outside of that envelope, it may 
fall apart. When you're looking at the 
statistical models, you've got to realize 
that their predictions are based on a 
series of historical data. The data is used 
to come up with a best fit—the best 
model to predict what occurred. As long 
as your diving fits the data that was used 
to generate the model, then you'll have a 
relatively good fit. If you move outside 
that area, then it may not be as good of 
a fit in terms of prediction.

a/c: How did you approach that problem with 
the EDGE?

H: The Edge was designed for people who 
were doing multilevel profiles. At that 
time, a typical profile might involve 
going deep for a short period of time, 
ascending and spend most of the 
remaining time at shallow depths. 
That's how we geared our doppler test
ing; a deep multilevel dive at the begin
ning of the day, short-surface interval 
and then a shallow dive. A typical two- 
tank Caribbean dive.

a/c: How many test dives did you do?
H: It depends on how you want to count 

dives. If you look at the entire series as a 
dive series, then you could say that we 
did 12 dives because we had 12 different 
series. If you wanted to look at each one 
of the dives as an individual entity, then 
we had 119-person-dives.

a/c: In your mind what have been the major 
innovations in dive computers since the 
EDGE?

H: In terms of progression, I think there 
have been four major things. The first 
was probably ascent-rate warnings 
which I feel has been a very important 
feature. Secondly was miniaturization. 
Once there's a market you can invest in 
the miniaturization techniques. The third 
innovation was the ability to record the 
profiles and dump them back out to the 
user in order to be able to get an idea of 
what the actual profile was like. The 
fourth was being able to sit down com
municate back and forth on a PC and be 
able to change various variables with the 
unit.

a/c: How about the next generation?
H: I'd like to see the ability to stick in safety 

factors. The one thing that I'm still con
cerned about with regard to dive com
puting is the amount of testing done. I 
don't know if there is any dive computer 
manufacturer out there— let me restate 
that and put this it bold letters— "I chal
lenge any of dive computer vendors
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to offer their algorithm for pub
lic inspection, and produce the 
the actual test results that were 
carried out on the algorithm." 
What has happened is that companies 
have taken an algorithm, say the 
Buhlmann algorithm, and they've 
said, "Buehlman has tested this model. 
We're going to tweak it and make it a 
little bit more conservative, stick it in 
our computer and say, "OK, the testing 
associated with this computer can be 
traced back to Buehlman."

a/c: By default, the algorithm is "tested."
H: Exactly. And they haven't been! Because 

of that, I encourage people not to test 
the algorithm by pushing it to the out

side envelope. I encourage them to 
back off. The real problem is that we 
don't really know how the general div
ing population are using their comput
ers— the profiles they're diving. 
What's more is that is we have no 
denominator in any of our calcula
tions. Whether we're trying to predict 
diving safety or anything else; we 
don't know what dives are being done. 
There's a lot of hand-waving being 
done to come up with figures.

I think there should be a large effort 
on the part of the manufacturers to 
support doppler or look at trying to set 
up a system like that proposed at the 
UHMS workshop on table validation

("Validation of decompression Tables," 
Undersea and Hyperbaric Medical Society, 
74(VAL)l-l-88, 1989). If we can start 
getting good profile information out of 
the field, then we could get a handle 
on the problem. I look at dive comput
ers as an information-gathering tool.

a/c: Switching subjects a little, what do you 
think about the new desktop decompres
sion packages that have just come on the 
market?

H: It boils back to something that was 
said to me by Ed Thalmann of the US 
Navy almost 9 years ago. I took 
offense at it at the time but over the 
years have gradually come to realize 
was a legitimate statement. I was pre
senting a paper at a UHMS meeting on 
computer-generated emergency exit 
tables for hyperbaric tenders. 
Thalmann came up, looked at it, and 
basically said, "Any idiot with a com
puter can create a set of tables." After 
my ears stopped burning a year or so 
later, I started thinking about it. It's 
true. Anybody who has a simple expo
nential equation and a computer can 
create a set of tables. You can do it 
with a spreadsheet if you want.

a/c: We have an article planned in an upcom
ing issue telling our readers exactly how 
to do it.

H: The exactness of the numbers can be 
intoxicating. But there is a big differ
ence between precision and accuracy. 
The concern I have with the comput
ers, whether it be underwater comput
ers or desktop software, is that all they 
do is crank numbers through a simple 
mathematical equation. Unless you 
have some sort of data to back up 
what you're doing, you're just sort of 
shooting out in the dark and don't 
know what's going to be happening. 
You're not diving the original algo
rithm, you're testing the particular 
variation because you've had to make 
assumptions to create this new set of 
tables.

a/c: What advice would you offer to people 
who are considering buying these pro
grams ?

H: Get as much information on the histo
ry of the specific algorithm and how it 
was tested. And don't be surprised if

• it's tough. I've been trying for years to 
get a handle on the algorithms being 
used and the testing that's been done
             on them.

Karl Huggins is recognized as one of the 
pioneers of modern dive computers and 
doppler monitoring. Currently the

• Program Director at Catalina Hyperbarics 
Chamber, he can be contacted at PO Box 
398, Avalon, CA 90704, f:310.510.1364.
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Balance Is
 Everythinga/c I want to complement

you on the thoughtful, 
well written, and, best 
of all, BALANCED 
presentation on the 
controversial topics 
that you and your 
staff address. I 
appreciate your 

efforts to provide, not only the most technically accurate and 
up to date information, but also to put the information into a 
prospective that is appropriate for technical rather than recre­
ational divers. I disagree with the attitude of editorials I have 
read in recreational magazines such as "Skin Diver”, in which 
editors stick their heads in the sand and from that illustrious 
vantage point proceed to dictate policy on all aspects of div­
ing. Ignorance, selective or otherwise does not promote safe­
ty. Quite the contrary, the more informed, trained, and skilled 
an individual is, the less likely that they will hurt themselves or 
others.

Hank Ellison

Downers Grove, IL

Information Access 
The technical diving debate rages on in the UK as you are no 
doubt aware. However, I sometimes feel the pros and cons 
are misunderstood by both sides. I get the impression 
aquaCorps’ contributors are concerned with advancing sci­
entific and technical barriers, making dive sites accessible 
and improving safety in the process. This objective is com­
mendable and long may it continue.

The diving organisations in the UK are reluctant to implement 
technical advances for the “diving public.” On the face of it 
this is detrimental to diving. I have been a Diving Officer of a 
BSAC branch with a 100 members ranging from novice 
divers to long standing experienced divers who regularly carry 
out 50 msw plus dives on air. From where I stand, technical 
diving will improve “advanced” diving. The BSAC is doing its 
experienced members a disservice by its reluctance to pro­
mote technical diving to this group.

Tim Cashman
Exeter, UK

Tubular Dude 
We have talked to many people about the problems encoun­
tered when mixing enriched air and other mixes in T and K 
cylinders. The gas has a tendency to stratify in layers and the 
tanks must be rolled for several hours to obtain a mix. The 
only other option is to let the tanks sit for 24-36 hours before 
analyzing.

We have developed a stainless steel tube which can be 
inserted into a cylinder. The tube is crimped at the lower end 
and screws into the valve. We have drilled holes in the length 
of the tube. As oxygen, air or other gases are introduced into 
the cylinder, the gas sprays out the holes allowing an even 
mix to be obtained immediately. This same principle could be 
used with an ordinary scuba cylinder by coupling the stain­
less steel tube onto the siphon tube of the valve.

We are happy to share this device with the community. If any 
of your readers are interested they should contact us.

Wayne McCall, Keller Mccall, Bob Kinder 
250 Mt Springs Rd 
West Union, SC 29696.

Maintenance Job
I wanted to let you know of a recent experience that really 
opened my eyes to the importance of properly operating 
equipment. I recently attended a fantastic regulator repair pro­
gram offered by Diving Technologies, Davies, FL. When I dis­
assembled my Poisedon regulator for examination and main­
tenance, I was shocked to find that not only was the regulator 
out of adjustment, but that several internal parts were dam­
aged and needed replacement. The regulator is only 8 
months old.

The demands of high tech diving place a high premium on 
having properly performing life support equipment at depth. I 
can’t help but wonder what my responsibilities should have 
been in establishing a regular prevention/ maintenance pro­
gram to avoid this type of problem.

Andy Mrozinski,
Miami, FL

Underground Happiness
I am a HAPPY cave diver. Mike Madden and I did a double 
tandem scooter dive with 104s and double stage bottles in 
Nohoch Nah Chich. Our plan was to scooter 10,000 feet 
back from the main entrance to the "Pablo Diaz” line, that I 
installed last September during the 1992 NoHoch Project.

Our goal was to explore a enormous pit discovered by 
Madden and Bill Main that appeared to reach 100 feet in 
depth or more. We were in "awe” as NoHoch averages 23 
feet in depth and the deepest anyone has seen in the system 
is 65 feet.

We dropped our first scooter at Dinnerhole which 
is 4700 feet back. We then switched scooters 
and stages and motored another 5000 feet 
to the "jump” where the new line begins. 
Mike told me that there was one tight 
restriction to negotiate on the way to the 
pit. He was right. We arrived at the 
room and saw where the line ended. I 
swam out over the hole and nearly died 
and went to heaven. We were looking 
at at least 150 foot depths. The place 
reminded me of the Cube Room in Sally 
Ward Spring, crystal clear water with a blue 
tint and huge pure white boulders. I was ready 
to "sky dive” down.

Mike tied off and we swam over the edge and began our 
descent. As we floated down I was "screaming” through my 
regulator like a kid. We hit a hundred and the thing was still 
going. I was stoked. We held the dive to 214 fsw though 
there still was depth to run. MAGNIFICENT. The dive ranked 
up there as one of my best and favorites. We’ve decided to 
call it, The Blue Abyss. Green side up, check your six and 
MAINTAIN.

Steve Gerrard

Playa Del Carmen, QROO, Mexico
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Priced at $150 (US), the SEGA 
Virtual Reality Headset is not 
configured for underwater applica
tions.

Yet. Given that 'wearable' 386's 
are just now hitting the streets, we 
may not have to wait for long. 
Water sports anyone?

Do you have information to share with other readers? 
Communicate: a/c, PO Box 4243, Key West, FL 33041, f: 305.293.0729.

aquaCorps Journal 33



Finally
An Air Quality Specification.
well almost... By Cathie Cush

Ed Betts, President., ANDI and Tom Mount, President. IANTD present an air quality stan
dard at tek.93 with the help of Richard Nordstrom, Dive Comm and instructor Frans 
Vandermolen who facilitated the agreement.

T
he two bodies involved in 
enriched air nitrox (EAN) 
signed off on specifications 
for oxygen-compatible air. But 

instead of clearing the air, the 
specs sparked new debates. Are 
they too strict? Are they strict 
enough? Will mainstream dive 
shops be able to meet them? Or 
will they blow themselves up try
ing?

At tek.93 in January, represen
tatives from American Nitrox 
Divers Inc. (ANDI) and the 
International Association of 
Nitrox and Technical Divers 
(IANTD) agreed that compressed 
air to be used with oxygen (O2) 
should contain no more than 0.1 

mg/m3 of condensed hydrocarbons and no 
more than 2 ppm carbon monoxide (CO). 
Carbon dioxide (500 ppm) and methane (25 
ppm) levels are consistent with Compressed 
Gas Association standards for Level E air. The 
air may be generated by an oil-less, oil-free or 
oil-lubricated compressor. Each agency 
requires its facilities to participate in quarterly 
gas analysis.

"Gas analysis confirms that primary gases 
meet commodity specifications and that they 
are free of contaminants. Periodic gas sam
pling is also utilized to confirm the effective
ness of filtration systems and to identify 
requirements for both planned and corrective

maintenance on compressors, storage systems 
or filters," explains Lt. Cmdr. Paul Morson, 
special advisor to the Experimental Diving 
Unit at Canada's Defense and Civil Institute of 
Environmental Medicine (DCIEM). "We are 
concerned that primary gases—oxygen, nitro
gen and helium—are present in known quan
tities, as these percentages are employed in 
decompression algorithms. We are further 
concerned that contaminants are not toxic 
and do not additionally lead to engineering 
failure, such as corrosion or flammability."

Condensed hydrocarbons are a potential 
source of fuel for fire or explosion in highly 
volatile high-pressure oxygen environments. 
Rapid compression, friction and particle 
impact all could ignite a fire in such an envi
ronment.

Upping the ante
The agreed-upon specifications represent 

compromises on both sides. Until recently, 
ANDI maintained that only air from oil-less or 
oil-free compressors was satisfactory. New fil
tration technology motivated the change in 
position. Before January IANTD didn't have a 
formal specification for oxygen-compatible 
air, although operators generally pumped air 
with less than 0.2 mg/m3 of condensed 
hydrocarbons, according to IANTD vice presi
dent Capt. Billy Deans.

"Empirical data has shown that to be more 
than adequate for use with 100-percent oxy
gen," says Deans. "Nobody can test to lower

levels than that unless you're willing to pay 
big bucks."

"Testing is available to meet the new speci
fication, but I don't have a price yet," says 
Mike Casey, who handles lab services for 
Lawrence Factor, a Hialeah, Fla., company that 
provides high-pressure compressors, filtration 
and purification systems, and breathing gas 
testing for both the military and the private 
sector.

Estimates as to the cost of meeting the 
specifications vary greatly. According to Casey, 
"the difference in initial cost might be $500, 
plus an additional $500 a year. Those are big 
numbers for a dive shop."

"If you're using an oil-lubricated compres
sor, it will probably cost $2,000-$3,000 to 
change over," says Ed Betts, ANDI founder and 
president. "If you're using a oil-free compres
sor, it's probably not more than $1,500, and 
maybe nothing." Betts estimates that analysis 
will cost approximately $75 per quarter.

"This poker game has an ante," Betts con
tinues. "If you don't have the ante, get your 
ass out of the chair and watch. If you want to 
play, put up the ante and sit down."

"This may be overkill," observes Tom 
Mount, IANTD president. "It's beyond what 
NOAA and the navy do.

According to Glenn Butler, CEO of Life 
Support Technologies, Inc., the condensed 
hydrocarbon spec reflects the minimum detec
tion value of oil and reflects existing filtration 
technology.
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"If you can detect oil, that's reason for 
cleaning your system," Butler says. "All the 
documentation to date supports that you need 
oil-free air.

"The overall program is going to cost more 
money," he says. "But the guys who are mar
ginal are going to have accidents. There's a 
tendency to want to short-cut based on eco
nomic greed, and that's irresponsible."

Casey doesn't believe that the standard is 
"way out of line. I would love to see it at that. 
But I don't think it has to be that restrictive if 
the system is maintained properly." However, 
he adds, "the sport diving community isn't as 
good on maintenance as the technical opera
tors. They're not as thorough, they don't keep 
records. They're going to be lax, and there are 
going to be a lot of problems."

The 0.1 mg/m3 spec for condensed hydro
carbons "is fine, but it may be lower than 
necessary," says J. Morgan Wells, Ph.D., direc
tor of the National Oceanic and Atmospheric 
Administration's (NOAA) Experimental 
Diving Unit.

Double jeopardy
Cost isn't the only concern. The specifica

tions have a lot to do with liability. While 
some say that the agreed-upon limits will pro
tect gas purveyors, others fear that operators 
are placing themselves in legal jeopardy.

"The sport and technical diving communi
ties aren't inventing all this stuff," says Butler. 
"For liability reasons, we can't do this much 
differently from the balance of the industry."

Morson notes that if a dive accident 
occurs, one question that will arise is, "Did 
you meet or exceed the known standard? 
[Breathing gas] standards already exist in com
mercial, industrial, government and military 
arenas." As providers of a commodity product, 
dive shops are responsible for the quality of 
that gas, Morson adds. "If you're in the game, 
you're liable."

"I agree that this [specification] is more 
defensible, closer to existing standards," adds 
Casey.

Wells offers another perspective. He is par
ticularly concerned about the 2 ppm limit on 
CO. The U.S. Navy allows up to 20 ppm; more 
stringent U.S. Fed Spec BB-A-1034 limits CO to 
10 ppm.

"The 10 ppm figure is so very low that 
making it any lower is not going to make it 
any safer, but it makes it more likely that a lot 
of dispensers are going to flunk the test," 
Wells predicts. He envisions an accident sce
nario in which later gas analysis shows a CO 
level of 8 ppm.

"Now eight happens to be perfectly safe, 
but it violates this standard. If a sharp lawyer 
gets a hold of that information," Wells notes, 
it could mean trouble, even if the CO level is 
not relevant to the case. "The 2 ppm spec is 
unnecessarily low without justification. If we 
have to meet these specs, we better make 
them reasonable."

The 2 ppm figure reflects the Canadian 
Forces Standard for mixed gas for divers. It is 
based on 1/25 of the Threshold Limit 
Value-Time-Weighted Average (TLV-TWA)

documented by the American Conference of 
Government Industrial Hygienists (ACGIH). 
The ACGIH Threshold Limit Value for CO is 
50 ppm at the surface.

"That's the current level for individual 
exposure for eight hours," Wells says.

CGA's Level E air, with its 10 ppm CO 
limit, Morson points out, is only verified to 
130 feet. "What happens when you go to 190, 
or 400 feet on trimix?" he asks. Such increased 
partial pressures multiply the toxic effects of 
the contaminant. The effects of carbon 
monoxide exposure are cumulative unless the 
PCO is lower than PO2 values, he notes. 
Maximum short-term exposure to CO (15 
minutes in 24 hours) is 400 ppm.

"Air is used deeper than enriched air," 
Wells counters. "Breathing enriched air pro
tects you against carbon monoxide anyway."

Physiologically, CO acts as a function of 
its proportion to oxygen in a mix. Most CO 
threshold limit values are based on a back
ground of air at 1 atm. When a mix contain
ing both CO and O2 is compressed, the ratio 
of the two gases does not change, making it 
unnecessary to establish a lower limit for CO 
at depth.

Missing measures?
The agencies agreed that gaseous hydro

carbons (reference methane) should be limited 
continued on p. 40

Compressed Air Driven 
GAS BOOSTERS and 
packaged units
Intrinsically safe - a basic tool for 
sport, commercial and military divers 
for over 20 years.

Boost all breathing gases oil free - 
including pure oxygen to 5000 psi.

Source gases can be from cylinders, 
vaporizers, mechanical compressors, 
O2/N2 generators.

Select from over 45 models in 3 air 
drive series

Haskel, Inc.
Burbank, CA 91502 ■ U.S.A.
PH : (818) 843-4000
FAX : (818) 841-4291

Our products are backed by outstanding technical support, an 
excellent reputation for reliability, and world-wide distribution.
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Trimix
Report

by Michael Menduno

Capt. Billy Deans and Jim King following a 
20 minute exploration dive on the USS Fred 
T. Berry at 378 fsw (116 msw) using trimix 
10/60, intermediate mixes; air, EAN 30, 
EAN 46 and oxygen. Photo by Dan Burton.

T
hough trimix is being used successfully 
by small groups of divers in the U.K., 
Mexico, France, and Switzerland, most 
of the current work is being done in America. 

To date, conservatively 1500-2000 open circuit 
trimix dives have been conducted in the U.S. 
since 1987 by divers from the wreck, cave and 
scientific diving communities. Depths range 
from about 150-870 fsw (45-264 msw), 
though the majority of these dives have been 
conducted in the 200-350 fsw (60-100 msw) 
range with typical bottom times of 20-30 min
utes, ranging up to 60 minutes. 
Approximately 100 dives have been conduct
ed in the 300-500 fsw (90-150 msw) range and 
only a handful in excess of 500 fsw (150 msw). 
These have been conducted by several leading 
cave explorers including; Sheck Exley, U.S., 
Jim King, U.S., Claude Toulomdjian, France 
and Jochen Hassenmayer, Switzerland.

The Safety Record
Dr. R.W. Bill Hamilton of Hamilton Research 
Ltd., Tarrytown, NY has been responsible for 
developing decompression procedures for a 
large number of these dives using the DCAP 
computational algorithm. Schedules from 
John Crea, Submariner Research Ltd., 
Bainbridge, GA, Randy Bohrer, Underwater 
Applications Corp., Nashua, NH, Kevin Gurr, 
Redding, UK and other sources have also been 
used as well. To date, the decompression expe
rience has been good. In four reported inci
dents, two were "suspected" DCI and success
fully treated with surface oxygen following 
the dive. Another possible DCI incident 
appears to have involved minor pain-only 
symptoms that was resolved without chamber 
treatment, an option which was refused by the 
diver. A final apparently mild DCI incident 
occurred following a 20 minute, 300 fsw (92 
msw) exposure and was treated successfully 
with a USN Table 5.

With regard to operational safety, three fatali
ties, one "near miss," and a "blow-up" result
ing in decompression illness, occurred during 
trimix diving operations in the U.S. in last two 
years, though these had little to do with the 
gas mix itself. The first fatality was due to a 
freak water reversal in an underwater cave 
near Tallahasee, Florida, that resulted in two 
divers being trapped during a deep mix dive. 
One of the team survived. The second fatality 
occurred on the Andrea Doria, when a diver 
separated from his partner during a wreck 
penetration run, ran out of gas after exiting 
and drowned. Several weeks later, another 
diver got lost in the wreck after getting sepa
rated the team's mainline during a trimix 
operation and drowned. In another incident, 
related to mix, a diver suffered a CNS convul
sion during in-water oxygen decompression 
following a deep mix dive, when he lost buoy
ancy control, drifted down and "dozed off" at 
35 fsw/11 msw (PO2=2.06). The diver, a para
medic, had only two hours of sleep the night 
before the dive. He managed to inflate his 
BCD before convulsing floated to the surface 
and was rescued by an excellent surface sup
port team and resuscitated. A final incident

was due to operational problems 
during a wreck dive— the diver 
missed the "down line" on 
descent, got lost, ran out of gas 
and was forced to "blow up" to 
the surface omitting decompres
sion. He was rescued, evacuated 
to a chamber and treated success
fully (See "Safety First, An 
Analysis of Recent Diving 
Accidents," by Michael Menduno, 
technicalDIVER 3.2, 1992 for 
details). See Incident Report, 
pg.23 for update.

Methods, 
Procedures and 

Training
From a technological perspective, 
a focus of many of these pioneer
ing dives has been to develop 

reliable operational procedures including gas 
mixes, reliable decompression methods, stag
ing, and adequate diver support. Two groups, 
lead by Capt. Billy Deans of Key West Diver 
Inc., Key West, Florida and Jim King of Deep 
Breathing Systems, Sevierville, Tennessee, and 
several other individuals, including Sheck 
Exley have been responsible for much of this 
effort in the U.S. Much of this draws on the 
earlier work of the Wakulla Project conceived 
and led by Dr. Bill Stone ("The Wakulla Springs 
Project," edited by Dr.William C. Stone, U.S. Deep 
Cave Diving team, Derwood, MD.1989), the 
Sullivan Connection project organized by Bill 
Gavin, Bill Main, and Parker Turner and Sheck 
Exley's pioneering dives. Open water work uti
lizing heliox mixes has also been conducted 
by Ken Clayton, Washington D.C., Gary 
Gentile, Philadelphia, Pennsylvania, and Steve 
Gatto, Atco, New Jersey.

Key West Diver has developed many of the 
field methods and procedures for open water 
operations and has served as a training center 
for the majority of other technical diving 
operators, and many users in the US and 
abroad (Presently there are about ten 
operators/user groups regularly conducting trimix 
diving operations and offering training— see 
below). In parallel, Deep Breathing Systems has 
been responsible for developing many of the 
operational procedures and equipment for 
deeper exploration work. In addition, with the 
help of DCIEM, Toronto, Canada, Deep 
Breathing Systems has spearheaded the testing 
and validation of the decompression methods 
and tables generated by the DCAP algorithm 
using Doppler monitoring and other tests 
designed to measure decompression stress.

On the training side, the International 
Association of Nitrox and Technical Divers, 
(IANTD), Miami, Florida, led by Tom Mount, 
has pioneered the development of user and 
instructor trimix training programs, and cur
rently has a roster of over 20 trimix instructors 
(see the tek.GUIDE, aquaCorps Journal N5, 
1993, for facility and instructor listings) . IANTD 
has made significant progress over the last 
year in developing training standards, texts
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and materials with the help of Dr. Lee Somers, 
University of Michigan, Ann Arbor, Michigan 
and is currently the only company offering 
formal trimix certification. IANTD has report
edly just obtained instructor insurance to 
cover its activities though rates are not yet 
available. Island Scuba Center, headquarters of 
the American Nitrox Diver Inc. (ANDI), has 
been conducting trimix dives for some time 
and plan to launch an extended range pro
gram later this year. In addition, there is at 
least one University trimix diving program at 
Florida State University, developed by Gregg 
Stanton. The British are also involved through 
IANTD UK, Somerset, England, headed by Rob 
Palmer, though their efforts to date have 
focused primarily on enriched air nitrox and 
some of the early development work on closed 
circuit systems. There is also some interest in 
Australia, spearheaded by Rob Cason, of Fun 
Dive Centre, Sidney, NSW, an IANTD director, 
and others.

Operating Guidelines
Though rudimentary training standards exist, 
there is as yet no written set of operating 
guidelines for self-contained trimix diving. 
However, an emerging set of "community" 
operational guidelines is developing with 
some success. (See "Extended Range Safety 
Guidelines," pg. 19 ). With regard to deep div
ing, the emerging "community consensus" is 
that dives beyond about 200 fsw (60 msw) 
should be conducted on a helium-based mix.

Today, most U.S. dives conducted in the 180- 
300 fsw (55-90 msw) range have standardized 
around the use of trimix 14-17/x, (14-17% 02 
depending on the depth, maximum working 
PO2= 1.4-1.45 atm) with an "equivalent narcot
ic depth" (END) ranging from 85-175 fsw/25- 
53 msw (He% = 25-60%) depending on the 
exposure and application. Though "lean" 
trimixes with a helium content of 25% or less 
(an END of 175 fsw /53 msw at 250 fsw/76 
msw), sometimes referred to as "poor persons 
mix" (helium-diluted air) on the basis of their 
relatively low cost and mixing ease, are some
times used to reduce the risk of 02 toxicity 
and "take the edge off narcosis," the general 
thinking today is to eliminate as much narco
sis as economically feasible. As a result mixes 
with at least 50% helium (an END of 85-118 
fsw/25-36 msw at depths of 250-300 fsw/75-90 
msw) are gaining in popularity and will likely 
become a community standard. 
Decompressions for these operations utilize a 
single enriched air intermediate mix, typically 
an EAN 32-36, which is breathed beginning at 
the first or early decompression stops, typical
ly in the 110-130 fsw/33-40 msw range, fol
lowed by oxygen breathing at the 10 and 20 
fsw/3-6 msw stops. Based on good success 
with these procedures, a set of provisionally 
standardized trimix decompression schedules 
for dives to 250 fsw (75 msw), known as the 
"Key West Consortium Tables," have been pre
pared by Key West Diver and Hamilton 
Research Ltd, to assist in standardizing opera
tions and managing access to tables. These 
tables are unique in that they allow a "variable

percentage of helium," and have been adopted 
by the majority of technical diving operators 
in the U.S., including Enchanted Diver, Floral 
Park, NY, The Gas Station, Gloucester, NJ, 
Ocean Odyssey, Santa Cruz, Ca, and Scuba 
Adventures, San Bernadino, CA. Schedules uti
lizing air as an intermediate gas have also 
been developed, by Underwater Applications 
Corp., and used with success where access to 
sufficient onboard enriched air supplies is a 
problem.

For deeper dives in the 300-500 fsw/90-150 
msw, ENDs are generally set at 150 fsw/45 
msw or less and decompression procedures 
typically involve air as an intermediate gas

beginning as deep as 220-230 fsw/67-70 msw, 
followed by one or more enriched air interme
diate mixes. For example, a typical procedure 
is to use an EAN 30 for stops beginning at 150 
fsw/45 msw with a switch to EAN 46-50 at the 
80-70 fsw/21-24 msw stops. This would be fol
lowed by oxygen decompression at 20-30 
fsw/6-9 msw (Note that the community consen
sus guideline is to limit oxygen use to 20 fsw/6 
msw or less—ed.). Doppler testing following 
these dives has suggested the use of air as a 
deep intermediate gas reduces decompression 
stress significantly, though the jolt of 
"instant" narcosis, and cumulative oxygen tol
erance, must be managed with care.

continued on oaee 42

In Training

At Key West Diver, we 
take getting wet seri­
ously. We train for it. 
And with over 15 
years of deep diving 
experience behind us, 
five with special mix, 
we can offer you a 
depth in training few 
can match.

Key West 

Technical 
Diving 

Center
Key West Diver Inc
MM 4.5, US1, Stock Island 
Key West, FL 33040 
fax: (305) 294-7612 
1-800-873-4837

Ask about our
"Onsite Workshops"
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Mixed Opinion:

The
British
Sub-Aqua
Club's
Report
On the use 
of Enriched
Air Nitrox

by Chris Allen

In response to the growing interest and press 
regarding enriched air diving, the British Sub 
Aqua Club (BSAC) National Diving Committee 
formed a working group to review the use of mix 
technology in sport diving. The following is an 
excerpt of their report which originally appeared 
in the February issue of "Diver." Note that BSAC 
is a "membership" club that offers sport diving 
training and certification similar to that provid­
ed by the recreational training agencies in the 
US. The recognized sport diving range in the UK 
includes up to 50 metre (162 fsw) air dives with 
limited decompression.

O
ver the last twelve months or so there has been considerable 
interest in the use of gases other than air for sport diving, in 
particular the use of enriched air nitrox. In the USA, the sub
ject generated a heated debate between the enthusiasts who claimed 

that "technical diving" offered a new direction for the sport, and the 
critics who believe that the use of any mixed gas other than air is out
side the realm of sport diving. Though the U.S. debate over enriched 
air nitrox has cooled, in the UK many open issues and misinformation 
remains.

A common misconception in the UK is that the use of enriched air 
mixtures will allow sports divers to dive deeper depths than they could 
on air. This is not the case. By replacing some of the nitrogen in air 
with more oxygen, the resulting enriched air mixture offers a reduced 
decompression requirement for a dive to a given depth. However, the 
increase in the partial pressure of oxygen in the mixture also means 
that the threshold of oxygen toxicity occurs at a shallower depth than 
with air resulting in reduced operating limits.

In theory, any number of different enriched air mixtures can be 
produced from oxygen and nitrogen. In practice, however, most sport 
and scientific divers use one of two standard mixes established by the 
National Oceanic and Atmospheric Administration (NOAA) in the 
USA. These are referred to as NOAA Nitrox I, i.e. EAN32 (32% 02, 68% 
N2) and NOAA Nitrox II i.e. EAN36 (36% 02, 64% N2).

EAN 32 was originally regarded as having a maximum operating 
depth (MOD) of 40 metres (130 fsw) and EAN 36 a limit of 34 metres 
(110 fsw). However, recently the shallower limits of 35 metres (114 
fsw) and 30 metres (98 fsw) respectively have been adopted in the UK 
to reflect a more conservative approach to oxygen management 
(Maximum working PO2 =1.45 atm—ed.). By using a suitable nitrox mix 
in conjunction with a standard air decompression table or dive com
puter and performing the the dive as if it were on air, a diver can 
increase his safety margin against the risk of decompression sickness. 
Alternatively, the available bottom time can be extended by using an 
appropriate nitrox table, or by carrying out equivalent air depth calcu
lations and using standard air tables.

The advantages of enriched air are claimed to be;
• Extended no-stop time limits.
• A reduction in decompression time if no-stop limits are exceeded.
• A reduction in residual N2 in the body following a dive.
• Reduced nitrogen narcosis.
• Reduced risk of decompression sickness.
• A reduction in "Sub-clinical" DCI following a dive.
• A reduced rate of gas consumption.

I
t can be seen from a comparison of No-Stop times that the NOAA 
NNI tables, offers a definite and significant increase in available No
Stop time over air. However, calculating gas requirements against 
depth for a maximum No-Stop dive on air and EAN32 (assuming a 

25% reserve and a surface breathing rate of 20 litres per minute— 
about .7 cf/m ), it can be seen that for dives shallower than about 25 
metres (82 fsw) most single tank divers would be unable to carry 
enough gas to be able to take advantage of the increased time avail
able. In this case, extra bottom time is only a real advantage on dives 
in a relatively narrow depth band, between 25 metres and the 30-35 
metre limit of the gas mix being used (a range of about 80-115 fsw).

The claimed reduction in nitrogen narcosis seems to be widely 
accepted. However, attempts to measure this objectively have been 
unable to demonstrate any difference in performance and there is rea
son to believe that oxygen can produce the same narcotic effect as 
nitrogen (Linnarsson et al, 1990). Most experienced divers would 
probably not report any narcotic effects on air at depths shallower 
than the 30 metres maximum operating depth (MOD) limit for EAN36 
anyway, so any advantage is likely to be restricted to EAN32 between 
30 metres and its 35 metres limit (114-130 fsw).

If enriched air is used as the breathing gas and standard air tables
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are used to calculate decompression require
ments then there will certainly be a reduced 
risk of decompression sickness. However, at 
depths shallower than 25 metres (81 fsw) the 
risk of DCI is already low, and this benefit is 
probably again restricted to a narrow depth 
band. If nitrox tables are used to gain more 
bottom time, the risk of DCI will of course be 
similar, although some slight benefit will be 
gained from the fact that nitrox is breathed at 
the decompression stop rather than air as 
assumed by the table. The evidence for claims 
that "sub-clinical" DCI is reduced for dives on 
enriched air nitrox, and that the rate of gas 
consumption is reduced, is subjective at best. 
"Sub-clinical" DCI is by definition unde
tectable (except possibly on the basis of doppler 
measurements—ed.), and therefore not really a 
problem. What's more is that minute volume 
is affected little by the proportion of 02 in a 
breathing mix.

In terms of the disadvantages of the use of 
enriched air mixtures by sport divers, critics 
have focused on the following points:

• The risk of usually fatal 02 toxicity if 
depth limits are exceeded.

• Equipment compatibility for nitrox use.
• The problems associated with gas mix and 

handling, including testing before use.
• Potential difficulties for hyperbaric treat

ment of a nitrox-breathing diver should 
DCI occur.

Are these disadvantages are really valid?

O
xygen toxicity of the central nervous 
system (CNS) can result in the classic 
oxygen convulsions which, due to the 
risk of drowning, are almost inevitably fatal if 

they occur at depth. Susceptibility to CNS 
oxygen toxicity is highly individual and can 
be affected by anxiety, exercise cold and CO2 
retention. Unlike the gradual onset of nitro
gen narcosis, CNS toxicity usually occurs with
out warning and is by no means only a theo
retical risk. Last summer in the USA at least 
three divers experienced oxygen seizures; two 
while diving nitrox mixes resulting in fatali
ties and a third during his oxygen decompres
sion on a trimix dive. The diver was fortunate 
to survive ("Safety First" by Michael Menduno, 
technicalDIVER 3.2. For additional incidents see 
"Oxygen: Good, Bad and Ugly,” pg.23). Though 
pulmonary oxygen toxicity has also been sited 
as a potential problem, today there is general 
agreement that it is not an issue in open circuit 
nitrox diving. It was this risk that mistakenly 
gave rise to the concern over treating enriched 
air divers in the event of a DCI incident.

With regard to equipment, most nitrox 
use is currently conducted with standard 
open-circuit equipment, though the "next 
generation" nitrox rebreather is probably not 
far away. Experience in the USA suggests that 
nitrox mixes containing up to 40% oxygen 
may be safely used with standard scuba equip
ment, providing it has been cleaned for oxy
gen service and providing air quality require
ments are met. The mixture must be com
pletely mixed before coming into contact with 
any equipment not suitable for oxygen ser

vice, and all lubricants used must be oxygen 
compatible. Although this is an area where 
there still remains some uncertainty, it is 
undoubtedly true that problems could occur if 
standard scuba gear is exposed to 100% 02 for 
example during mixing.

In addition, cylinders for nitrox use 
should be dedicated, labeled and colour coded 
accordingly. Gas analysis must always be per
formed before use. The depth limitations of 
the mix must be well understood and there 
must be no possibility of using the wrong 
equipment or gas mix. This is why the use of 
dedicated and identified equipment for nitrox 
is essential. The result is that divers wishing to 
perform dived deeper than 35 metres or occa

sional air dives will likely need to have two 
separate sets of equipment.

A further important concern over the use 
of nitrox is whether the sport diving commu
nity can cope with the mixing and safe han
dling of the gas mixes. Questions to be 
addressed here include oxygen handling, 
obtaining sufficiently clean air for the mix 
(see Air Quality pg. 34), making the correct 
mixture and gas analysis.

The working group's conclusions are that 
the use of nitrox has advantages in the middle 
depth range which may be of particular use 
for cave divers and scientific divers. However, 
for most sports divers, the disadvantages of

More Volume 
Less Pressure

TANKS
Avoid high pressure stress 
with OMS 'low pressure" 
high volume tanks. 
D.O.T. 3AA, 2400 psi. 
Chromium molybdenum 
steel. Neutral in salt 
water.

OMS offers a 
complete line of 
high volume 
tanks, convert­
ible valves and 
specialty equip­
ment for the 
demanding diver 
whatever your 
application.

BCD
Dual bladder/single bag 
redundancy. Dual infla
tion hoses, trim 
adjustable. Bands, back
plates and harnesses.

VALVES
Modular single, Y, H, 
and manifold valves. 
DIN/K convertible. All 
valves utilize Viton "O- 
rings' and oxygen-com
patible grease.

OCEAN MANAGEMENT SYSTEMS
PO Box 146, Montgomery, NY 12549 p/f: 914-457-1617
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Sea Dwellers of New Jersey
TECHNICAL DIVING CENTER

• Nitrox Instructor Training
• Nitrox and Trimix Gas Mixing On premises
• Technical Nitrox and Trimix Training Courses Offered Monthly
• Manufacturers of Anodized Up-Line Reels and Protective Cages
• O2 Cleaning of Regulators and Tanks
• Authorized repair center For All Manufacturer’s Equipment
• Advanced Wreck Diving Training Our Specialty
• Specialized Equipment rentals Including Video & Editing

132 A Broadway 
Hillsdale, NJ 07642

201-358-0009
Fax: 201-358-1519

“Your One-Stop Shop For All Your Technical Diving Needs”

If you're looking for haute couterier for the diver, 
forget The Working Diver. But if you want to tap 

underwater technologies tnat are linking up with NASA's space 
program, if you want safety features that can increase your odds of 

survival diving mixed gas, check out what our readers say-
"While your magazine is mainly directed at Industrial Diving Segments, 

many of the Health and Safety concerns of our type of diving are 
comparable. I feel that The Working Diver addresses these areas much 

more adequately than other publications directed at the 
non-professional diver. I would like to obtain all back issues 

of The Working Diver for our reference files.
Thank you Mike Kitahara California Abalone Association

P.S. We thank the Smithsonian 
Institute Diving Division for 

subscribing to The Working Diver

The Working Diver
P.O. Box 834

         Lacombe, LA 70445
US 3rd class (one year) $12 

Foreign 3rd class (one year) $35

THE BSAC WORKING GROUP FINDINGS

ADVANTAGES OF NITROX VALID NOT VALID
Extends No-Stop time X
Reduced decompression times X
Reduced residual N2 
Reduced narcosis

X
X

Reduced risk of DCI 
Improved cellular integrity

X
X

Reduced sub-clinical DCI X
Reduced gas consumption X

DISADVANTAGES OF NITROX VALID NOT VALID
Risk of 02 toxicity X
Equipment compatibility X
Problems of gas mix/handling/testing
Potential difficulties for hyperbaric treatment

X
X

nitrox are likely to outweigh the advantages 
on most dives. As a result, the National Diving 
Committee of the BSAC has taken the view 
that the general use of nitrox by sport divers 
in the UK is not appropriate. It has therefore 
decided that its use will not be permitted dur
ing any club-sanctioned activities. In the 
future, reliable microprocessor-controlled 
nitrox rebreathers may become an option. 
However, in the short term, air is likely to 
remain the breathing gas of choice for the vast 
majority of divers.

Chris Allen is the Secretary of the British Sub
Aqua Club and one of their senior instructors. 
Prior to chairing the BSAC Working Group on 
Mixed Gas he served as the BSAC Incidents 
Advisor for four years. He can be contacted at 
BSAC Headquarters, Telford's Quay, Ellesmere 
Port, South Wirral, Chesire L65 4FY. Fax: (051)- 
357-1250.

AIR QUALITY continued from p.35

to 25 ppm. This figure is 
consistent with the CGA 
Level E, U.S. Navy, Fed Spec 
BB-A-1034 and other stan
dards.

Morson is concerned 
that the agreed-upon specifi
cations do not adequately 
address non-methane hydro
carbons that are the by
product of combustion or 
off-gassing of hydrocarbon 
lubricants, or from vapor 
degreasers. Many of these 
substances are known or sus
pected carcinogens.

"An example is ben
zene," Morson says. "The

established TWA for benzene is 10 ppm on the 
surface."

Canadian Forces air purity standards 
require that only 1 ppm be present, and stan
dards for pure or mixed gases are even stricter.

Wells is concerned that gas analysis 
doesn't go far enough regarding potential sys
tem failure.

"The danger arises from an accumulation 
of condensate on pipes, etc., in the system. 
These may be piling up each time you fill a 
cylinder. Over a period of time it could ignite. 
The stuff will be in the filters. You're going to 
blow your bloody filters up," Wells says. "An 
air quality test does not answer the question. 
It will not tell you what's sticking to the side 
of your system."

All oil-lubricated compressors are prone 
to condensate build-up within the system. 
Presumably a low level of condensate in the 
output air indicates the absence of apprecia
ble condensate in that part of the system. 
Condensate may be present before the filters, 
but that air is not mixed with oxygen, so the 
issue is less critical. Additional testing is 
required to determine the presence of con
densate.
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The potential for problems would be elim
inated by not using oil-pumped air for mix
ing, Wells notes. But he says he can see the 
dive operators' side of the issue, too. At 
NOAA, "we can afford to go to oil-less com
pressors."

The interim answer, he says, lies in strict 
system, cylinder and valve inspection and 
maintenance. Others agree.

"I think it will boil down to system clean
liness and filling protocols," says Deans. Seven 
gas panels now in place across the country are 
based on a design he developed in 1987. "You 
should make sure you're running clean before 
you start your operation."

"High pressure oxygen is used safely every 
day by industry, aviation, and in medical 
applications. These industries have learned 
that they key to oxygen safety is the use of 
specially prepared and compatible equipment 
by trained personnel following specific proce
dures," Butler writes in "Oxygen Safety in the

From left to right: Frans Vandermolen, Laura Betts, 
Ed Betts, Tom Mount, Richard Nordstrom, John 
Comly.

Production of Enriched Air Nitrox Breathing 
Mixtures," co-authored with Stephen Mastro, 
Alan W. Hulbert and R.W. Hamilton. The 
paper was presented in September 1992 at the 
American Academy of Underwater Sciences 
12th Annual Scientific Diving Symposium.

The argument about oxygen-compatible 
air specs may have an interesting payoff for all 
scuba divers. As the diving public becomes 
aware of air quality and system cleanliness 
issues, divers—even ordinary air breathers— 
may start to insist that all dive operators meet 
recognized standards for breathing air.

An aquaCorps contributing editor, 
Cathie Cush is a free-lance writer who spe
cializes in diving, marine environment and 
technology, maritime history and dive trav
el. Her work has appeared in "Sports 
Illustrated", "Outside", "Carribean Travel 
& Life" and most major dive publications. 
A NAUI Member she can be contacted at 
PO Box 4243, Key West, FL 33041, 
CompuServe: 73777,2454, GEnie: C. 
CUSH.

TRAINING
Technical and Instructor Training 
for the Southwestern U.S. Specializing in 
individuals and small groups: Nitrox diving, 
Trimix diving, Cavern and cave, Wreck diving 
and other programs.

Discover the new fron
tier: cave(rn) diving in 
Yucatan, Mexico. Guided 
tours and instruction 
throughout the year.

Frans Vandermolen
Flying Dutchman 
Hyperbarics 
PO Box 3956
Mission Viejo, CA 92690 
p: (714)380-7462 
F: (714)831-4288

TANK COUPLING SYSTEM

Fast, Safe 
andEasy 

to Use
After an exhilarating 

dive, you reach the surface 
happy and fatigued. It’s 
time to change tanks.

The Murray Tank 
Coupler allows for easy 
maintenance as you couple 
and uncouple your tanks in 
less than ten seconds. It’s a 
snap. This unique stain- 
less-steel coupling device 
can outfit three tanks for 
fast, safe ready-use. Visit 
your authorized dealer, or 
call for more information.

2402 Neptune Avenue 
Brooklyn, NY 11224 

718-372-0165

 researcher for the Royal Navy, covers ground-Underwater breaking research on 02 and nitrox............... $29Books  Decompression Demystified.
 By Dr. James Stangroom. Not just buzzwords

 but a basic understanding of the elements of
decompression theory..........................................$26

Papa Topsides: The Sealab Chronicles of                  Diving Medicine for Scuba Divers
Capt. George F. Bond, USN. Edmonds, McKenzie and Thomas....................$29
By one of the pioneers of saturation diving, also                 NOAA Dive Manual.
covers FISSH and more.........................................$25          Over 600 pages on diving for science............. $62
The 1993 Revision of U.S. Navy Diving
Manual and Tables. Call for prices. Over 70 other titles available.
Latest revision of DCIEM Diving Manual                                        Call or write for a complete list.
and Tables...................................................................$62

Mixed Gas Diving. 1-800-934-0967
By Bret Gilliam and Tom Mount......................$26            US AND CANADA
Oxygen and The Diver. Visa/MC or prepaid 1032 Irving #745
By Dr. Kenneth Donaldson. Written by a

  Prices include shipping. San Francisco, CA 94122
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The International Association of Nitrox 
(& Technical) Divers

• The first certification program for breathing gases other than air.
• Diver and instructor certification in EAN Nitrox; Nitrox Technical 

Diver, Trimix, Advanced Trimix, Gas Mixing, Mixed Gas Overhead 
Environment Diving.

• International Representation by IAND Australia and EATD in 
Europe.

To insure Superior EAN & Mixed Gas Diving Education from the most experi
enced professionals worldwide, call, fax or write today for a listing of facilities 

and instructors near you (international listings available).

Phone/Fax (305) 751-4873
1545 N.E. 104 Street • Miami Shores, FL 33138

Founded 1985 by Dick Rutkowski, pioneer of recreational EAN diving

DPA DIVE PROFILE ANALYSIS

PC Compatible Desktop
-Calculate Dive Tables
-Air, Nitrox, Trimix, and Heliox profiles 
-Enter Profiles based on:

-Gas Percentages
-Partial Pressure of Oxygen
-Equivalent Air Depth
-Constant PPO2 (Re-Breather profile) 

-Automated Entry for Repetitive Steps 
-Toxicity Warnings based on:

-Partial Pressure of Oxygen
-NOAA CNS Exposure Times
-OTUs (Oxygen Toxicity Units)

-HypoxiaWarnings
-EAD based Narcosis Warnings 
-Beginning & Ending Step Run Times 
-Multi-level profiles up to 248 steps

Decompression Software
-Evaluate Mixes over a Range of Depths 

-Determine Equivalent Air Depths 

-Determine Gas Volumes for each step 

-use PPO2 & EAD to Calculate Best Mix

-runs on IBM Compatibles - uses 500 KB 

-Ring Bound Manual Encluded

-Buhlmann ZH-L12 Algorithum

-DPA version 1.1 $ 279.00

CYBERTRONIX, INC. 3435 E. Redbud Dr. Knoxville, TN 37920 (615) 579-7978 Voice/FAX 
Rhea's Diving Services, Inc. (Credit Orders & Sales info) (615) 977-0360 or 977-0897 FAX 
International Association of Nitrox & Technical Divers (305) 754-1027 Voice/FAX 
High Tech Divers Australia PTY. LTD. 61 2 418-9507 or 418-9513 FAX

trimix continued from pg. 37

In response to the desire to maximize dive 
time at remote sites, for example, during 
offshore wreck diving operations, provi
sional repetitive trimix decompression pro
cedures have been prepared by Hamilton 
Research Ltd. utilizing conventional gas 
loading analysis. This method is criticized 
by some experts, but there is no accepted 
computational algorithm for repetitive div
ing. Though the potential for being able to 
employ repetitive diving seems promising 
and will probably grow as trimix use 
becomes more widespread within the com
munity, these tables have received only

minor usage to date. More data is needed 
in order to refine the computational 
method.Work on altitude tables has also 
been done by Submariner Research Ltd. 
and Underwater Applications Corporation 
for specific applications.

The next boom in decompression manage
ment tools will likely come from the 
growth of "desktop decompression soft
ware"— computational algorithms running 
on a personal computer being pioneered 
by Corey Bergren of Cybertronix, 
Knoxville, Tennessee, Sheck Exley, Live 
Oak, Florida, Kevin Gurr of Aquatronics, 
Redding, England, and Dan Nafe, Miami,

Florida (see "Desktop Decompression Review," 
by Dr. Bill Hamilton & John T. Crea, pg. 11).

The Operations Approach
To date, the field experience with trimix 
has shown that a rigorous "operations 
approach," including thorough planning, 
proper equipment, diver support, compe
tent execution, and the ability to respond 
and deal effectively with emergencies, is 
required to conduct these dives safely. 
Deep mix dives are by their nature com
plex because of the gas, decompression, 
and equipment management involved. 
There's a lot that can potentially go wrong. 
Simply breathing a mix is the easy part. 
The general consensus seems to be that the 
community still has a long way to go in 
improving operational procedures. In this 
respect a lot can no doubt be learned from 
the commercial diving community.

Over the next five years, trimix diving, 
supported by an "operations approach" 
and more in depth training, is expected to 
grow and become more accessible because 
of its safety advantages. As a result, trim- 
ix/heliox will likely replace the use of air 
for open circuit deep diving operations 
beyond about 180 fsw (55 msw), that is 
until reliable, low cost closed circuit sys

tems find their way to market. 
Take another breath.—M2

tekkie u k

T
he International 
Association of Nitrox and 
Technical Divers (IANTD) 
UK held their first technical 

workshop in Bristol, 
25Aprill993, where an enthusi
astic crowd heard Graham 
Laurie, representing the Health 
and Safety Executive (HSA) 
speculate that enriched air and 
mix diving are here to stay. 
Laurie went onto say that HSE's 
concerns were that an accepted 
set of training and operations 
standards be reached. 
Representatives from the major 
sport diving training agencies 
including BSAC, NAUI, PADI, 
SSAC, and SAA were also in 

attendance, and reported their positions 
on matters ranging from enriched air 
nitrox training to insurance.

Other topics addressed by IANTD UK mem
bers; Richard Bull, Kevin Gurr, Tim Stevens 
and Rob Palmer included IANTD training 
courses, instructor insurance, trimix diving 
and the future of closed circuit technology. 
Several major manufacturers were also in 
attendance including DUI, Northern Diver 
and Oceanic indicating that the UK diving 
trade is beginning to take technical diving 
seriously.—Rob Palmer, Bristol, England, f: 
0749.848.685.
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Mapping
Eagle's 

Nest
During the Eagle’s Nest project, our team was faced 

with finding a suitable way of mapping the cave system. 

As we explored, several options were available; but, 

wanting to be pioneers, we wanted to create the first

three-dimensional map (rather than the often used 

stick map). This would allow us to examine the cave 

system from different angles or views, hoping to con­

nect passages more easily. The team chose Autocad 

because it also allowed for measuring bearing and dis­

tance from point-to-point, volume of a given area and, 

of course, the 3-dimensional viewing.

Data was collected as follows: at every 50’ interval 

the bearing, depth and distance to right wall, left 

wall, ceiling and floor were noted. This allowed the 

formation of a single vertical plane. The computer 

then connected the vertical planes formed during 

the survey with straight lines to form a tunnel. The 

outer surface of the tunnel can be shaded automat­

ically to form a solid object; hence, the 3-dimen­

sional cave.

Data collection can be extremely time consuming 

as we measured some areas several times in order 

to get accurate “closing” on several rooms. Often 

Larry Green and I would have to travel 2000 feet in 

one direction requiring 20 minutes at 240-270 fsw 

(74-83 msw) before beginning our survey work. 

Trimix was always used to help improve the accura­

cy of our data collection. The end result is a 3- 

dimensional image that can be viewed and pho­

tographed from any perspective.

Exploration diver, Jim King, is the President of Deep 

Breathing Systems and a regular contributor to 

aquaCorps. He can be contacted at: PO Box 

4220, Sevierville, TN 37864. f: 615-428-3446

Get Serious
If you’re serious about improving your diving safety 
and performance, consider making the Gas Station 
a part of your team.

Whether you are just getting started in wreck div­
ing, or are making a penetration run on the "U- 
Who,” we can provide you with the tools and train­
ing to get the job done. From enriched air (nitrox) to 
argon, the latest in diving hardware, and ongoing 
training that’s second to none.

At the Gas 
Station, we’re 
serious about 
“extended div­
ing” safety. What 
about you?

Dedic a t ed t o  Tech n ica l  Divin g Exc el l en ce

The Gas Station’s state-of-the-art blend­
ing panel can supply; enriched air nitrox, 
heliox, trimix, oxygen and argon to your 
specifications.

The Gas Station
831 Charles Street 

Gloucester, NJ 08030 
609-456-4316 

FAX: 609-456-0046

The Riqht Mix
Underwater Applications can provide you 

with a complete line of mixing and analysis 
equipment along with the expertise to do it 
right. Whether you're getting started or just 
looking for the right stuff call the profession
als. Mix instructor and end user training avail
able. IANTD Certification

Affordable hand-held Doppler Systems
Oxygen Cleaning Kits
Oxygen Analyzers
Decompression Tables
Gas Mixing Systems
Haskel Gas Booster Pumps
Hydrocarbon-free Air Filtration

UNDERWATER APPLICATIONS 
CORPORATION 

427-3 Amherst St., Suite 345 
Nashua, NH 03063 
p/f: (508) 433-6586

Call for a free UAC catalogue.

TOOLS ACCESS

Adobe Photoshop, Adobe, US, p: 800.833.6687 • Autocad • Bridge, Dive Rite Mfrg. US f: 904.755.0613, UK 

753.841.686• Computer video image digitization (CVID), Creative Images, US f: 919.732.6197.• CRADOC 
CaptionWriter, Perfect Niche Software Inc., US, f: 602.945.1023• Cyberspace—See listing pg. X• DCAP, Hamilton 
Research Ltd, Us, f: 914.631.6134• DAWN, Trident Miniatures, f: 404.469.5324 • DIVA, Stolt Comex Seaways, France, 
f: 91.40.12.80 • DPA, Cybertronix, US, p: 615.977.0360• Dr. X's Dive & Deco Planner, DEEP Inc. Rt.8, Box 374, Live 
Oak, FL, 32060, US* EDGE, Delphi, Phoenix, Dive Profiler, ORCA Div. of EIT, US f: 703-478-0815• Excel, Microsoft, 
US, p: 800.323.3577• IRIS Explorer 2.0, Silicon Graphics, US p: 800.488.1414• MIG Technologies, US, f: 305-599- 

1140 • Mix Master, Ocean Diving, US, p: 305.943.3337 • Newtsuit, International Hard Suits, Canada, f: 
604.984.9138• ProPlanner,Aquatronics, US, f: 305.751.4873, UK, f: 635.874.188.• SMAPS, Speleo Technologies Inc., 
P.O. Box 293, Frostburg, MD, US 21532• Virtual 'S' Translator Tool, Virtual S, England p: f: 081.392.242 • PDA, 
VisionTECH p: 800.858.8317 •YSI 6000 Sonde,YSI Inc., f: 5163-767-9353. These products are discussed in this issue 
of a/c Journal.
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a  Aerospace

a  SCUBA Diving

a  Medical

a  Laboratory

HYPER-PURITY
Adsorption Technology For Compressed Air and Gases to 15,000 PSI

With absolute purity at issue, you need a purification sys
tem you can rely upon under pressure. One that meets the 
highest standards and is affordable...an Appliance from L- 
Factor. Lawrence Factor has remained an innovative industry 
leader through aggressive product research and diligent 

quality control. Attention to detail and concern 
for safety has lead to many outstanding products, 
putting L-Factor at the heart of purification 
systems worldwide. The next time you upgrade, 
let the X-perts at L-Factor guide you.

Lawrence Factor, Inc. * 305/557-7549
2748 West 79th Street, Hialeah/Miami, FL 33016 U.S.A.

* Worldwide Distribution * Wide Selection of

* Once-Thru Disposable Standard Models

Cartridge System * Units Custom Engineered
for Optimum Purity to Your Requirements

Purification to Less * Constructed of Corrosion
Than 1 -PPM Resistant Materials

* Easy and Inexpensive * Absolute Purity
to Reconfigure to Meet for Laboratory Conditions
Your Changing Needs* * Through Cartridge Selection

MiG Plan
Decompression Software
Generate Air • Nitrox • Trimix • Heliox • Oxygen Tables

User-Specified Decompression Algorithm
User-Specified Conservative/Aggressive Bias 
Multi-level, Multi-Gas Table generation
CNS Oxygen Dose Tracking
Gas Mix Optimization Planner
Automatic or manual Decompression Schedule Control 
Gas requirements Planning
Single and repetitive Dive Table Generation
Run-Time Dive Schedule Format

Fast • Easy To Use • Way Cool
MiG Technologies
A Division of Shadow Information Services Inc. 
2000 N.W. 88 Court • Miami • Florida 33172 
(305) 594-4994.

$199

COUNTRY
SCUBA

TECHNICAL DIVING
• Nit rox Diver
• Night Dives
• Wreck Dives
• Equipment
• Rentals
• Air and Nit rox Fills
• Repairs
• Open Water
• Deep Dives
• Cavern/ Cave

114 Lakeside Avenue, Lake Stockholm, NJ 07460 Tel: (201) 697-0287 FAX: (201) 697-0225

erratica

Market Bent
The "BENT" editorial by Michael Menduno, 
"aquaCorps Journal,” N5, incorrectly reported 
that a US company would soon be releasing a 
portable chamber priced in the $18,000 range. 
Currently, SOS Ltd’s inflatable "Hyperlite” cham­
ber is the only non-metal portable chamber on 
the market and is likely to remain so in the near

future (see "Portable Chamber Technology,” by 
John Selby, aquaCorps Journal, N5). Priced in 
the neighborhood of about $25,000, the 
Hyperlite represents a major breakthrough in 
chamber technology.

Many individuals, including the aquaCorps 
staff, believe that portable chambers are the 
way of the future—particularly for technical div
ing applications. With volume, prices are 
expected to fall and within five years, portable 
chambers will likely become a ubiquitous part 
of the diving scene. It only makes sense. 
Though the use of surface 02 is an advantage, 
field experience shows that immediate recom­
pression following a DCI incident is a key to 
successful treatment provided you have the 
facilities. Ultimately the question will come 
down to, "Who would YOU rather be diving 
with: The HAVES or HAVE NOTS?” M2

Where credit is due.
We inadvertently omitted a photocredit for the 
Winter cover of the tek.GUIDE, aquaCorps 
Journal, N5. This photograph of Parker Turner 
was taken at Cheryl Sink in1989 by Wes 

Skiles, Karst 
Productions, 
High Springs, 
FL, just prior 
to Turner’s 
"Sullivan 
Connection 
Project" dive 
conducted 
with Bill Gavin 
and Bill Main. 
In  1991, 
Turner was 
tragically killed 

in an underwater cave-in resulting from a freak 
flow reversal at Indian Springs system. A pio­
neer and instructor, he was loved and respect­
ed by many.
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Deep Tho ught

The Europeans, led by Carmellan 
Research Ltd. may be nosing ahead in the 
race to get a ‘low cost’ closed circuit sys
tem to market. Carmellan Research 
signed a marketing agreement with 
Dragerwerk AG last year to produce and 
market the military and commercial ver
sions of their system, the SMS 2000. The 
unit was on display at tek.93. Carmellan 
is also reportedly signed an agreement 
with Oceanic, San Leandro, CA to market 
a sport diving model in the States with a 
training program to be provided by ANDI, 
Freeport, NY. Learn about close circuit 
technology and its market prospects in 
our coming issue, aquaCorps Journal N7, 
“C2.”

Rob Palmer, Carmellan Research, holding a Lucayan 
Indian skull, one of 16 found, in Sanctuary Blue Hole, 
South Andros island during closed circuit operations.

tekkie 
award
The “tekkie” was 
awarded to Dr. R.W. Bill 
Hamilton at the tek.93 
Conference for his sig­
nificant contribution to 
the philosophy and 
development of 
technical diving. 
Created by sculp­
tor, Agustin J. 
( " A u g g i e " ) 
Rodriguez, Trident 
Miniatures, the 
sculpture was cast 
in 20 bonded 
bronze pieces with 
an additional 16 
pieces of brass, 
copper, and steel 
(not including hoses), and stands over 9” tall. The 
manifold alone has 13 components. A limited edition 
collector’s version of the “tekkie,” titled Dawn, will be 
available soon from Trident Miniatures: PC Box 567, 
Stone Mountain, GA 30086, f: 404.469.5324.

Pure Breathing

AIR and HELIOX
SAFE • RELIABLE • OIL-FREE

• To 5000 psi -1 to 100 scfm • Oil-Free design • No lube oil contamination
• Proven continuous • Used in industry and

operation at pres- and the military for
sures to 5000 psi for over 40 years
and above • Made in USA

RIX INDUSTRIES
High Pressure Air & Gas Brochure available

COMPRESSORS
6460 Hollis St. ♦ Oakland CA 94608 ♦ 510-658-5275 ♦ FAX 510-428-9102

oxygen compatible
Oxygen is an essential element in 

today's high tech diving business. That's 
why oxygen safety is so important.

The simple fact is that lubricants are 
the most vulnerable and easily ignited 
component in any high pressure gas sys
tem. Fortunately it's one problem that's 
easily corrected. That's why a growing 
number of professionals are switching to 
CHRISTOLUBE O2 Lubricant.

Like its mil-spec counterpart, CHRIS

TOLUBE is a non-toxic, oxygen compati
ble lubricant that's designed specifically 
for scuba applications. A perfluorinated 
polyether, CHRISTOLUBE is less corrosive 
than chlorofluorocarbons making it com
patible with plastics, rubber and elas
tomers and it provides optimal lubrica
tion even when cold.

Oxygen handling always involves risk. 
Our goal is to help you reduce it.

Lubrication Technology Inc. 
310 Morton St.
Jackson, OH 45640
p: 614-286-2644 
f: 614-286-3975

l t i
Inside Information: UnderWater Tech

Keep informed on developments 
in commercial underwater technol­
ogy with Underwater Tech a 
new international digest of current 
issues for end users published by 
founding editor of Underwater 
magazine, Cavett Hughes, 
Houston, TX. Targeted to industry 
insiders as well as end users, 
Underwater Tech covers news 
and developments in the underwa­
ter industry while reviewing the lat­
est trends in commercial underwa­

ter products and services, from 
wet welding to telerobotics. Note 
that Underwater Tech is one of 
the sponsors for the 1994 tek 
conference and will be hosting 
sessions for commercial diving 
participants.

For more information contact: 
Cavett Hughes, UT, 9449 Briar 
Forest, Suite 3109, Houston, TX 
77063-1738, p: (713)780-4380, 
f: (713)780-4172.
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“Computers are useless. They can 
only give you answers.” 
Pablo Picasso

vendor 
index
• American Nitrox Divers lnc.~ ........
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• Professional Scuba Association- ... ....... 29
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Working your way 
to the top?

Plug into aquaCorps.
The tool for a new generation.

The only book of its kind 
The Field Guide for the Diver-Medic 
is used by commercial, military and NOAA diver- 
medics the world over. Practical guidance and clear 
explanations on illnesses, injuries and diving 
accident management make it a proven resource 
for the man on the spot.
• Eighteen chapters and four appendices
• Thirty-five figures and ten treatment tables
Write for brochure or send $51.00 (US funds only) 
in North America or $54.50 to ship elsewhere to:

Coastal Aquatics Publications 
Dept. AB 
8807 Wildridge Dr.
Austin, TX 78759 USA

Ocean Odyssey
DIVE CENTRE

West Coast 
Technical Headquarters

2345 S. Rodeo Gulch Road 
Santa Cruz, CA 95062

EXCEPTIONAL EXPOSURES™
• Deep Air/O2 Decompression
• Enriched Air EANx
• Trimix
• Consultant Services

Equipment
• Full Retail, Repair, Rental
• Specialty - Cave, Deep, Video
• Air & Gas Station
• Portable EANx System

Charter Aboard Xanadu
• Private Coastal Exploration
• Technical Surface Support 

Vessel for Deep air/Trimix
• Research/Photo Excursions

Captain "Wings"

408-475-DIVE Fax 408-475-3526



Beyond 

The  
EDGE

The Classic: Introduced in 
1983, The EDGE dive com­
puter along with its patent­
ed "tissue compartment 
graphics" display launched 
a revolution in dive com­
puting.

The Marathon is a highly 
reliable low cost computer 
designed for 'no-stop' diving 
offering user-changeable 
batteries and an enlarged 
information display.

Having
 launched a 

revolution in
1983 uuith the 
introduction of the 
EDGE dive comput­
er, OREA hos been 
quietly beating a 
path to the future 
for over a decode.

In fact, OREA 
has been at the 
forefront of 

every major inno­
vation in dive 
computing technol­
ogy and that's just 
the beginning. 
User-friendly 
graphics that ore 
easy to read in all 
light conditions. 
Ascent and ceiling 
alarms. Integrated

Configurable for either Air 
or Nitrox, the Phoenix 
offers EAN32 compatibility, 
integrated gas supply 
monitoring and look 
ahead, and extended data 
logging capability.

The ORCA Dive Profiler 
lets you download and 
analyze dive profile data 
in a Windows environment. 
Future versions will include 
a decompression simula­
tor. Desktop decompres­
sion anyone?

gas supply infor­
mation. Nitrox com­
puting. And the 
ability to down­
load and analyze 
dive profile data. 
All with the 
doppler-tested 
field proven OREA 
algorithm—"what 
works works. ”

Y ou don't have 
to be a rock-
et scientist to 

appreciate OREA 
computers or to 
dive the EDGE.

OREA hos the 
technology to 
meet your 
computing needs.

OCRA
Division of E I T

The Dive Computing Company

45625 Willow Pond Plaza
Sterling, VA 22164 

(703)478-0333 
Fox: (703) 478-0815

"You Don't Have 
To Re ft Rocket 
Scientist" T-shirts 
ore available from 
your ORCA dealer.



DON'T MAKE THE JUMP WITHOUT US

If you’re diving beyond the 'no-stop range' you 

need to consider Dive Rite. From the edge of the reef to 

the edge of the envelope, Dive Rite’s downward

compatible systems will take you as far as 

you want to go.

Fly our modular ‘Wings’ buoyancy and 

harness system that’s expandable from a 

single tank configuration all the way down to 

quads. Ready for some trim maintenance? Clip on. Or 

flip on our kelvin-rich lighting system designed to illumi

nate those places where the sun doesn’t shine. And for

‘reel-time’ navigation there’s Dive Rite’s complete line of 

application-specific spools.

Over the years, Dive Rite equipment has proven 

itself in some of the most demanding envi

ronments on the planet. And to some of 

the most demanding divers. Which is why 

you’ll find it in action today on the hottest 

jumps around; like Andros, Diepolder, Monte, 

Wakulla, the Monitor, Doria, Ostfriesland, ‘U—Who’ and 

the Barre. Name dropper. Equipment by Dive Rite. 

When you're ready for the jump call 1-904-752-1087.

Equipment by Dive Rite. The choice of todays hyperbaric intelligentsia.
In Europe call 44(753) 841-686, in Canada 905-985-0547. Or contact us at: Route 1, Box 136, Lake City, FL 32055. Fax: (904) 755-0613. 
Photo by Rod Farb. Divers peering into the ‘never-before-seen’ interior of the USSMonitor rear engine compartment. Farb Expedition.



Plug In PO Box 4243, Key West, FL. 33041 ph: 305-294-3540 fax: 305-293-0729 1-800-365-2655

aquaCorps
Yes, I'm ready for the exposure. Plug me in.
___  Please start my membership to aquaCorps 
____  Please renew my membership to aquaCorps 
___ Please rush me my 1994 tek Conference tickets 
___  Please send me the items ordered below 
___ Add me to your mailing/directory listing 
____  Name/address correction.
Check or international money order enclosed. 
Amount:_________

Name______________________________________
Company name _____________________________

Street Address_______________________________
City/State/Zip _______________________________

Country____________________________________
Phone/fax:_________________________________

Qt. Item Price

—
aquaCorps membership: Includes four volumes of aquaCorps 
Journal, the tek.Guide directory, special membership reports and 
discounts. Circle number of years desired.

. Add $18 per year for international air postage.

One Yr: $49 
Two Yrs: $90 
Three Yrs: $120
Life: $350

—. aquaCorps Journal N6, "BENT" w/ Special tek.GUIDE Resource Directory. $15 ea. ($3 p&h)

technicalDIVER 3.2, "Safety First," including an analysis of 1992 
 'technical-level' accidents.

$5.95 ($2 s&h)

1994 tek Conference (9-11JAN94, New Orleans USA):

Hotel: Call The Mariott at 504-581-1000 for special tek rates. Airlines: Call 1-800-872-8208 
tek Exhibits: Contact The Tech Reps 1.800.926.8045 f: 407.288.0220

Conference Package: Includes Sunday night cocktail party, all confer
ence sessions, tracks and exhibits. Does not include lunch or evening 
show. Registrants receive a free one year subscription to Scuba Times and 

____  Underwater Tech magazines.

Special $99 adv. registration 
expires 31 AUG. $150 at the 
door/ members $125.

tek Banquet Lunch (Tues. 10JAN94).
____ Key Note speaker (to be announced) plus full banquet lunch.

$25 Limited seating

Evening Show: "A Virtual Evening" focusing on the latest 
------- underwater computing and imaging technologies.

$15

One Day Conference Pass: Includes all conference sessions, Specify day;
____  tracks and exhibits for single day. Does not include lunch. Sunday, Monday, Tuesday. 

$65

"Talk tek to me" (video):
Insiders Speak Out On The Technical 
Diving Revolution" (Video). Industry 
interviews conducted at the tek.93 
Conference along with technical diving 
footage.
What's going down.
$24.95 each. S&H: $4 US
$6 Int'l. Add $5 for PAL/SECAM
Quantity_________
US compatible NTSC O
PAL compatible O
SECAM compatible O

the right stuff: 
aquaCorps Accomplished Diver Pin. 
Created by Paul Norden— see a/c J6, pg. 
32 for details (allow 4-6 weeks): $25 
$2 s &h Intl $3 
Quantity________
1994 tek T-Shirt: "Beaming down" 
(allow 4-6 weeks for delivery): $15 
$3 s&h Inti: $5
Quantity________  Size________
1993 tek T-Shirt: "I love it when yon talk 
tek to me" (allow 4-6 weeks) $15
$3 s&h Intl: $5
Quantity________  Size_________

tek.GUIDE directory:
_____Vendor (specify products/services):

Facility:
_____ EAN______Special Mix
_____ Technical training.
Instructor:
____ Enriched Air Nitrox
____ Trimix/heliox
____ Deep diving
____ Cavern & cave
____ Ice_____
Instructor trainer____
Other:________________________

FOR CREDIT CARD ORDERS CALL 301-571-1817 OR FAX 301-571-1815



Talk tek to me
THE VIDEO

FIND OUT 
what insiders 
are saying 
about the 
technical 
diving 
revolution 
for less than 
the cost of a 
trimix fill...

Whether your a manufac
turer, dive store owner, 
dive operator or are just 
interested in the exposure, 
Talk tek to me, will bring 
you up to date on the revo
lution in self-contained div
ing and how it could effect 
your operation. Tune in. 
Turn on. And find out.

• Where is the market headed?

• Is mix the wave of the future?

• What about liability?

• Do I need a portable chamber?

• Are there standards?

• When will ‘low cost’ closed 
circuit be available?

$2495TO ORDER SEND: 

plus $4.00 p&h ($6 Int’l) to: 
(add $5 (US) for PAL/SECAM)

aquaCorps
PO Box 4243,
Key West, FL 33041.
f: 305.293.0729
A Roller U/W Production

Expiration Notice
If an "X" appears by your address label below and you wish to continue to receive the 
aquaCorps Journal and other membership benefits please complete and mail the form on the 
reverse side of this cover. Also use the form if you are a technical diving vendor, facility or 
instructor and wish to be included in the tek.GUIDE directory. See Reverse side for details.

Address Correction Requested 
aquaCorps 
PO Box 4243,
Key West, FL 33041

Bulk Rate 
US POSTAGE
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MailingService

X


