
In January 1990, I launched the first edition of aquaCORPS 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 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.  

In less than two years, the moniker “technical diving,” which I 
coined to distinguish tech from recreational diving stuck, and 
tech diving along with the needed infrastructure to support it 
began to take off. Meanwhile 
aquaCORPS: The Journal for Technical 
Diving,” continued to grow in size and 

readership. WIRED magazine described 
it as, “The Sea Geek’s bible; part wish list, part chemistry 
book, part looking glass.”  

Now on the 30th anniversary of its launch, I am excited and 
proud to bring you the first digital release of the original 
magazines beginning with aquaCORPS #4, MIX on mixed gas 
technology. The text is completely searchable. We 
recommend that you use Adobe Reader for best results. 

I want to thank my illustrious, forward-thinking sponsors, all of which are pioneers in 
their own right, for making this possible. You will find their banners in the inside 
covers of this originally black & white digital edition.  

In the coming year, I will be progressively releasing all the additional digital back 
issues of aquaCORPS.  Stay tuned at www.aquaCORPS.online
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"The best way to predict the future is 
to invent it. This is the century to be 

pro-active about the future."
Alan C. Kay, Stanford Computer Forum, 1987

W arning: Technical diving is a 
potentially dangerous activity that 
requires special training, equipment 
and skills. Safety is the first priority. 
aquaCorps is intended to provide 
information and is not a substitute for 
proper training. We accept no liability 
for the diving practices of our 
readers, nor do the authors whose 
materials are represented here.
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We would like to thank aquaCORPS and the 
many forerunners of our community for their 
inspiring role over more than 30 years.

BE A PART OF HISTORY 
IN THE MAKING

HAPPY ANNIVERSARY aquaCORPS !
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Is The Market 
Ready For Mix?
"The best way to predict the future is to 
invent it. This is the century to be pro
active about the future."

Alan C. Kay,
Stanford Computer Forum 1987

There was a time not long ago, 
that "AIR” was rarely thought of as 
a gas in sport diving 
circles, much less a 
technology. Like the 
old adage regarding 
a fish's description 
of water, "AIR" was 
sim ply  w h a t we 
breathed and diving 
was no exception. 
Now it seems th a t 
the whole concept 
of "air technology"- 
—a single gas to 
h an d le  a ll ex p o 
sures—may be out
m oded before m ost of us knew 
enough to call it n itrox. W hat’s 
going on?

The se lf-con ta ined  diving 
m arke t is in the  m idst of a 
technological revolution th a t is 
changing the way we think about 
diving. Sim ilar to the PC in the 
world of computing, technologies 
an d  m ethods once lim ited  to 
com m ercial an d  m ilita ry  use 
including; special m ixed gases, 
m ore re liab le  decom pression  
methods, diver propulsion vehicles, 
com m unications, closed circuit 
systems and more, are now being 
rescaled and applied to sport and 
special interest diving, driven by the 
need for increased  safety  an d  
performance.
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Until recently, this community 
was viewed largely  as a single, 
hom ogeneous group know n as 
"recreational divers." Now a more 
sophisticated view is emerging. To 
borrow  several term s from  the  
computer industry, the consumer 
diving market is in fact made up of 
m any different user groups, each 
w ith it's  own specific diving 
environment and applications, and a 
need for appropriate tools. That's 

what makes the 
t e c h n i c a l  
r e v o l u t i o n  
p o ten tia lly  so 
profound.

If the bene
fits of these 
t e c h n o lo g ie s  
were limited to 
a few iso la ted  
"high tech" 
divers, th e ir  
im pact would 
be re la tive ly  
m inor. Instead

the tools, methods and disciplines 
that are being pioneered today, are 
ap p licab le  to a wide ran g e  of 
d iving, from  rec rea tio n  to 
p ro fessional, an d  hold  g rea t 
promise for improving diver safety. 
The resu lt is a s ig n ifican t 
opportunity for growth, and with it 
the  need for cau tio n  an d  
responsibility.

Conceived in the early 1900's, 
an d  developed an d  used in 
industrial and military operations 
over the  la s t fifty years, m ix 
technology offers the capability of 
reliably supporting divers to depths 
beyond 2000 fsw. At the same time, 
if used improperly or irresponsibly, 
it can be deadly. And that is cause 
for great concern. Though mix has

 

 

 

 

 



been a long proven s ta n d a rd  
among it's industrial and military 
co u n te rp a rts , the  sport diving 
in d u stry  has found challenge  
enough in teaching divers not to 
"run out of air" let alone to manage 
alternative breathing mixtures. Mix 
technology may be ready for the 
market; the real question is, "Is the 
market ready for mix?"

Like the personal computer of 
ten years ago, special mix is being 
successfully utilized today by only a 
small number of experienced divers 
representing the vanguard of the 
field. We still have a long way to go 
before th is  techno logy  can  be 
reliably employed by the masses. 
Safety is the  p rim ary  concern . 
T raining an d  educa tion , in fo r
m ation , an d  a consisten t set of 
opera tin g  guidelines are  sorely 
needed a t bo th  in d u stry  an d  
consumer levels, and there is a good 
deal of supporting infrastructure 
that is simply not in place.

With foresight, work, and  the 
willingness to tackle the many hard 
issues that remain, mix technology 
like the PC, will become accessible, 
re liab le  and  easy to use, to the 
benefit of divers at all levels; if kept 
in the closet or ignored, it will surely 
become a source of harm.

Now is a time for the industry to 
pull together, and chart a path for 
the future as we transition  from 
"fixed mix" to a multi-mix diving 
environm ent By being pro-active, 
we stand to usher in a new era of 
diving rivaling th a t in itia ted  by 
open circuit scuba nearly 50 years 
ago, and in doing so, make it a 
safer an d  richer activ ity  for 
generations of divers to come.

T hat's  w h a t th is  issue of 
aquaCorps is all about. —M^
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Thank you for your interest, letters, and 
support. Your comments and feedback are 
extremely important to us. M2

Intelligent Life Forms
I am not an active diver anymore for all sorts 
of reasons, but I did do some cave diving in 
my younger days and some strange things 
called PPLI in my early deep professional 
career back in the sixties (PPLI is a French 
acronym for “Light Deep Intervention Dives” 
involving scuba-based heliox dives to 300 
fsw plus).
From what I have read of your journal, I 
admire and appreciate what you are doing. 
There has to be some intelligent 
nonprofessional divers who are serious 
about the sport and are willing and capable 
of doing it safely outside the “safe rules” 
intended for the masses. Your articles on 
the buddy system confirms that you are 
prepared to reexamine concepts which have 
been taken for granted for so long, and 
reassess them in the light of experience. 
George Arnoux
Diving Safety Offier
Com ex U.K. LTD

Continued Education
It’s about time someone has come out with 
a publication that’s not afraid to discuss the 
proper ways advanced diving can be done 
safely. Proper training is the only answer.

I have seen a large number of divers in the 
Florida area continue to follow unsafe 
practices, probably because they are 
unaware of the dangers that they are placing 
themselves into by entering caves, caverns 
or deep diving with improper equipment and 
gas supplies. Continued education is the 
only safe way to dive at any level, basic or 
advanced.
Curt Bowen
Sarasota County Fire 
Fescue Dept 
Bradenton, Florida

Fellow Tekkie
Please accept my encouragement for the 
pioneering step you are taking to "boldly go 
where no publisher has gone before". As 
you correctly point out, divers DO exceed the 
recreational limits and a journal such as 
yours can only help to make this facet of 
diving safer and by extension, more 
enjoyable.
Derek P. Montague
Parkes ACT, Australia

Bellwether
I’m a fairly cautious diver (There are old 

0 divers and bold divers, but no old bold 
§ divers! ), so I read DEEP with a mounting 
=5 sense of horror (scream marks heavily 
g justified). Why? Just consider what you are 
p  doing.
S You start off with a relatively dangerous 
| piece of equipment designed by Murphy and 
g built in his workshop; the demand valve.

When it fails, and it will, the failure will occur 
the moment after you’ve exhaled. Maximum 
panic. To compensate for this eventuality, 
we give the chap another. In addition, 
because open-circuit systems are inefficient, 
we load him or her up with multiple bulky 
gas cylinders stuffed to bursting, most of 
which is merely there to make up the 
volume required to breath at 7-15 
atmospheres. Finally, because the diver is 
going far from home out into a hostile 
environment where failure of any part of his 
or her equipment or psychology is potentially 
fatal within seconds, we encumber him with 
a stiff suit and a battery of devices and 
instruments until he resembles the larva of 
a caddis fly— not a bit like the seal he 
emulate or wishes to. Then away he or she 
goes deep into the soup along with one or 
more buddies so that there’s an increased 
chance that if bad luck doesn’t get him 
directly then one of his buddies will. 
Contrast this with another approach. The 
diver slips away dressed in a much more 
flexible lightweight suit, because inspite of 
much longer bottom times, he or she is not 
exposed to the cold water for as long. He 
has virtually no gear on him, just a simple 
closed circuit set. The only extra gas the 
diver needs to carry is for emergency. No 
extra instruments, unless they are for his 
satisfaction or to do the job since he’s 
diving only a few feet away from his base, 
and is in voice communication with an 

attendant. And not only is my diver nearly as 
free as the seal, but if he needs some 
powerful lift and shift he’s got it at hand. 
Working from a bell is easy, safer, and 
cheaper in terms of dollars per diving 
minute. It can be installed anywhere from 
the surf line to the innermost recesses of 
the deepest cave or wreck and it has 
absolutely no macho-appeal whatever! Rule 
one and only, "the diver shall not be allowed 
beyond the reach of immediate and effective 
assistance," It’s something to consider. 
Mark Terrell 
Kini, Syros, 
Greece

Many people believe that habitat and bell 
technology will eventually be adapted for 
technical diving much as it was for 
commercial diving-a matter of safety and 
economics. Micrbells? Decompression 
stations and closed circuit systems 
represent a first step. A little future pro- 
activity. — a/c

Fair Game
My concerns center on the philosophy that if 
a new technique of diving, e.g. enriched air 
diving, or a new technology, for example dive 
computers, are written about or used in the 
commercial dive industry, they become fair 
game for use by the recreational diver. 
There is an inherent danger in such a 
philosophy because the tools or methods 
will not be thoroughly understood or 
appreciated by the novice user. It can 
therefore be dangerously misused. The 
emphasis must be on “practicality and 
safety.” That can only be achieved through 
education, training and practice.
I agree that there are probably many 
recreational divers with advanced training 
that can engage in diving activities that 
verge on professional, but we must not 
overlook the fact that most professional 
diving is done with a tremendous back-up 
infrastructure including support personnel 
and equipment that is not there for the 
recreational diver. There are also many 
hidden people behind these operations, 
including, the diving medical specialist, the 
diving paramedic, the gas mix specialist, the 
decompression specialist, research facility 
staff, and even the government regulators 
who have written many of the rules 
commercial divers must follow. The whole 
purpose of this infrastructure is the safety of 
the diver, and the need and desire to allow 
him or her to work underwater and return 
safely to the surface.
G.H. Koch, M.D. 
Hyperbaric Dept. 
Toronto Hospital 
Toronto, Canada

Like it's commercial counterpart, technical 
diving has significant surface support 
requirements compared to recreational 
diving and there are many hidden support
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Beyond The Flagroom
by Jim King

L ocation : Brooksville, Florida

D ive Team : Dustin Clesi, Larry 
Green, Jim King, Gordon Watkins 
and Rich Nicolini

Surface Support: Jim Schlesinger

Diepolder #2 is an offset sink 
located on the Boy Scout Ranch in 
Brooksville, Florida. First discovered 
in the 1970's, it has seen limited 
exploration over the last few years. 
Our dives consisted of a series of 
deep special mix exploration dives 
to penetrate the unknown depths 
and extend the limits of the cave 
beyond the Flagroom (360 fsw), first 
discovered by Dale Sweet in 1980 
using open-circuit scuba 
technology. A series of eight dives 
(four two-person teams) were 
completed over two consecutive 
weekends in March, 1991. The team 
layed approximately 700 feet of new 
line.

A combination of some of the 
latest tools available including a 
"habibag" decompression station, 
diver propulsion vehicles (DPV's), 
trimix and custom generated 
decompression schedules enabled us 
to conduct these dives safely. Using 
new methods developed by Dr. Bill 
Hamilton in conjunction with Deep 
Breathing Systems, and with support 
from the Defense and Civil Institute 
of Environmental Medicine (DCIEM), 
it was possible to evaluate -doppler- 
the dives as they were conducted in 
order to validate the decompression 
procedures.

Each team member understood 
stress would be associated with each 
dive due to the extreme depths 
involved, amount of exploration 
required and the total in-water time. 
Therefore, the continuing evalu
ation by DCIEM would be a critical

factor in the overall mission plan. 
There were several major 

constraints associated with these 
dives. After descending to a depth of 
40 feet, divers had to negotiate a 
vertical fissure known as “the Crack" 
that extended to 190 fsw, with an 

DIEPOLDER II: ISSUES

• Restrictions
. Gas Consumption
• Transport
• Decompression Time

HKHItAN&O CO.
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opening no more than 36 inches 
across. As a result, each diver was 
limited by the equipment and gas 
supplies that could be carried 
through the restriction; equipment 
and additional gas supplies had to 
be pre-staged in the cave.

 

 



After reaching the Junction Room, divers switched to additional fresh gas cylinders, mounted their DPV's which had been pre-staged and motored as far as possible toward the main chamber at the 

back of the cave, at a depth approaching 300 fsw. There they parked the DPV's, picked up fresh bottles and began exploration into the downstream pit area "on fin." Narrow restrictions and the depth limitations of the aquaZepp scooters
Diepolder 2(360 ffw for 43 minutes)

Runtime (minutes)

restricted their use beyond the 300 fsw mark.Because of the extreme depths involved and the duration of the dive, gas planning became a major operational consideration in thedives. Consequently, three gas depots were established in the cave prior to the exploration pushes to handle planned gas switches and provide bail-out capability in case of emergencies. |
P ro file : Maximum |depth 365 ffw, with maximum bottom times of43 minute. Total dive time377 minutes (Six hours and17 minutes).
C o n d itio n s: Visibility was 100 foot plus.Temperature: 78 -80 degrees Fahrenheit. No current.
Set C o n fig u r a tio n : Each diver carried double 104's and began his push in the downstream section using double aluminum 80 cf stage bottles. A third diver-carried stage

continued on page 33

How Much Gas?
Gas planning is a critical component 

for most special mix dives, particularly for 
exploration pushes where there’s a Cummulative Gas Consumption!

R untim e (hours:m inutes)

specific “ jo b ” or mission to be 
accomplished. In these cases, passive 
gas planning and management i.e. “ 
turning the dive at thirds" is insufficient, 
and a more “pro-active" approach is 
needed.

Given a planned profile, 
decompression procedure and an 
empirically-derived surface equivalent 
consumption rate, expected gas 
consumption can be easily calculated for 
each planned mix to be used. This 
information can then be used to plan the
number of cylinders that will be needed 
for the mission.Planned consumption can 
later be compared to actual results and 
refined for future dives.

How much gas is required for one of 
today’s exploration runs? The figure above 
shows the gas consumed by a single 
exploration diver at Diepolder #2. Note 
that these figures represent actual 
consumption and do not include planned 
gas reserves, for example a “thirds,” 
which are neccesary for diver safety.

Cover: The decompression habitat 
used at the Wakulla Springs Project, 
1987. The variable-depth habitat was 
capable o f housing six divers and 
could be manually raised by the dive 
team during ascent.
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"Safety is the key 
consideration in diving; it entirely 

controls depth capability."
Imbert, Ciesielski & Fructus 

Safe Deep Sea Diving Using Hydrogen

by Michael Menduno 
and
John T. Crea

w  live in a 

compressed gas 
environment. The 
atmospheric air we breathe 
is a mixture of gases 
composed of about 78% 
nitrogen, 20.9% oxygen, 
0.9% argon, and a balance 
of carbon dioxide and rare 
gases, at a total pressure of 
14.7 psi at sea level, 
conveniently defined as one 
atmosphere, or atm. Of these, 
oxygen is the only gas 
required to sustain human 
life. The other gases 
breathed from the 
atmosphere, or in a diver's 
gas mix, serve as a carrier 
and diluent for oxygen in 
order to maintain it within 
physiological limits defined 
by partial pressures (PO2)1.

Humans function 
optimally at an oxygen 
partial pressure of about 0.2 
atmospheres (atm), and 
without too much CO2. 
Above and below this level, 
oxygen induces a variety of 
physiological effects 
depending on the dose 
(PO2) and exposure 
time.These can range from 
hypoxia (oxygen starvation) 
at partial pressures below 
about 0.14 atm, to whole 
body toxicity and central 
nervous system (CNS) toxicity 
at elevated partial pressures 
greater than 0.5 atm and

Primer
above about 1.2 -1.4 atm 
respectively.

During the limited 
exposures encountered in 
diving, oxygen levels can be 
extended upward, and in 
fact it's beneficial to do so 
because it displaces inert 
gas which is a source of 
problems. For most surface
based dives scuba 
operations, elevating 
oxygen partial pressures to 
about 1.2-1.4 atm seems to 
be ideal and is unlikely to 
induce CNS toxicity, 
though PO2s are sometimes 
extended to as high as 1.6 
atm and above for limited 
duration dives and during 
decompression, when the 
diver is at rest. Whole body 
toxicity resulting from very 
long exposures at PO2s 
above 0.5 atm is rarely an 
issue on most technical 
dives, but becomes critical 
during the lengthy 
exposures encountered in 

saturation diving. In this 
case, oxygen levels (PO2) 
are usually maintained near 
or below 0.5 atm.

Carbon dioxide 
(CO2) production, which 
serves to regulate 
respiration, also plays an 
important role in diving 
physiology. CO2 can be 
toxic at elevated pressures 
and is believed to "interact" 
with both oxygen and 
nitrogen increasing the 
diver's susceptibility to 
oxygen toxicity and 
narcosis.

Even though 
oxygen is the most vital gas 
physiologically, inert gas is 
important to any discussion 
about diving as it is the 
source of decompression 
and other physiological 
problems. With the 
important exception of 
helium and also neon, 
other inert gases such as 
nitrogen and sometimes 

hydrogen, used to dilute 
oxygen levels in diving 
mixtures, act as a narcotic 
at elevated partial pressures. 
Though this narcotic 
property is generally highly 
undesirable from a diving 
perspective, it can 
sometimes be used to 
advantage in dealing with 
another problem 
encountered by deep sea 
divers; the effects of rapid 
increases of hydrostatic 
pressure to about 600 - 800 
fsw and beyond, referred to 
as High Pressure Nervous 
Syndrome (HPNS) and 
usually characterized by 
tremors.

Diving gases have 
thermal consequences as 
well and can also effect 
vocal communications. All 
of these effects must be 
taken into account when 
considering the use of 
diving gases. A summary of 
the diluent gases that are 
used in diving is shown in 
Table 1. (pg. 71) along with 
their physiological 
properties.

The Problem With 
Air
As a diving gas, air has 
several real limitations from 
a safety and performance 
perspective. For shallow 
water dives in the 30-130 
fsw range, the high 
nitrogen levels found in air 
result in excessive 
decompressions (and short 
no-stop times); the oxygen 
levels being far below 
optimal.

7 aquaCorps Journal

 
 

 
 

 



Conversely, for 
deep dives beyond about 
190- 220 fsw, the partial 
pressure of oxygen becomes 
excessive, increasing the 
likelihood of a CNS toxicity 
hit. However, the most 
immediate problem is 
usually narcosis. Nitrogen, 
the primary diluent gas in 
air, becomes increasingly 
narcotic beyond 100 fsw (a 
partial pressure of nitrogen 
of about 3 atm and greater), 
impairing the divers ability 
to perform and respond. 
Density is also an issue on 
deep dives; air is difficult to 
breathe at depth and can 
effect equipment 
performance. In the 
midrange, from about 130 
to 190 fsw, oxygen levels 
found in compressed air are 
close to optimal, and the 
narcosis is manageable with 
experience. In practice this 
is a workable range for air, 
though it is sometimes 
deeper for extended short 
duration dives.

As a result of these 
limitations, air is generally 
considered to be inefficient 
as a diving gas for most 
applications, except from 
an availability and cost 
standpoint.

Special M ix T echnology
Conceived in the 

early 1900's and gradually 
applied to the problems of 
underwater breathing, the 
use of custom or special mix 
diving gases—mix 
technology—was developed 
to overcome the inherent 
problems and limitations 
associated with diving 
compressed air.

The fundamental idea 
behind mix technology is to 
improve safety and 
performance by optimizing a 
diver's breathing gas during 
various phases of the dive. 
This is best done by treating 
the dive in two distinct 
phases; the descent and 
working phase and 
decompression. Each has it's 
own set of issues and 
objectives.

The important issue 
during the working phase of 
the dive is to insure that the 
diver maintains a safe, 
sustainable level of oxygen 

based on the exposure, and 
that undesirable inert gas 
effects, such as nitrogen 
narcosis and unnecessary 
decompression, are 
minimized. On deep dives,

Enriched Air Diving
(70 fsw, No Stop)

reducing breathing gas 
density is also important as 
it improves the ability to 
ventilate the lungs, 
facilitating CO2 removal 
thus allowing increased 
work capacity. These 
objectives are accomplished 
by setting reliable oxygen 

levels based on the planned 
working depth, and 
selecting an appropriate 
inert gas to serve as a 
diluent, for example, 
substituting helium for all 

or a portion of the nitrogen 
found in air on deep dives 
to reduce or eliminate the 
effects of nitrogen narcosis, 
and to reduce gas density 
(see Table 1.).

During 
decompression, which 
generally represents the 

longest phase of many 
technical dives, the 
objective is to maximize 
oxygen levels subject to 
reliable limits; oxygen 
management is the key to 
reliable decompression. In 
addition, inert gas switches 
are also used to facilitate 
off-gassing and minimize 
additional gas loading 
during decompression. In 
open-circuit scuba 2, this is 
accomplished by switching 
mixes (usually by switching 
cylinders) during 
decompression according to 
a predetermined plan, 
normally included as a part 
of the decompression 
schedule. The types of gas 
used and number of 
switches depend on the 
specific exposure and 
operation.

In the case of a 
simple dive, for example a 
open water no-stop dive to 
70 fsw, a single enriched air 
mix such as an EAN 36 
(36% oxygen, balance 
nitrogen) might be used as 
the diving gas for both the 
working and decompression 
phases of the dive (in this 
case a controlled ascent and 
safety stop). Longer 
decompression dives might 
involve a single bottom mix 
such as air or enriched air 
supplemented with oxygen 
for decompression. For deep 
operations, multiple mixes 
are used, including a 
helium-based bottom mix 
and intermediate or 
decompression mixes 
(typically nitrox), before 
switching to pure oxygen at 
20 fsw. This necessitates 
carrying and/or staging 
multiple cylinders, called 
stage bottles, in addition to 
the diver's set, containing 
the appropriate mixes. 
Staging is a matter of 
operations and depends on 
the specific environment 
and exposure.

D ecom pression M anage
m en t Tools and  DPVs

Though air tables 
and dive computers can 
sometimes be used directly 
for special mix diving, for 
example; breathing 
enriched air while following 
an air-based DC or table as a
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safety hedge, most mix 
dives require special 
application tables. However, 
in the case of enriched air, 
an equivalent air depth (EAD) 
can be calculated making it 
possible to use standard air 
tables (see technically 
speaking).

Because most 
shallow water (30 -100 fsw) 
sport applications tend to 
be multilevel, the prospect 
of being limited to using 
EAD tables when diving 
enriched air can represent 
some disadvantage.

However, a number 
of EAN-compatible dive 
computers (DCs) are 
currently in development 
and will be available soon.

In addition, because 
of the number of cylinders 
that must sometimes be 
carried by the diver using 
open circuit scuba, diver 
propulsion vehicles (DPVs) 
are becoming increasingly 
important for transport in 
long and deep diving 
applications and offer a 
tremendous advantage in 
range and reduce diver 
workload.

A natom y Of A Special 
M ix Dive

Figures 1. and 2. 
span the range of today's 
special mix applications 
representing the simplest 
and one of the more 
involved type of mix 
diving.

Enriched Air
Figure 1. illustrates 

a series of no-stop dive 
profiles to 70 fsw utilizing 
two different enriched air 
mixes compared to a similar 
dive on air. These profiles 
were calculated using the 
DCIEM tables and an EAD 
calculation method. A five 
minute safety stop at 15 fsw 
is included on all profiles. 
The strategy here is to 
reduce nitrogen uptake 
which is the source of air 
decompression problems, 
by substituting oxygen 
which is consumed 
metabolically by the body. 
As shown, no-stop times 
can be greatly increased 
over air by using EAN 36 
(36% oxygen, balance 

nitrogen), sometimes 
referred to as NOAA Nitrox 
II, yielding 75 minutes 
versus 40 minutes. However 
the maximum PO2 on the 
dive is only 1.1 atm at it's 
maximum depth of 70 fsw 
which is below optimal 
levels (PO2 = ambient 
pressure (3.12 atm) x the 
oxygen fraction, FO2, of.36 
= 1.1 atm). By increasing 
the maximum PO2 to 1.4 
atm, which represents a 
reliable and sustainable 
oxygen level for most sport 
dives, in this case by using 
an EAN 45, no-stop times 
can be increased to 175 
minutes, a dramatic 
improvement.

The example also 
highlights two of the 
operational issues involved 
in enriched air diving; 
operating range and gas 
supply. All breathing mixes, 
including enriched air (and 
air as well!) have a 
maximum "reliable" 
operating depth, or MOD 
from an oxygen toxicity 
standpoint, which must be 
respected by the diver(see 
technically speaking for 
calculations). In the case of 
enriched air, these MODs 
can be quite shallow; for 
example 95 fsw for EAN 36, 
and 70 fsw for EAN 45 at a 
PO2 of 1.4 atm (see 
technically speaking for 
calculations).

Also, as seen above, 
in the case of shallow water 
dives, the diver is far less 
limited by no-stop 
(decompression) times. 
Consequently, gas 
management becomes all 
the more important. From a 
mix perspective, 
decompression dives using 
enriched air, with or 
without oxygen, are only 
slightly more complicated.

T rim ix
Figure 2 (pg 32) 

profiles a typical trimix dive 
(an oxygen-helium-nitrogen 
mixture) to 250 fsw for 30 
minutes showing the 
planned diving gases used 
during the working and 
decompression phases of 
the dive. The 
decompression procedures 
and calculations are based 

on the Haldane-Workman- 
Schreiner model using 
Matrix 11F6 (Hamilton 
Research DCAP 
computational 
program).The diving gases 
used are discussed below.

Travel m ix  is 
sometimes breathed during 
descent on specific 
operations to provide 
decompression advantages 
(minimize inert gas loading 
during descent) and/or to 
avoid problems of hypoxia 
(too little oxygen; less than 
about 0.14 atm) near or at 
the surface when using a 
bottom mix with a low 
oxygen fraction (FO2). 
Travel mix is not used in 
the profile shown below.

B ottom  mix, in 
this case trimix, is breathed 
during the working and 
usually deepest portion of 
the dive. Both the oxygen 
and helium content 
(fractions) are 
predetermined based on the 
planned working depth and 
environmental specifics of 
the dive eg. physical 
overhead, open water etc. 
For the profile shown in 

Atm revisited
An atm, or atmosphere, is a unit for measuring pressure, 
that is used a great deal by technical divers. The total 
atmospheric pressure at sea level is defined as 1 
atmosphere (atm), also called an “ata”, an atmosphere 
absolute. At sea level, the fraction of oxygen in air is 
0.21or 21%, so the partial pressure of oxygen, PO2 (total 
pressure x gas fraction = gas partial pressure) is 0.21atm. 
1 atm = 1.013 bars (another common unit of pressure). 
For physiological purposes atms and bars are more or 
less interchangeable. Another pressure unit with great 
utility is the kilopascal, a metric unit denoted kPa. A kPa 
is 1/100 of a bar— very close to 1/100 atm. In time most 
physiological pressures will be defined in kPa. Some other 
common pressure units are as follows

1 atm = 14.7 Psig (Pounds per sq. in. guage)
1 fsw = 1/33 atm (feet of seawater)
1 ffw = 1/34 atm (feet of fresh water)
1 msw = 1/10 bar (meters of seawater)
1 msw = 3.2568 fsw
1 kPa = 1/100 bar

Fig.2, a trimix 17/50 (17% 
oxygen, 50% He, balance 
N2) is used. The oxygen 
fraction is set at 17% to 
insure an oxygen partial 
pressure of 1.45 atm at 250 
fsw, the deepest portion of 
the dive. The mix was set 
with 50% helium to create 
an equivalent narcosis depth 
(END) of 85 fsw (see 
technically speaking for 
calculations —ed). ENDs are 
commonly set at depths 
ranging from 75 feet to as 
high as 200 or more, 
depending on the dive and 
what needs to be 
accomplished.

For very deep dives, 
typically beyond about 800 
fsw, High Pressure Nervous 
Syndrome, HPNS, associated 
with oxygen-helium 
(heliox) mixtures, becomes 
a critical limiting factor, 
though with the rapid 
ascent rates used in 
technical (self-contained) 
diving, this phenomenon 
may occurr at depths as 
shallow as 400 to 500 fsw. 
One way to reduce HPNS is

continued on page 32
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D
 During the past year there 

has been substantial 
discussion in the high tech 
community concerning the 
use of mixed gas to deal 
with the problems 
associated with deep 
diving on compressed air, 
particularly that of 

narcosis. The fact is, compressed air is a mixed
gas, specifically a nitrox mixture consisting of 
roughly 21% oxygen, so some intial 
nomenclature is in order.
Nitrox mixtures are composed of a binary 
combination of oxygen and nitrogen. When the 
oxygen content is greater than that found in air, 
the mix is referred to as “enriched air nitrox”, or 
simply, enriched air (EAN). Mixtures with a 
lower oxygen content than found in air, used in 
saturation diving, are referred to simply as 
nitrox, though “nartrox” may be more 
appropriate since these mixtures lead to 
enhanced narcosis. At the opposite end of the 
narcotic spectrum are such binary gases as 
heliox (oxygen-helium), hydrox (oxygen

asking today is, “Why use heliox at all?” The 
answer is simple: the complete elimination of 
narcosis.
When conducting scientific or exploration work 
at substantial depth, there is a high premium on 
staying frosty, both because of the inherent 
risks associated with deep diving and the fact 
that divers are generally operating under a very 
tight time constraint in which to accomplish the 
maximum amount of productive work. Under 
these conditions any psychomotor impairment is 
undesireable. There is a further advantage in 
that heliox is less dense and therefore leads to 
reduced breathing resistance and the 
associated CO2 build-up.
Though the issue, “to be, or not to be narced,” \s 
fairly straight forward, many between-the-lines 
questions still surround the use of heliox and 
trim ix. Some of these gray areas include 
thermal considerations, decompression 
requirements, the issue of acceptable narcosis 
level, availabiltiy, access and cost.

Heat Loss
The issue of thermal considerations arises from

The Case For Heliox: A Matter
Of Narcosis And Economics
hydrogen) and neox (oxygen-neon). None of 
these mixes exhibit neurological side effects 
within the depth ranges likely to be visited by 
surface-based technical divers in the near 
future.
Between the two binary gas mix “extremes” of 
nitrox and heliox there is a sliding scale of 
mixtures which contain oxygen, helium and 
nitrogen. These latter blends are known as 
trimix, which as of late have become the darling 
of the high tech community. In view of this state 
of affairs, the question that many people are 

the fact that helium has six times the ability to 
conduct heat than compressed air. Used in the 
wrong fashion, high-content helium mixes can 
push a diver into hypothermia in quick order, but 
not in the way that many people think. It’s 
because of the misconceptions along these 
lines that some still hold the belief that trimix is 
warmer than heliox. Clearing up this confusion 
requires a brief discussion of the 
thermodynamics of heat transport. In the
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underwater environment, heat is drawn away from the 
diver by two primary means; conductive and 
convective heat transfer, though it has not been 
determined exactly how the actions of these two 
physical principles are divided.

Conductive, or radiant heat transfer, is a function of 
the conductivity of the medium surrounding an object 
and the object’s surface area and is the primary 
source of diver heat loss for surface-oriented dives (in 
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the 0 - 600 fsw range). For the diver, conductive heat 
loss occurs through the skin; body heat is ultimately 
radiated away through the thickness of the exposure 
suit and into the surrounding water. The rate of this 
heat loss depends on the conductive heat transfer 
capacity of the medium immediately in conduct with 
the skin. In the case of a wet suit, the surrounding 
medium is water; conductive loss is unaffected by the 
choice of breathing gas. However when wearing a dry 

suit, the immediate surrounding medium is the gas 
used to inflate the suit. This is where the high 
conductive capacity of helium mixes can cause a 
problem. When breathing a high-content helium mix, 
divers should use an auxiliary suit inflation gas to 
avoid rapid heat loss, preferably one with as low a 
heat conductive capacity as possible such as argon or 
carbon dioxide, though the latter can cause skin 
irritation when moisture is present. For that reason 
argon is probably a better choice.With a heat transfer 
capacity of about 50% that of compressed air, argon is 
an attractive inflation gas for cold water as well, 
whether or not mix is used.

The second form of heat transfer is convective and is 
typically a minor component of diver heat loss except 
at very great depth. This latter form of heat loss occurs 
as a result of normal respiration using open circuit 
scuba since each breath that is expelled into the 
surrounding water carries with it heat from the body. 
However the heat removed through the respiratory 
tract is more a function of the heat capacity (density) 
of the gas being breathed than its heat conductivity. A 
good case can be made that because of the greatly 
reduced density (and consequently thermal capacity) 
of helium, convective heat losses for helium mixtures 
are probably less that that for compressed air (and 
other nitrogen mixtures) at any given depth i.e. 
because air has a greater density, it will remove more 
heat when equilibrated.

In practice, heliox does feel cooler to breathe than air 
(a phenomena probably due to radiant heat loss at the 
surface of the lungs) and some divers report it makes 
them colder. However, as discussed above the 
reputed chilling effect of helium mixes is 
misunderstood, and trimix offers no superior thermal 
characteristics over heliox.

Decompression Requirements

Another misconception regarding heliox is that it leads 
to unreasonably long decompression schedules and 
that trim ix can be used to significantly shorten 
decompressions. This belief is based upon the 
common knowledge that nitrogen is absorbed by body 
tissues at a slower rate than helium, and seems to be 
supported by a comparison of decompression times 
from the US Navy Heliox and Extreme Exposure Air 
decompression tables. There are several points to be 
addressed here.

First, it should be noted that both the USN Heliox and 
Extreme Exposure Air tables were generated under 
the assumption that dives are conducted on a single 
(bottom) mix which is used for both the working and 
decompression phases of the dive, though in the case 
of the heliox tables O2 is used for the final phase of 
decompression. As a result, the comparison is a bit 
like matching up apples and oranges.
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I
t has been known for some years that 

decompressions on deep dives can be dramatically 
improved by the selection of decompression 
mixtures with a high oxygen content. Indeed, it is 
now a common field practice in technical circles to 
use pure oxygen at the 20 and 10 fsw stops on most 
deep dives, and based on the development work that 
was carried out at Wakulla in 1987 and subsequent 
projects, many cave and wreck explorers have now begun 

to use enriched air mixtures at substantial depth.

Typically, for missions in the environs of 300 fsw, EAN 32 
is utilized as a decompression gas beginning at 130 fsw, 
and in some cases EAN 30 for slightly deeper 
decompressions, although air (nitrox 21) has been used 
successfully as a safety hedge at stops as deep as 220 
fsw. These mixtures were selected such that the PO2 
levels did not exceed 1.4 - 1.6 atmospheres (atm) during 
decompression. Note that a PO2 of 1.4 atm ris generally 
regarded as the maximum allowable for sustained surface
based diving, though this restriction is relaxed somewhat 
during the decompression phase of the dive in which divers 
are completely at rest. This procedure of using EAN 
mixtures followed by oxygen has become a defacto 
community standard for special mix diving among cave, 
wreck and scientific user groups, and should be factored 
into any comparison between heliox and trimix.

Figure 1 compares the performance of three different 
bottom mixes from a decompression perspective. The 
decompression schedules were generated by the Hamilton 
Research DCAP computational program1 . Each profile 
represents a 20 minute bottom time at a depth of 300 fsw 
for each of three mixes; nitrox -14, a.k.a. nartrox (14% 02, 
balance N2), trimix 14/34 (14% 02, 34% helium, balance 
N2), and heliox-14 (14% 02, balance He)2 . In all cases, it 
is assumed EAN 32 is breathed during decompression, 
from 130 to 70 fsw, compressed air from 60 to 40 fsw, and 
oxygen from 30 fsw through surfacing.

Note that these profiles and decompression procedures 
were dive-tested at Wakulla Springs using heliox 14 with 
bottom times varying from 30 to 80 minutes. No bends 
incidents ocurred over 35 person-dives. The dives were 
conducted using a ‘‘microbell’’ during decompression 
which explains the somewhat unusual procedures. Air was 
used at the 60-40 fsw stops in the bell instead of a higher 
PO2 mix (ex. EAN 50) to give divers a “mask break,” 
reduce their oxygen tolerance units (OTUs) and to purge 
the m icrobell atmosphere. The use of the bell also 
permitted oxygen to be breathed safely at 30 fsw versus 
the recomended 20 fsw limit for in-water decompression. 
The profiles for the other bottom mixes are calculated 
using identical procedures but have not been tested.

As can be seen in Figure 1, the use of nitrox-14 results in a 
total dive time (runtime) of 165 minutes, compared to 174 
minutes for heliox, a 5% reduction (9 minutes) with trimix 
falling in between. Note that in this example the iso-narcotic 
depth of nitrox-14 (or equivalent narcotic depth, END, see

Fig. 1: Decompression profile for a 20 minute bottom 
time to 300 fsw using a) nitrox 14; b) trimix 14/34;

and c) heliox 14

technically speaking ) would be 327 fsw making it highly 
undesirable bottom mix from an operational perspective. 
Figure 2 shows a similar comparison for bottom times of 80 
minutes. In this case a very different scenario appears; 
heliox-14 yields a total dive time of 668 minutes ( 11 hours 
and 8 minutes) versus 818 minutes for nitrox-14, a 
reduction of 18% (a substantial 150 minutes) in favor of 
heliox. Trimix yielded a dive time of 698 minutes. What’s 
going on here?

Fig. 2: Decompression profile for a 80 minute bottom 
time to 300 fsw using a) nitrox 14; b) trimix 14/34;

and c) heliox 14

Note that for both the 20 and 80 minute dive profiles, 
bottom time represents only a small fraction of the total 
runtime (about 10% on average), the majority of the dive 
being taken up by decompression during which identical 
nitrox mixtures are used followed by O2. The conclusion, 
as can be seen in Figure 3, showing the complete range of 
trimix mixes (from 0%He or nitrox to 100% helium, heliox), 
is that for a bottom time of 20 minutes in the 300 fsw range, 
there really is no significant difference in decompression 
between any of the possible bottom mixes3 .
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Fig. 3 Trimix vs. Heliox
Total Decompression Times

% Helium in Gas Mix
Depth = 300 fsw

Fig. 3: Total decompression times for a spectrum of 
gases ranging from nitrox 14 (14% oxygen, balance 
nitrogen) through trimix to heliox 14 (14% oxygen, 
balance helium) for 20 minute and 80 minute bottom 
times at 300 fsw.

Figure 3 indicates however, that there is a definite trend in 
favor of heliox and or a high-percentage helium mix for 
longer (deeper) dives. This may be partly explained by the 
fact that while nitrogen dissolves in tissues at a slower rate 
than helium, it also outgases more slowly; helium, while 
reaching a higher percentage of saturation, offgases at a 
faster rate.

While the use of nitrox mixtures (EAN 32, air) for 
decompression actually accelerates helium offgassing 
through, there is no corresponding acceleration when 
nitrox-14 is used as a bottom mix. As bottom times are 
increased, the heliox ( 0% N2 ) profile eventually cuts 
through the trimix profile leading to an overall reduced dive 
time (decompression time). It may be noted from Fig. 3 that 
the majority of the decrease in decompression time occurs 
by the time that the helium content reaches 50% of the 
bottom mix.

In summary, for short dives in the 300 fsw range, the 
choice of bottom mix appears to have little effect on total 
decompression time3 . On long dives with a bottom time of 
about an hour or more, decompression can be substantially 
reduced by using a bottom mix with a helium content of 
50% or more.

The Cost of Mix

Based on the discussion above, it would appear that trimix 
offers no special advantage over heliox from either a 
thermal or decompression perspective. So why shouldn’t 
everyone use heliox on deep dives? The answer can be 
summarized in one word: cost.

Figure 4 shows the operating cost per hour of open-circuit 
scuba for various bottom mixes as a function of working 
depth. (Note that only helium costs are considered as the 

cost for decompression gas is assumed to be roughly the 
same in all scenarios. For example, an hour long swim at 
300 fsw using heliox-14 as a bottom mix would cost 
approximately $163 for helium costs alone, or nearly three 
times the estimated $64/hour costs of trimix 14/34, which 
would produce the same narcosis level at 300 fsw as diving 
on compressed air at 165 fsw. If Air Products Corp, is 
planning to sponsor your next deep diving project the 
above discussion is irrelevant; use heliox. If not and the 
money for gas is coming out of your own pocket, then you 
can begin to wrestle with the essential trade-off of special 
mix diving; how much narcosis can you afford to eliminate?

Fig. 4 Cost O f Trimix Operations Per Hour 
Open-Circuit Operations

Depth (fsw)

Fig. 4: Open-circuit scuba operating costs per hour as 
a function of the helium content of the mix, given 
commercial gas costs of approximately $75 per K- 
bottle or about $0,008/ liter.

Also note that the above costs assume the diver mixes and 
checks his/her own mix; blending costs are not included.

The Economics of Narcosis

Given a planned working depth and a desired narcosis 
level or equivalent narcosis depth (END), it is a relatively 
straightforward matter to calculate the required helium gas 
fraction in the breathing mix as a function of planned 
working depth and the narcosis level. Substituting this into 
the cost equation used in Figure 4, the operating cost per 
hour of open-circuit scuba can be calculated as a function 
depth and equivalent narcosis depth (END) at the working 
depth of 300 fsw, as shown in Figure 5. The graph 
summarizes the narcosis/cost trade-offs between heliox 
and various trimixes. The trade-off comes down to selecting 
a feasible operating cost and a tolerable narcosis level.

This discussion of operating cost assumes that the dive is 
to be conducted using open-circuit technology. If a fully 
closed-circuit breathing system (rebreather) is used, the 
numbers look very different. With closed-circuit, helium loss 
occurs only when the counterlung vents as a diver 
ascends. If the dive profile is monotonic, that is, there are 
no repetitive descents and ascents prior to surfacing, then
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Fig. 5 Cost Of Mix vs. Equivalent Narcosis 
Depth /  Open-Circuit Operations

Fig. 5: Open-circuit scuba operating costs per hour as 
a function of equivalent narcosis depth (END), the 
depth at which the narcosis level would be the same 
if the dive were conducted on air. An effective 
narcosis level of “-33 “ indicates that there is no 
nitrogen in the mix (i.e. heliox is being used); an 
equivalent narcosis depth of “0” is equivalent to 
breathing air at the surface (1 atm).

the total volume of diluent gas used (generally a single 
inert gas, ex. helium, with a small fraction of oxygen added 
in order to serve as a bail-out at depth) is that required to 
maintain counterlung volume at maximum depth. Given 
that most counterlungs have a capacity of approximately 7 
liters, diluent gas used is roughly 7 liters times working 
pressure in atmospheres, and is independent of bottom 
time(for a discussion of closed-circuit systems see 
Technologically Inspired by Dr. RW Hamilton, aquaCorps 
Journal, Vol.2, pg. 10).

Fig. 6 Cost Of Mix (Heliox) 
Open-Circuit Operations

Depth (fsw)

Factoring in the cost of helium, Figure 6 shows closed- 
circuit operating costs as a function of depth. Note that the 
equivalent narcosis depth, END, is “-33” at all depth ranges 
i.e. there is no nitrogen in the mix. The conclusions that 
can be drawn is obvious; mix costs are inconsequential for 
closed-circuit operations, which offer roughly 100 times the 
efficiency of open-circuit systems. The observation

regarding rebreather costs is worth discussion.

Currently there are two groups in the U.S.; Cis-Lunar 
Development Laboratories, and Carmellan Ltd., preparing 
to market a closed-circuit system in the near future with 
prices in the neighborhood of $10-15,000. Are these costs 
out of reach?

Assume that you expect to be diving in the 300 fsw range, 
not an unreasonable depth considering that many of the 
more advanced wreck and cave explorers are routinely 
working this depth range today. A simple method of 
estimating the equipment costs involved in open-circuit 
scuba is to calculate the gas required for a one hour dive at 
300 fsw, expressed in terms the number of scuba tanks 
required, times an average capital cost per tank of $400 
(which includes regulator, pressure gauge and supporting 
hardware).
assuming 80 cf cylinders are used for the purpose of 
analysis, each containing approximately 2200 liters of gas, 
the open-circuit hardware cost (OCHC) per one hour dive is

Hydrogen Abstract
Safe Deep Sea Diving Using Hydrogen reviews safety 

considerations in hydrogen diving with reference to the 
experimentation of hydrogen-helium-oxygen mixtures 
("hydreliox") at depths to 1,750 ft. in the open sea. Hydrogen 
improves divers' safety and performance at great depths. 
Demonstrated benefits include neurological (alleviation of the 
High Pressure Nervous Syndrome) and respiratory (increased 
breathing comfort) improvements. The combination of both 
these benefits from hydrogen-helium-oxygen mixtures is 
without equal in any other known diving mixture. Other 
benefits in using hydrogen are speculated, such as its potential 
involvement in body metabolism (the concept of biochemical 
decompression) that may contribute to the prevention of 
decompression sickness and to protection from the cold.

Hydrogen mixtures can be safely handled on board diving 
support vessels under extremely strict operational conditions. 
Flammability and explosiveness, characteristics of hydrogen, 
are discussed with reference to hydrocarbon gases or vapors 
that are commonly manipulated in the offshore industry. 
Specific, state-of-the-art equipment for overcoming H2 risks in 
open sea saturation diving are comprehensively described. 
Hydrogen diving may be considered a safe, reliable technique 
for underwater operations at great depth.

Reprinted from Marine Technology Society Journal, Vol. 23 No. 4, 
December, 1989

Imbert G., Ciesielski T. Fructus X. 1989 
December, Safe Deep Sea Diving Using 
Hydrogen. Marine Tech Soc J 23(4) 26-33
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thus: decompression and silence add further to its appeal.

OCHC($) = (VO2 x RMT/VO2 x 60 min/hr)
__2200 liters/tank

x (Dw +33)/33)
x $400/ tank

where:
Dw = working depth in fsw
VO2=1.0 metabolic oxygen consumption in liters/ minute per atm. 
RMT/VO2 = 26 the mean respiratory rate in liters of mix/ minute 
per atm, divided by the metabolic oxygen consumption.
Note that RMT/VO2 is generally taken to be the constant 26, i.e. 
total gas consumption per minute per atm. is approximately 26 
times the metabolic oxygen consumption based on empirical tests.

In summary, the heliox versus trimix debate presently rests 
with the cost trade-offs inherent in the inefficiences of 
open-circuit scuba at depth. Eventually, as C2  technology 
becomes widely available, the debate will come to an end 
and heliox will become the bottom mix of choice for deep 
diving.

Dr. Bill Stone is the chairman and founder of Cis-Lunar
Develop-ment Laboratories which specializes in the design 
of advanced life support systems for undersea and space 
exploration. A cave diver and member of the Explorers 
Club, Dr Stone has organized and led over 26
speleological expeditions over the last twenty years and

Assuming heliox 14 is used on the dive, and that the 
capital costs of a closed-circuit system is $10,000, a 
rebreather will pay for itself in gas cost savings alone 
within:
Breakeven = (SlQxOOO - $4293).

($163-$0.49)
= 35 one hour dives to 300 fsw

Note that the cost and bulk of open-circuit hardware 
needed for such a dive is not inconsequential. Experience 
at Wakulla Springs in 1987 showed that the volume of 
tankage required could only be effectively moved with a 
diver propulsion vehicle (DPV).
A more general form of breakeven analysis is given in 
Figure 7, which shows the number of one hour dives

can be contacted at: Cis- 
Lunar Labs, 7739 
Laytonia Dr., Derwood, 
MD 20855. Fax: 301-975- 
2128 x 6075. For a set of 
formulas used in this 
article contact Cis-Lunar.

Footnotes:

1. The DCAP program ^ 
utilizes the Tonawanda II |  
algorithm with ascen t-§
limited matrix designated

Fig. 7 Cost Vs Open Circit Open- 
Circuit / Dives To Breakeven

Depth (fsw)

Fig. 7: Number of dives to breakeven point, as 
calculated solely on the basis of helium usage cost 
between a closed-circuit (C2 ) system (assumed to 
cost $10,000 per unit) versus presently 
available open-circuit technology.

needed to breakeven as a function of planned working 
depth. This graph indicates that serious sport divers who 
expect to be diving regularly at depths as shallow as 200 
fsw would do well to consider the C2  technology option 
when it becomes generally available. Other substantial 
benefits of rebreathers, such as range-enhancement (a 
virtually  unlim ited gas supply ), compactness (the 
elim ination of open-circuit bulk), near optimal 

11F6, based on the Haldane-Workman-Schreiner model.
Use of a different model might yield different results (see 
footnote 3. below). The exact behavior of different inert 
gases in the body is not well established. The principles 
used here have been validated in several hundred diverse 
exposures, but the basic gas transport physiology is still 
somewhat uncertain.
2. Note that the oxygen fraction for the three bottom mixes 
is set at 14%. This yields the optimal PO2 of 1.4 atm at 
the working depth of 300 fsw (10 atm) i.e. PO2 = 10 atm x 
.14 = 1.4 atm.
3.Note that these results( i.e. the specfic crossover points) 
are dependent on the depth range considered and also the 
specific decompression regime used, though the 
conclusion that the use of heliox yields shorter 
decompressions for long dives (dives greater than 80-100 
minutes) is generally accepted.

For example, at 300 fsw using a decompression regime of 
EAN 32 from 120 fsw, EAN 50 from 70 fsw, and pure 
oxygen from 20 fsw, the deompression associated with 
heliox is significantly longer for a 20 minute bottom time 
and does not show a decompression improvement over 
“nartrox” until after about 100 -125 minutes of bottom time, 
based on Submariner Research Ltd’s modified Buhlmann 
algorithm. Note that specific crossover points can vary 
somewhat with the computational algorithm used to 
generate the schedule but is not the major factor.—Ed
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By Richard Pyle

"Learnin' to fly but I ain't got wings. 
Coming down is the hardest thing."

Tom Petty, Learning To Fly

TJL hough the deep cave and wreck divers have received 
considerable attention in the community, there is another 
class of divers who have also been taking technical diving 
out to the edge and beyond; the deep coral reef explorers. 
Though not formally organized, the deep reef community 
has regularly been making forays into 
reef habitats sometimes in excess 300 
fsw.

The coral reef environment is very 
different from the typical cave and, to 
some extent, wreck environments. 
Consequently, the ideal equipment and 
diving practices for reef diving differ 
from those found in deep cave or wreck 
diving. This article is intended to outline 
my own thoughts and philosophies 
regarding deep coral reef diving, 
especially with respect to a mixed gas set 
design.

The mixed gas set I use for deep reef 
diving differs from the configurations 
commonly used for deep mixed gas cave 
and wreck diving with regard to both 
total volume of gas and equipment 
redundancy. For my primary gas 
sources, I use two independent 
aluminum 100's mounted on a
Hawaiian-style backpack (shoulder hooks instead of 
shoulder straps). The right cylinder is filled with helium 
mix (the exact mixture depends on the particular dive I 
intend to do), and is equipped with a standard K-valve and 
a ScubaPro Mk-X/G250 regulator. The left cylinder is filled 
with EAN 32 (an enriched air mixture with 32% 02, 

balance nitrogen) and is equipped with a "Y"-valve and 
two Poseidon regulators. Nestled between the two 
cylinders is a standard 22 cu. ft. medical oxygen cylinder 
with a scuba adapter and an oxygen-cleaned regulator, 
along with a 30 cu. ft. pony bailout bottle of bottom mix. 
My primary B.C. is a Sea Quest backmounted wing fitted 
with a Scuba Pro A.I.R. II connected to my EAN cylinder. I 
also wear a back-up horse-collar B.C. with an AIR II 
running off my primary helium cylinder.

An important characteristic of this rig is the fact that 
all gases needed to conduct the entire dive, including 
decompression, are carried by the diver. Deep reef dives are 
generally conducted from anchored boats. On a vertical 
drop-off or steep slope (typical deep reef habitats), it is 
usually necessary that the anchor be set near the top of the 

drop, often in fairly shallow water. Strong currents are also 
typical of coral reef habitats, and boat anchors have been 
known to break loose. Even if the anchor holds, sudden 
unpredictable currents may render it impossible for a diver 
to return to the boat immediately (if at all). For these 
reasons, the deep reef diver cannot rely on stage bottles
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attached to the boat or anchor line.
Unfortunately, the drop-offs and 

steep slopes associated with the deep 
reef environment are notoriously 
difficult terrains for leaving stage 
bottles. Negatively buoyant objects 
have a tendency to slide down a drop
off or slope towards the abyss, and 
typically will not stay exactly where 
they are placed. Furthermore, staging 
bottles on the reef during the descent 
requires that the diver ascend along 
the same path. This is frequently 
impractical, and in the event of 
unexpected current shifts, often 
impossible. For that reason, it is 
essential that a diver be entirely self- 
contained. This in turn creates it's 
own problems.

For biologists, like myself, whose 
primary purpose is to collect 
specimens, maneuverability is crucial. 
Although cave and wreck divers 
generally carry double steel 104's or 
120's often filled with close to 250 - 
300 cubic feet of gas, I typically carry 
a mere 130 cubic feet of bottom mix 
of it on my back. Though in some 
circumstances, carrying large capacity 
side mount bottles could be a viable 
alternative, attempts at collecting 
many kinds of fishes while burdened 
with two side-mount cylinders (or 
four back-mounted ones) would likely 
be futile, particularly in the presence 
of strong currents. Furthermore, the 
deep diving scientist is often 
hampered by other equipment such as 
fish-collecting gear and bulky 
underwater cameras. If the rig and 
equipment provides too much drag in 
a current, diver exertion can easily 
exceed acceptable levels. For these 
reasons I have chosen to sacrifice long 
bottom times in exchange for being 
relatively streamlined and entirely 
self-contained.

Another aspect of my set which 
needs discussion is the extent and 
design of redundant equipment. As a 
general rule, technical divers are far 
more equipment-dependent than 
their recreational counterparts, and 
must take steps to ensure that 
equipment malfunctions can be dealt 
with under pressure. Redundancy 
should be designed into the set so as 
to minimize the probability of a 
"system failure", an equipment 
malfunction which threatens the life 
of a diver. By incorporating extra 
redundancy into a system, some 
pieces of critical equipment can 

malfunction while still allowing the 
diver access to enough breathing gas 
to allow a safe trip home.

Redundancy in an open-circuit,

mixed gas operation is confounded by 
the fact that several different 
breathing mixtures are required. Since 
each mixture is crucial to some 
portion of the dive, each gas system 
requires its' own set of redundant 
equipment. Thus, on a deep trimix or 
heliox dive utilizing enriched air and 
oxygen as decompression gases, 
effectively three times as much 
equipment is necessary to achieve the 

Fig. 8 Deep Reef Profile (350 fsw for 15 minutes)

Runtime (minutes)

same redundancy as an equivalent 
dive on air. Since deep coral reef 
explorers often need to be both self 
contained and relatively streamlined, 
providing enough equipment 
redundancy to safely conduct a deep 
reef dive is a rather formidable task. It 
is also important to consider the 
nature of the most likely failures when 
deciding upon a configuration. In 
general, breathing system failures fall 
into one of three categories: no gas 
delivery, too much gas delivery, and gas 
mismanagement.

A no gas delivery failure, 
characterized by a regulator which 
suddenly fails to deliver breathing gas 
to a diver independent of cylinder 
content, is perhaps the most serious. 
The good news is that this kind of 
failure is extremely rare (although not 
nonexistent) in modern, well- 
maintained two stage regulators.

Too much gas is a much more 
common form of equipment failure. 
Typical examples are a free-flowing 
second stage, a blown hose, blown o- 
rings, blown burst disks, or any other 
tank or regulator malfunction which 
causes an increased rate of gas 
loss.Although some gas 
mismanagement errors are the result of 
equipment failures such a s a faulty 
pressure gauge, problems which fall 
under this third category are usually 
associated with human error (for 
example, not providing enough
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decompression gas to follow the 
planned schedule). Another form of 
gas mismanagement in mixed gas 
diving operations is breathing a gas 
mixture outside its depth range of 
allowable oxygen partial pressure. An 
example of this type of failure recently 
happened here in Hawaii when a diver 
accidentally switched from bottom 
mix to an EAN 32 at a depth of 300 
fsw. Big mistake. The diver luckily 
survived the ordeal, suffering only a 
moderate amount of nausea. As 
mentioned above, deep trimix diving 
usually involves at least three different 
gasses in three different systems. Of 
these, redundancy in the helium-mix 
system is perhaps the most critical. At 
the depth range where such a mixture 
is usually utilized (i.e., below 130 
feet), it is the on ly  gas carried by the 
diver which may be safely breathed; 
the enriched air and oxygen systems 
cannot be relied on as back-up in an 
emergency situation at depth.

In order to design effective helium 
mix redundancy for the deep reef 
diver, it is important to distinguish 
real from virtual overhead 
environments. Essentially, an 
overhead environment is one in 
which something prevents the diver 
from returning immediately to the 
surface. For obvious reasons, caves,
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Genus: "Centropyge sp.," known as the 
" pepermint swimmey," was first 
collected by Boyles and Pyle at 360 fsw 
on a hazardous deep air excursion, 
before their use of special mix. The 
team couldn't believe their good 
fortune. Particularly when a buyer 
agreed to pay the unbelieveable sum 
S600 for each fish which more than 
covered the cost of the trip. Later they 
found out these same fish sold for 1.4 
million yen each at retail in Japan, or 
US S I4,000. How much was that Cis- 
Lunar rebreather?

Coral reef communities are among the richest and most diverse 
ecosystems on earth. They flourish where bright tropical sunlight penetrates 
relatively clear ocean water, and provides the basic energy to fuel 
photosynthesis processes in the primary producers (algae), at the bottom of 
the food chain. For that reason, the coral reef community is limited to the 
upper reaches of the sea and cannot exist in the dark abyssal depths below 
about 400-500 fsw.

Since the advent of conventional scuba gear, professional marine 
biologists have been busy exploring coral reef habitats, collecting and 
documenting the incredibly wide diversity of organisms which inhabit them. 
However, because virtually all of these scuba explorations have been 
conducted while using air as a breathing gas, thorough biological 
investigations have been generally limited to depths of less than 250 fsw. To 
study the marine life at greater depths, marine biologists have had to rely on 
such devices as traps, trawls, and deep sea submersibles. Unfortunately, 
traps and trawls are not very selective catching methods, and are generally 
ineffective at collecting the many smaller, more cryptic organisms typical of 
coral reef environments. Submersibles (both manned and remote) are 
cumbersome and extremely expensive to operate. Most are designed to 
penetrate depths of thousands of feet or more, and the rare researcher 
fortunate enough to obtain funds to utilize them generally concentrate their 
efforts at depths below 400 fsw.

As a result, there remains a zone of coral reef habitat at depths between 
about 250 and 500 feet throughout the tropical seas, which has escaped 
extensive exploration and documentation. This zone, the biological “twilight 
zone", undoubtedly harbors vast numbers of undiscovered species of marine 
life, and represents a new frontier for the qualified researcher suitably 
equipped with the mix technology.
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Pyle on mix
Here are a few of the things I’ve 
learned after making the switch 
to mix. Though th is  lis t is 
certa in ly not comprehensive, 
I’ve chosen to underscore those 
areas of mix sa fe ty which 
overconfident experienced deep 
air divers (like myself) may tend 
to overlook or consider 
unimportant. Although many of 
these points also perta in  to 
deep a ir diving, they are 
especially important to special 
mix operations.

1. Plan your dive and don’t get 
over your head.

2. Redundancy is im portant. 
Redundancy is im p o rtan t. 
Redundancy is important.

3. Regulators aren’t  the only 
thing you need to back up.

4. Don’t pinch pennies.

5. Invest in an oxygen analyzer.

6. Be careful when working 
with high pressure oxygen.

7. Invest in proper decom 
pression schedules.

8. Know your equipment inside 
and out.

9. Make sure you can get to 
your stage bottles.

10. Don’t forget how deep you 
are.

ice, and wreck penetration, are 
examples of physical overhead 
environments; there is a physical 
obstruction (rock, ice, metal) between 
the diver and the surface.
Decompression dives are also thought 
of as overhead environments: the 
obstruction between the diver and 
the surface being the decompression 
obligation, a virtual overhead.

Under normal conditions, when 
a dive goes as planned, physical and 
virtual overheads are essentially the 
same from a diver's perspective. But 
in the event of an emergency, the 
differences can be profound. For 
example, a diver lost in a silt-out 
inside a shallow cave, who runs out 
of air at a depth of 10 fsw will almost 
certainly die; but a diver with a 
twenty-foot decompression ceiling 
who runs out of air can dash up to 
the boat, grab another tank, and drop 
right back down to below twenty feet 
in a minute or two. While certainly 
not recommended as standard 
decompression procedure, a diver in 
this situation will, in all probability, 
fare just fine. Another fundamental 
difference between physical and 
virtual overheads become important 
when considering helium mix 
redundancy in a deep diving rig. 
When conducting a deep mixed gas 
dive in a physical overhead 
environment, the helium mix 
redundancy system must be designed 
so that a diver has access to large 
volumes of breathing gas (usually a 
set of crossed-over doubles with two 
regulators and an isolation valve). 
This is because a diver under these 
conditions often must travel 
extensive distances horizontally, to 
circumvent the physical overhead 
obstruction, before reaching depth 
where the decompression gas (i.e., 
EAN) may be safely breathed. For 
short dives in the 250-350 fsw range, 
virtual overheads (decompression 
ceilings) are generally shallower than 
130 fsw where EAN 32 may be safely 
breathed. For that reason, a diver 
who needs only to worry about a 
virtual overhead requires an entirely 
different redundancy design to 
facilitate a safe bailout than a diver 
who must swim great distances 
through cave tunnels or sunken 
ships.

In utilizing a single cylinder of 
bottom mix for my deep reef rig, a 

logical system of regulator 
redundancy would be to attach two 
regulators to the cylinder via a "Y"- 
valve. This would effectively provide 
the same amount of redundancy as 
the crossed-over doubles system. 
However, I did not opt for this 
approach because I believe the costs 
outweigh the benefits. Extra 
equipment usually carries a cost (and 
I don't mean dollars) in addition to 
the benefit it provides. In addition to 
added weight and water resistance, 
making it harder to swim, such a rig 
also presents problems of hoses 
becoming hopelessly tangled. 
Furthermore, coral reef habitats are 
characterized by hard, sharp 
limestone rock intricacies where 
regulator hoses may easily become 
snagged, tangled, and possibly 
ruptured.

Since most coral reef exploration 
dives do not usually involve deep 
penetration into physical overheads, 
I believe a more effective form of 
helium mix redundancy is a separate 
30 cu. ft. pony bailout bottle, with its 
own regulator, maintained in the 
"open" pressurized state. This pony 
bottle has sufficient gas capacity to 
allow a controlled ascent to 130 feet, 
where a diver can safely switch to 
breathing enriched air. Moreover, a 
too much gas malfunction in either 
system will not affect the other. 
(Note: A 30 cf pony bottle would be 
totally ineffective as a bailout to the  
surface on a deep mix dive.—ed)

The use of a "Y" valve is, 
however, an effective means of 
redundancy in the enriched air 
breathing system. In this case, the 
valve to the secondary enriched air 
regulator is maintained in the 
"closed" state, so that a too much gas 
failure in this regulator will not cause 
a rapid loss of the enriched air 
supply. The reason this can be done 
safely is that the helium mix system 
serves as an emergency back-up in 
the event of an "immediate danger" 
failure in the primary enriched air 
regulator. If need be, the diver can 
breathe the helium mix while taking 
the time to close the valve to the 
faulty enriched air regulator and 
open the valve to the secondary one. 
The A.I.R. II on the primary B.C. 
provides additional second stage 
redundancy for this system.

The primary source for 
decompression oxygen is some form

 

 
 

 

 

 

 

 

 
 

 



of rig (either a stage bottle or a 
surface-supplied system) secured to 
the decompression line at the boat. 
The 22 cu. ft. pony bottle 
incorporated into this rig serves only 
as the redundant system. Its valve is 
kept closed, and is opened only in the 
event that the diver is unable to return 
to the boat at the end of the dive (or if 
the primary oxygen rig malfunctions). 
If an "immediate danger" situation 
arises during the oxygen 
decompression portion of the dive, 
the enriched air (and in some cases, 
helium mix) serves temporary back
up.

Some mixed gas rig designs 
include redundant pressure gauges to 
minimize gas mismanagement 
problems, but I do not incorporate 
them into my system: I use only two 
gauges; one on my primary helium 
mix supply, and one on my enriched 
air system. I am vividly aware of the 
real possibility of a malfunctioning 
gauge (I spent more than a year- learning 
how to walk as a result of a diving 
accident - largely because a faulty pressure 
gauge convinced me that my empty tank 
still had 750 psi remaining.), but I 
believe that additional pressure gauges 
present more potential costs than 
benefits. Too many gauges can be 
confusing and dangerously misleading 
if they are not very carefully 
organized.

In my opinion, a better redundant 
system for gas management, is to 
simply become intimately familiar 
with your own breathing rates, and 
employ a great deal of common sense 
and conservatism. Know how long a 
given volume of gas at a given depth, 
and under a given workload will last 
you. If the gauge says you have more, 
then don't trust it!

Besides safeguarding against 
equipment failures, I designed my 
system to reduce the probability of 
human error as well. In order to 
minimize the risk of accidentally 
breathing the wrong mix at the wrong 
depth, I code my regulators as to what 
type of gas they deliver. One note of 
caution: the secondary EAN and 
oxygen regulators should be 
pressurized by opening the tank valves 
prior to the dive to maintain them in 
a pressurized (but "closed") state. This 
will help prevent water from flowing 
back up into the regulator on the 
deeper portions of the dive.

My system is certainly not 

without its weaknesses. A failure could 
occur in the helium mix rig if a gas 
mismanagement problem arises in the 
primary cylinder with a simultaneous 
regulator malfunction in the pony 
bottle regulator. A system failure could 
occur in my EAN system in the event 
of a blown burst disk. To minimize 
this as a potential problem, the burst 
disk could be replaced by a plug (Note, 
though done in the field, plugging a burst 
disk is not recommended by tank 
manufacturers—ed.), and an additional 
EAN cylinder kept on the anchor line

A Pony And A Prayer 
Taking a cue from the 
underground, crossover 

manifolds and stage bottles are 
gradually upstaging the pony 
as the bailout system of choice 
among deep wreck divers. For 

good reason. >4s summed up by 
cave diver Mike Hanna, general 
manager of Ginnie Springs Dive 
Center, "A single pony will give 
you enough time at 250 to say 

the Lord's Prayer. "Amen.

or decompression line, strictly as a 
reserve. Also, all three systems are at 
the mercy of two simultaneous 
regulator failures, but the same is true 
for almost any set.

A final area of concern to the coral 
reef diver is buoyancy considerations. 
Unlike most freshwater cave diving 
and a great deal of wreck diving, 
where cool water temperatures require 
the use of drysuits for long exposures, 
reef divers are often quite comfortable 
wearing only wetsuits. While wetsuits 
have the advantage of allowing 
increased mobility, they also reduce 
the over-all buoyancy of a diver when 
compared with a drysuit.
Consequently, the deep reef diver's set 
should be made as close to neutrally 
buoyant as possible (this is also 

important if a diver needs to remove 
the set to open or close a tank valve). 
This explains the choice of aluminum 
100's for primary gas sources: each 
tank is +3.5 pounds buoyant when 
empty, causing the complete rig to be 
only slightly negatively buoyant at the 
end of a dive. Large capacity steel 
cylinders are much too heavy 
underwater if the diver wears only a 
wetsuit. To further safeguard against 
potential buoyancy problems, we 
carry a back-up B.C. as a standard part 
of our deep reef diving equipment.

Although not perfect, I believe 
this rig to be ideal for use in short- 
duration, mixed gas coral reef 
exploration dives. While the bottom 
times allowed by only 100 cu. ft. of 
bottom gas may seem scant (usually 
not exceeding 15 minutes), it is 
enough to make some formidable 
exploration forays into the " twilight 
zone.” With a rig of smaller capacity 
(steel 75's instead of aluminum 100's) 
and far less redundancy, Chip Boyle 
and I managed to collect a number of 
ichthyological treasures in Raratonga. 
I designed my present system in 
response to the weaknesses and 
shortcomings of the previous rig, and 
believe that it serves my needs well. I 
am continuously learning new things 
and having new experiences, however, 
so my philosophies and rig 
configuration will probably change 
over time—presumably for the better.

Let me emphasize that the diving 
rig and practices just described pertain 
on ly  to short-duration exposures in 
the absence of "physical" overhead 
obstructions! Do n o t use this rig for 
deep cave or penetration wreck diving!

I sincerely encourage anyone with 
comments or criticism in reference to 
the points I've addressed to contact 
me. I would especially love to 
correspond and exchange ideas with 
fellow deep reefers (no narcotic 
connotations intended). Safe mixing.

An ichthyologist and fish collector with 
over 40 published papers, Richard Pyle has 
been conducting deep reef dives for over a 
decade, racking up several hundred dives 
in excess of 200 fsw spread out over a 
nearly dozen major projects. Currently 
working with Bishop Museum, Honolulu, 
Hawaii, Pyle plans to attend the Ph.D 
program at University of Hawaii next fall. 
He can be contacted at: Bishop Museum, 
PO Box 19000A, Honolulu, Hawaii 96817. 
Fax: 808-841-8968. Mark it, "Deep
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Set Theory: 
a look at rigging options
Though double tanks and stage bo ttles are 
generally a requirement for most technical diving 
operations, diving sets vary significantly depending 
on the specific application and diving environment. 
Here's a look a t some o f the more common 
methods of set rigging as practiced today in the 
"doubles community "

D ivin g  In  L ittle  P laces
Modern equipm ent is 

designed to make diving in 
an overhead environment 
as safe as possible. Re
dundancy is the key to 
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conducting these operat
ions. The question 
becomes, "How do I rig it?"

A few years ago, the 
Hog art hi an Concept—"dive 
as simple and clean as 
possible"—was introduced 
in the underground. 
Hogarthians had a number 
of specific ideas which 
created a furor in the cave 
community, but got people 
thinking. Though some of 
the ideas were rejected, the 
concept is valid and has 
been im plem ented in 
various ways by members 
of the community.

Equipm ent is never 
rigged externally on the 
sides of tanks, and 
nothing, in particularly the 

long hose, lies above the 
manifold crossover bar. All 
split rings are removed so 
as not to create a line trap, 
and so is anything that can 
foul or break delicate cave 

formations, many are more 
than 13,000 years old and 
can never recover. The SPG 
is secured to the inside of 
the wrist as are o ther 
instrum ents. Reels and 
back-up lights are rigged 
to "D-rings" at the 
shoulders and as close to 
the back plate as possible 
on the waist straps using 
short te thers. Pouches 
m ounted on the waist 
band are used for carrying 
smaller items such as a line 
cutter, slates and tables, 
and line markers. The back
up second stage regulator 
is secured by a piece of 
surgical tubing that is worn 
around the neck.

Rigging completed, there 

is no substitu te  for 
technique. In order to 
protect the cave, diving in 
small fragile places requires 
the finesse and brainwork 
of a technical climber. Like 
their free hanging counter
parts, divers relay on a 
series of "moves"rather 
than brute force. And the 
edge is never more than a 
breath and a prayer away. 
E.J. "LaIo" Fiorelli, 250 Rocky 
RD., Soquel, CA 95073. Fax: 
408-464-1854.

Squeezin g  By
Originally developed for 

the tigh t low visibility  
sump diving th a t is 
com m on in Europe, 
sidemounts allowed spe- 
lunkers to more easily 
transport single cylinders 
through a dry cave to the 
dive site. In North Florida, 
the use of sidem ount 
techniques has allowed 
exploration into small silty 
areas th a t were once 
thought impassable and 
has opened up entire new 
cave systems th a t were 
simply inaccessible with 
back m ounted doubles. 
Side-m ounts reduce the 
strain of carrying heavy 
doubles up steep inclines, 
lowering cylinders down 

into a hole, and making 
those long walks through 
the woods to the dive site. 
Cave systems known to be 
silty can now be penetrated 
without heavy silting.

Sidem ount config

uration means wearing the 
cylinders on the hips 
instead of the back.The 
cylinders are fastened in 
the middle with a snap to a 
harness at the waist. The 
necks are clipped off at the 
arm pit using bunjii 
material (a bicycle inner 
tube is preferred) so that 
the cylinders are forced to 
lay parallel to the divers' 
body . Adjustm ents are 
usually needed at first to 
insure a snug comfortable 
fit.

W hen diving w ith 
sidemounts, gas supplies 
m ust be balanced for 
adequate reserves through
out the dive. The regulator 
and SPG hoses no longer 
lay across the back and 
instead are clipped across 
the chest area. The 
m anagem ent of these is 
critical for proper m onit
oring of gas supplies and 
switching regulators during 
the dive. Back-up and 
emergency equipm ent 
must be streamlined and 
tucked away to achieve the 
desired profile—no thicker 
than the the two cylinders 
that lay along the divers' hips.

Clearly sidemount div
ing is not for everyone 
because of the potential 
hazards th a t exist; low 
visibility, line traps and 
squeezes that seem to get 
smaller and smaller are 
only a few of the obstacles 
to be overcome. A diver 
must be totally comfort
able in all these conditions 
before considering side
m ount as an alternative. 
Suitably equipped,divers 
who are, can usually find a 
way to squeeze by. Lamar 
Hires, Dive Rite Mfg.lnc., 
Rt.l4, Box 136, Lake City, FL 
32055. Fax: 904-755-0613

C h ina  C u lt
Previously isolated from 

the underground and 
fellow wreckers to the 
south, the east coast wreck 
diving community evolved
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it's own style of set rigging 
suitable to the cold dark 
waters of the north and the 
available technology. Still 
seen on the boats th a t 
work the Doria, Texas Tower, 
the Virginia and the San 
Diego, a typical east coast 
wreck diving set consists of 
a pair of double 80's or 95's 
secured to a large capacity 
BCD jacket w ith a 
m anifold system, or 
com m only two inde
pendent regulators which 
are rotated through-out the 
dive. A 40 cubic foot pony 
m ounted between the 
doubles serves as a bail-out, 
along with an aluminum- 
spindled upreel. For the
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most part, stage bottles, 
typically air, are som e
thing divers leave tied off 
to the anchor line at 10 
feet, and oxygen for 
decompression is still used 
sparingly, if at all.

Now with the advent of 
larger tanks, harness and 
m anifold systems, im 
proved decom -pression 
m ethods and mix tech 
nology all that is changing. 
Today, a well-outfitted high 
tech wreck diver carries a 
pair of cold-filled Genesis 
120's with DIN crossover 
m anifold and valve 
protectors, shoulder
mounted stage bottles, or 
“wing tanks", containing 
decompression gas ( EAN 
and or oxygen) —do you 
really want to bet your tissues 
on that cylinder clipped off to 

the anchor line? —harness, 
bag and back plate system, 
argon inflation system and 
of course an upreel. The 
result? Wreck divers are 
staying down longer, 
getting more of that first 
class china, and most 
im portantly are doing it 
safer . After all, when you 
come right down to it, the 
most valuable artifact that 
you'll ever bring home is 
yourself. Billy Deans, Key 
West Diver, MM4.5, US1, 
Stock Island, Key West, 
FL.33040. Fax: 305-294- 
7612

Quads
For long deep exposures, 

particularly those assoc
iated with expedition-level 
pushes, carrying sufficient 
gas volumes to do the job 
becomes a m ajor oper- 
aional consideration. 
Fortunately, most of these 
dives are conducted in 
cavernous passageways or 
open water where restricted 
space is not the issue. 
According quads ("tank 
packs") are often used in 
conjunction w ith diver- 
carried stage bottles in

order to carry sufficient 
bottom  gas, and tha t 
required for decom 
pression, where self- 
sufficiency is the key. DP Vs 
are generally a requirement 
to overcome hydro
dynamic drag.

A typical quad set-up 
consists of doubles, often 
104's w ith crossover 
m anifold con tain ing  
bottom mix , mounted to a 
pair of side tanks contain

ing decompression gas; an 
enriched air nitrox and a 
bottle of oxygen, each with 
an independent regulator. 
In addition, divers typically 
carry a 80 cf bail-out bottle 
of bottom  mix, and a 
second cylinder of deep 
nitrox mix (sometimes air) 
for decom -pression—six 
cylinders in all—making the 
diver relatively self- 
sufficient. High perfor
mance regu-lators, such as 
the Poisedon, are the 
standard, as well as double 
buoyancy com pensator 
bags. Gas and quad 
equipm ent m anagem ent 
are critical, and takes 
practice to get down.

How much gas? An 
explorer with a good quad 
set and stage bottles can 
carry just over 600 cubic 
feet of gas. An awful lot 
until you consider that gas 
consumption in the 300- 
500 fsw range being 
broached by leading 
explorers, will drain an 80 
cf cylinder in a little over 
five minutes, and the gas 
requirements for decom
pression—often in excess 
of four to six hours—are 
stiff. Of course, once closed 
circuit (C2) technology hits 
the street, quads and six 
plus tank dives will become 
a relic of the past. With a 
virtually un lim ited  gas 
supply in a 50 lbs. pack, 
gas won't be the issue. But 
then that's technology for 
you. —Staff

Futures Market
If Dr. Bill Stone has his 

way we may all be taking 
another breath. Rated to 
300 msw (that's meters of 
seawater!), Cis-Lunar's 
MK-2R fully-redundant 
closed circuit "rebreather" 
will change the way we 
think about diving, blazing 
a trail for others to follow. 
Offering a 12-18 hour 
heliox gas supply, near 
optim al decompression, 
and a fail-safe systems 

architecture th a t would 
send any self-respecting 
tekkie into orbit—literally, 
the MK-2R, now in beta 
test, is scheduled to make 
it's  debut sometime in 
1992.

The tougher issue 
is w hether Cis-Lunar's 
initial production run of 
six units will saturate the 
market? Considering that 
IBM first estim ated the 
world-wide market for 
computers to be only four 
systems, Stone and his 
colleagues may not have to 
worry for long. All they 
have to do is hang in there. 
But then  th a t's  exactly 
what Stone has in mind. 
Microbells anyone?M?

"In 1948, the first 

"aqualungs" were shipped to 

the U.S. for sport diving

distribution. Rene Buzzoz 
sold twelve units during that 

first year. When questioned 
by the French manufacturer 

as to how many units could 
be sold the following year 

Buzzoz replied, " I think we 

have saturated the market." 
Buzzoz's little sporting goods 

store is well known today as 

U.S. Divers."

Rick Freshee,SportDiver Magazine, 
1977
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Safer T h a n  Air? Gettin
by Jo h n  T Crea

Over the last few years we have 
heard that enriched air is the wave 
of the future for the sport diving 
community; that it gives longer 
bottom times, shorter 
decompressions and is safer than 
diving air. Is enriched air safer? 
Well, that depends.

In theory, if we decrease the 
amount of nitrogen presented to 
the lungs during a dive ( by 
breathing enriched air), we also 
decrease the uptake of nitrogen at a 
given ambient pressure. This results 
in decreased nitrogen loading in 
any given compartment which 
leads to longer allowable exposures 
or shorter decompressions.

Based on this premise, the 
concept of equivalent air depth (EAD)

(see technically speaking) can be 
utilized to simplify the logistics of 
diving enriched air i.e. air tables 
can be used. So the issue of safety 
really boils down to whether or not 
the tables that are being used are 
reliable for the dive in question. 
Since most enriched air tables are 
actually air tables that have been 
"converted" using EAD, the answer 
depends on the underlying tables 
themselves.

For short no-stop dives, there is 
substantial evidence based on the 
experience of NOAA and the AAUS 
that enriched air dives utilizing the 
US Navy Standard Air Tables (the 
basis of the NOAA nitrox tables) are 
very reliable. In fact, the USN tables 
have an enviable record when it 
comes to no-stop diving. However, 
when we begin to enter the realm 
of "D-Word," particularly on long 
dives, the story is not quite the 
same.

Today, it's not uncommon for 
exploration divers and others to 
make an air dive to a maximum 
depth of 100 - 130 fsw with bottom 
times in excess of 100 minutes. 
These dives appear to be tailored for 
enriched air which offers significant 
decompression time savings over 
air. And it's safer, isn't it?

Consider a dive to 120 fsw for 
120 minutes. The US Navy Standard 
Tables calls for stops of 10 minutes 
at 40 ft., 19 minutes at 30 ft., 47 
minutes at 20 ft., and 98 minutes at 
10 ft., total ascent time: 176 
minutes. Using NOAA Nitrox I 
(EAN 32) the decompression 
becomes; 12 minutes at 30 ft., 41 
minutes at 20ft., followed by 78 
minutes at the 10 foot stop, total 
ascent time 133 minutes, a savings 
of 43 minutes!

Can this dive be conducted 
more safely using enriched air? Yes, 
but is either dive really safe?

In 1984, Capt. Ed Thalmann 
conducted a series of experiments 
to examine the reliability of the 
USN Standard Air Tables on dives 
with long bottom times. Over 835 
person-dives were conducted. The 
results were eye opening (Undersea 
Biomedical Research, 1985; 12 
(Suppl): 54-55):

Air decompression dives conducted 
over the 50 - 7 90 fsw range showed 
that tr ip l in g  total decompression 
times for long shallow dives (eg. 
60ft./180 min.; 80ft./120 min.), and 
near d o u b lin g  times for medium deep 
dives (eg. 150ft./40 min.; 190ft./30 
min.) were necessary for safe 
decompression. Many air schedules 
could not be safely dived even when 
decompression times were more than 
tr ip le d  (eg. 150ft./60 min; 190ft./40 

continued page 26
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In keeping with our goal of serving as a 
forum for the technical diving community, 
we’ve decided to expand the editorial 
section of the journal. The thoughts and 
opinions expressed below are those of the 
authors, and not necessarily shared by the 
aquaCorps editorial staff. If you have an 
opinion or something you'd like to share 
with our readership please contact Michael 
Menduno at our editorial office.

by Brian Skerry

When aquaCorps first appeared in 
print, my sentiments were, “Not bad. A 
journal for experienced divers is long 
overdue. ” As I read the subsequent issues, 
my appreciation for the wealth of 
information provided grew even more. Early 
in 1991,1 was asked to join the editorial 
staff for the next issue in the series titled, 
MIX. I accepted the task looking forward to 
contributing and hoping to learn something 
in the process. With MIX now complete, I 
feel it necessary to say a few words to our 
readers.

It’s a bit of a tautology to say MIX is a 
technical journal. It is a very technical 
journal. I found myself reading and re
reading certain passages just to let them 
sink in before attempting to edit them for 
our readers. In many cases, the words 
could not be made more exciting nor easier 
to read and are presented exactly as 
written. I believe this is the way it should 
be when discussing these important topics.

aquaCorps is aimed primarily at the 
experienced diver and individuals seeking 
to learn and gain a broader understanding 
of diving. Our contributing writers are some



&
Technical No Glove. No Love.
of the best and brightest in the business 
from whom we can learn. Many of the 
advanced tools and methods discussed in 
these pages are currently being used by a 
only a small percentage of the diving 
population but there is something to be 
learned from their pioneering efforts. What 
is considered cutting edge today is likely to 
become common place in years to come. 
History is filled with examples of pioneers 
and adventurers whose ideas and 
methods, though once considered radical, 
are now used to great advantage by many. 
The same is true of diving. The tools and 
methods discussed in aquaCorps today 
hold great promise for improving the safety 
and performance of divers at all levels, 
from the beginner to the professional, in 
the years to come.

Few people take a basic scuba course 
with the intention of becoming exploration 
divers using exotic gas mixes, however, we 
live in an age where such progression is 
possible. It is human nature to want to 
improve, to go beyond what was done 
before. In diving this must be done with 
great caution and an emphasis on safety 
which can only come about through 
information and education. And that is the 
basis of aquaCorps.

Not every issue of the journal will be 
as technical as MIX, but I believe the 
importance of the information presented 
here is worth the effort required on the 
part of interested readers. Our next issue, 
BENT, which focuses on decompression 
sickness, other diving injuries, will be less 
technical, though equally “information
rich. " For myself, I wouldn’t want it any 
other way.

Deep Diving In The Age 
of Sexually Transmitted 
Disease
b y  M ike E m m erm an

Deep diving (DD) and sexually 
transmitted diseases (STDs)? What 
does one have to do with the other? 
Is there an added risk with depth? 
Of course not! But if there's a way, 
well, I suppose someone will figure 
it out.

The subject matter of this article 
actually came out of a personal 
experience at a recent dive show. 
There I was minding my own 
business when an extremely 
attractive woman modeling a body 
glove surf suit came into view. My 
first thoughts, unsuitable for print, 
were rapidly followed by a series of 
concerns over sexually transmitted 
diseases, STDs. I found myself 
debating whether education and 
protection are enough to insure two 
people can enjoy physical pleasure 
without the worry of potential 
disease or even death. Some things 
may just not be worth the cost.

Shortly after I stopped debating 
this paradox a diver confronted me 
with a question about the risks of 
deep diving. I thought for a minute 
and told him that" the risks inherent 
in deep diving are very similar to those 
inherent in catching a sexually 
transmitted disease." He looked at me 
a bit dumbfounded, mumbled 
something about a blond, and 
walked away hurriedly without 
waiting for clarification. For his sake 
and mine, let me explain.

STDs: If precautions are not 
taken, there is the potential for both 

short and long term health 
difficulties and even the possibility 
of death.

DD: If precautions are not 
taken, there is a potential for short 
and long term injuries, including 
neurological impairment, and the 
possibility of death.

STDs: The general public has 
been warned and educated about 
the the potential dangers.

DD: The diving public has been 
warned but not adequately educated 
about the dangers.

STDs: The individual makes the 
decision about taking the required 
precautions. Safety equipment and 
training is relatively cheap.

DD: The individual diver must 
make the decision and the required 
equipment and training is relatively 
expensive.

STDs: Substantial money has 
been spent on research to help 
define the problems and the risks.

DD: Very little money has been 
spent on research.

STDs: Many people ignore the 
warnings of danger with such 
phrases as "it can't happen to me", 
and many who are thought to have 
infections deny the existence of the 
problem.

DD: Many divers ignore the 
warnings, "who me?", and some who 
exhibit neurological impairment as 
a result of deep diving exposures 
deny the problem.

continued page 26
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SAFER THAN AIR?/continued from 24

min.). Similar results were found with 
repetitive dives. DCS-free dives could not 
obtained on many repetitive dive sets 
such as 100 ft./60 min. or 150ft./40 
min, both with 60 minute surface 
intervals, even when total 
decompression times were doub led  
(emphasis added —Ed).The conclusion? Enriched air diving using EAD is only as safe as the tables on which they it is based and neither the US Navy tables, or the NOAA nitrox tables which are derived from them, are not as reliable as one would like them to be on long dives. Some of the work by Weathersby estimates the DCS risk for an 80ft./120 minute using the USN air tables to be 10 - 16%. What are the risks of a 100 foot EAD dive for 120 minutes, let alone a 120 foot dive for 120 minutes?Is diving enriched air nitrox safer than diving air? The answer is yes, but a qualified yes. The more pertinent question to ask is “ Can this 
dive be conducted safely with the tools 
and methods available?" It is obvious that on long decompression dives utilizing the USN tables the answer is N O , whether you are diving the Standard Air or EAD-corrected nitrox tables.Divers venturing into the realm of longer and/or deeper dives should be using the most reliable tables available. For that reason, many divers are switching to more conservative tables such as the Canadian DCIEM  table or special application tables, and are utilizing in-water oxygen for decompression. It's something to consider, particularly when your safety is at stake. Hang in there.

lohn T. Crea is an anesthesiologist, 
cave diver and president of Submariner 
Research Ltd., a diving physiology 
consulting firm that specializes in 
custom decompression table generation, 
special mix diving, and high tech set-up 
and equipment. He can be contacted at: 
PO Box 1906, Bainbridge, GA. 31717.

STD s: Quite a few people continue to explore random sexual encounters and appear to be healthy.
D D : M any divers continue to explore the deep and also appear to be healthy.All of have not stopped seeking physical pleasure with a consenting partner just because of the potential risk of STDs. And lots of divers still make deep dives knowing that these dives carry greater risks than shallow exposures. The "Fix" for STDs is relatively easy; get educated about high risk profiles, acquire the necessary protective devices, and use the education and protection when needed. The "Fix" for deep diving is a little more complicated.Many diving professionals are now calling deep diving "technical", however deep diving in itself, is not the same as technical diving. Technical diving denotes a need for education, training and practice, and involves discipline. To date however, there is a limited infrastructure in place to provide this education, training and practice. Several training courses are currently in discussion within various parts of the community, and some already exist for divers who want them and who are willing to invest the time and money required. But until these courses are generally available, the “ improperly prepared" diver is at substantial risk.The lack of training is obvious. W hat is not so obvious is the lack of research related to deep diving. Unlike the STD problem, the research dollars needed to clarify the risks inherent in deep diving—both physical and physiological—are simply not available. Some of these risks have been quantified; for example, oxygen toxicity tolerances, CO 2 build-up and certain aspects of narcosis. And while it is true that deep diving has been practiced for years in certain segments of the diving industry, for example among commercial divers, strict scientific protocols have not been employed to verify the results and experiences 

of these groups. Do commercial divers experience more problems with DCS? Do they have a higher incidence of bone necrosis? We just can't answer these questions without in-depth studies of commercial and non-commercial divers. It will take many years before we can accumulate the data that is necessary to define the real risks associated with deep diving.So next time an extremely attractive potentially sexually active partner comes walking into your view, remember that you probably have enough education, training and equipment to reduce your potential risk. However, if you are planning a deep dive, you may not. If you choose to participate in exceptional diving experiences, then you owe it to yourself to become an educated diver. Seek out those individuals within your community who already have the training and experience needed to reduce your potential risks. And remember, all of us who choose to step outside accepted norms, either sexually or with tanks on our backs, have agreed to accept the risks.----------------
Mike Emmerman is the research 

director at Lifeguard Systems Inc., a 
rapid deployment rescue training 
organization. He is also the research 
coordinator of the Diving and Water 
Rescue Committee of the National 
Association For Search and Rescue 
(NASAR). Mostly Mike loves to dive (The editorial staff refrains from drawing any conclusions regarding Mr. Emmerman's other proclivities. Readers, your on your own.-ed.) He 
can be contacted at 522 Fifth Ave, Suite 
900, New York, New York 10036-7673.

" I have spent half my 
life trying to get away from 
journalism, but I am still 
mired in it —a low trade 
and habit worse than 
heroin, a strange seedy 
world of misfits, drunkards 
and failures."

Hunter S. Thompson

       

  

       

 

        
  

 
 

 
 

 
 

 



f
ver since the invention o f a reliable means to supply compressed gas to 
divers, diving operations have been limited by the availability o f appropriate 

decompression tables and methods. Now, with increased interest in alternative 
breathing mixes, advanced decompression methods, and exposures outside the 
range o f  standard air tables, special application tables are becoming an
important tool in the high tech diver's arsenal and 
are growing in use.

Conceptually, special tables are no different 
than th eir p u b lic  d om ain  cou n terp a rts. Each  
represents a decompression procedure designed to 
bring a diver back to the surface without incident 
after carrying out a planned exposure. Where public 
dom ain tables span an entire range o f  dives, for 
example 0190 fsw with bottom times ranging from 5 
to several hundred minutes depending on the depth, 
and typically involve a single gas mix, usually air, 
special tables are typically calculated for a specific 
operation involving a narrow range o f exposures, 
multiple gas mixes, decompression procedures and § 
custom  J-fa cto rs (" Je su s"  fa ctors a d d ed  f o r i  
conservatism). a

Another im portant difference.Though most public tables have been 
tested on a significant number o f dives, this is not always the case with special 
tables for which limited diving data may exist, a reason to proceed with caution. 
Anyone with a computer and computational algorithm can generate a table. The 
real issue is what the numbers mean. As Dr. Bill Hamilton points out in the 
accompanying article, special tables are only as good as the experience and 
judgement behind them. For that reason decompression engineering is still as 
much o f an art as it is a science.

Currently special tables are being used by a small minority o f technical 
divers and  there are only few su p pliers.For good reason. P la n n in g  and  
conducting dives involving special tables requires a degree o f skill, sophistication 
and u n d ersta n d in g  th a t does n ot yet ex ist in  the com m unity as a 
whole.Training, experience, and a supporting infrastructure are needed, and the 
potential for injury is no small matter. For that reason, many professionals in 
the field remain leery o f producing tables for just anyone, particularly in light o f 
the current legal climate in the industry.

As special mix diving becomes more accessible, the need for special tables 
will continue to grow, and with it, the number o f reliable suppliers. Until that 
time it's wise to proceed with caution, and work with qualified, experienced 
individuals who know what they're doing. As Dr. Hamilton explains, there is a 
lot more involved than simply cutting a table. —Michael Menduno

TNo matter 
what 
computational 
algorithm is 
used to 
produce a 
decompression 
table,, it's basis 
is stni 
empirical. 
What works, 

works/j
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Understanding 
Special Tables: 
Some things you 
should know.
by Dr. R.W. Bill Hamilton

^ ^ a n y  of you have asked about the preparation 

of special application tables. This is a somewhat sensitive 
subject that raises many issues , and I think it worthwhile 
to discuss. One issue is whether professional diving 
physiologists and decompression consultants should 
support the extreme exposure diving that some people 
want to do. Another is whether a calculated table is 
reliable enough to keep the user out of trouble.

When I first began working with the technical diving 
community, I was approached by several divers who told 
me what they were planning to do, and it appeared they 
would make up the tables themselves if I could not 
provide them. Thus blackmailed, and having the 
humility at least to realize that some of the more 
experienced high tech divers could easily construct a table 
as well as I could, I went ahead with it. With some 
trepidation, I might add. Fortunately, it has worked out 
well, and because of the excellent feedback and sufficient 
repetition I now am relatively comfortable with the 
process. Note, I do not view this business as "selling 
tables", rather it is a professional service provided to 
clients that includes the generation of tables. As you will 
see this involves much more.

^Jen era tin g  a special or custom table typically 

begins by finding out something about the client. The 
individual must be totally comfortable with gas and 
pressure physics and physiology, oxygen safety with 
regards to both the gas and understanding its 
physiological effects, gas logistics and decompression 
methods, as well as the technical and operational aspects 
of diving they're doing

The important thing to understand is that a reliable 
decompression table is not based on a formula alone. 
With today's state of knowledge, no matter what 
computational algorithm is used to produce 
decompression table, it's basis is still empirical; tables are 
based on field experience (data/ —ed) "what works, works". 
Although we have sophisticated computational 
methods—and they are getting better—there is a fair 
degree of judgement involved in incorporating the

experience of 
yesterday's dive 
into tomorrow's 
table. For that 
reason, table 
development is still 
something of an art 
that extends 
beyond the ability 
to solve 
exponential gas 
loading equations.

O n e  reason 

for this is the 
statistical nature of 

the process; it takes many, many dives to know anything 
at all about incidence rates inherent in a set of tables. For 
example, if an individual does five dives with no 
problems, this only means that at a 95% confidence level, 
the tables have a bends incidence of less than 50%. It 
takes literally hundreds ofclean dives to be sure the 
incidence is less than 1%. Even a couple dozen clean 
dives should not be greeted with too much confidence. 
This is especially true if many of these are not conducted 
for the full time and depth.

To help mitigate this situation, the relatively new 
technique of applying maximum likelihood analysis to 
decompression is making it possible to estimate the risk 
involved with a given table, based on a set of previous 
dives. In addition, guidelines have been developed for the 
development and validation of new and revised tables, 
and the ongoing management of existing ones, see 
Validation of Decompression Tables, Report 74(VAL) 1-1- 
88, the Undersea and Hyperbaric Medical Society, 
Bethesda, MD. Under these guidelines, tables based on 
documented experience can be introduced at the 
"operational evaluation" stage, if done with sufficient 
care.

The basic table computational methods used by most 
decompression consultants are still primarily Haldanian 
which uses compartments (commonly but 
inappropriately called "tissues"), exponential gas loading 
equations, and ascent constraints called M-values. 
Promising variations include bubble growth or bubble 
generation factors as well, but these too are usually fed 
by gas loadings. The Haldane method has it's defects, but 
is workable as long as one takes its weaknesses into 
account and stays sufficiently close to past experience i.e. 
what worked in the past. Personally, I prefer the "Haldane- 
Workman-Schreiner" method, which is a considerable 
advancement over Haldane.

O n c e  a formula is decided upon, it is necessary to 

consider other factors involved in decompression
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management such as the range and variation of gas 
mixtures and particularly oxygen management; oxygen is 
the key to reliable decompression. The table should take into 
account the oxygen tolerance limits of the diver, both 
central nervous system (CNS) and "whole body”. The 
rates of travel, gas mix changes, etc. should be included 
in the table as instructions where they are needed, as well 
as the accumulated decompression time, or “ decom time", 
as well as the “stop time" at each stop (for a discussion of 
decompression time management, see Decompression 
Strategies, M. Menduno, 
technical Diver 2.2 , Summer 
1990).

F o r technical dives, gas 

switches are usually 
determined by the specific 
dive plan. These are of course 
worked out in conjunction 
with the dive team. Once a 
basic operational approach is 
established for a dive, it is 
usually a relatively simple 
matter to make adjustments 
for the many factors involved 
such as extensions of depth 
and time, J-factors etc. 
However to consider all of 
these, check the process 
thoroughly, and be sure the 
user has the right instructions 
is not a trivial matter. For 
that reason, I feel it's 
important to label tables and 
the corresponding 
computations with a unique 
traceable basecase name, 
and I encourage others to do 
the same rather than just 
calling a table, the "DCAP g 
250/30” or the” Wakulla |  
tables . "That way the origin 
of any table or computation 
can be traced and reviewed, 
an otherwise time consuming 
task that can result in confusion.

J \ .n o th e r  important thing that I feel is necessary is 

to provide the user with instructions on how to use the 
tables. Although you obviously cannot tell the user 
everything he or she needs to know in order to perform a 
sophisticated dive operation requiring special tables, it is 
important that they include at least a description of each 
item on the table and how to use them. Finally, although 
it's not something that can always be enforced, I feel it is

Looking down from inside the "Habibag" decompression 
station (microbell) designed and used by Deep Breathing 
Systems.

important that clients agree to provide feedback as to the 
results of using a set of tables. The data we get from such 
feedback is valuable and allows us to continue to improve 
the methodology.

C jenera ting  special tables for a range where the 

parameters are familiar and there is sufficient available 
experience typically represents about a days work and 
can run anywhere from $200-500 and up depending on 
the supplier. More exotic tables, requiring the acquisition 

and analysis of specific data, 
takes a good deal more time 
and thus can cost a great 
deal more (often a couple of 
orders of magnitude more for 
the development of a full set 
of commercial or professional 
tables). Note the time it takes 
may bear very little relation 
to the value of the table, but 
it does have an impact on 
the cost.

N o  table or 

decompression method is 
completely "safe". In fact I do 
not even use that word in 
conjunction with 
decompression. It's wrong on 
several counts. First, no 
significant dive is free of the 
risk of decompression 
sickness. Second,DCS is not 
an accident; it happens and 
will continue to happen as a 
predictable part of diving. 
The dive team should plan 
for it, and in doing so can 
reduce the consequences to 
as near zero as 
possible.When DCS does 
occur, it can and should be 
treated promptly and 
adequately, and if this is 
done the chance of residual 

injury is quite small.
The real accidents that take divers lives are due to 

operational problems like running out of gas, getting lost 
or entanglement, not pushing a dive computer or 
running over a table. In my opinion this is where some 
current technical diving practices seem to be 
operationally inadequate.

Technical dives are operations. As such they should 
have a leader and or safety manager, planning, 
cooperation, and the predetermined ability to cope when
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KWD USS W ilk es  B arre T ab le  D epth: 250 FSW
R W H / BD 91M ay31 B o tto m  Tim e: 45 M IN
D159TO.H O 3 B o tto m  M ix: TX 17/50

B o tto m  PO2: 1.46 ATMDEPTH STOP D ECO MFSW TIME TIME MIXTURE COM M ENTS

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx xxxxxxxxxxxxxxx STOPS INTENTIONALLY OMITTEDxxxxxxxxxxxxxxxx xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx

00 00 00 AIR Descend To Bottom Comfortable00 00 T X 17/50 Rate Breath Trimix 17% O2, 50% He,250 45 00 T X 17/50 Balance N2, From Surface.Ascend140 02 04 T X 17/50 To First Stop At 60 FSW/ MIN,130 01 05 Tx 17/50 Rate 30 FSW/ M IN After First Stop.120 02 08 Tx 17/50110 03 11 EANx36 Breathe EAN 36% At 110 FSW100 03 14 EANx3690 04 19 EANx36

TOTAL T im e = 236 MIN
DECOM T im e = 191 M IN
OTU's = 299

30 33 114 EANx3620 27 141 Oxygen Breathe 100% O 2 , 20 FSW10 49 190 Oxygen To Surface00 00 191 Reach Surface

This is an example of a special table calculated for a 45 minute exposure at a maximum 
working depth of 250 fsw, using a trimix 17/50 (17% O2, 50% He, balance N£) bottom mix 
and an intermediate mix of enriched air (EANx36: 36% O2, Balance N2) and oxygen for 
decompression. The table was generated using the Hamilton Research Ltd. DCAP computational 
program with the Tonawanda II algorithm and the ascent-limiting matrix designated 11F6, 
without added "conservatism factors." Rates and gas switches are given in the Comments 
section, but a more detailed set of instructions should accompany a table of this complexity. 
Note the individual stop times and cumulative decompression times are included. The diver 
starts the clock upon leaving the bottom and leaves each stop at the time in the "DECOM 
TIME" column, and thus doesn't have to worry about individual stop .times. This is an easier 
way to manage a decompression than timing stops, it involves fewer chances for error, and this 
method enables a dive to be "reconstructed" at any time.For a dive with a planned bottom time, 
RUNNING TIME, which starts on leaving the surface is preferred by some technical divers.See 
Decompression Strategies, technical Diver 2.2, for a discussion. Note, the cumulative oxygen 
dosage, measured in oxygen tolerance units (OTUs) is also displayed. For a discussion see 
Reference #2 above.
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any step falls short. This means 
building in redundancy throughout; 
in equipment, extra gas for 
contingencies, extra oxygen on 
board, and ensuring that other team 
members, especially the boat captain, 
know what's going on and what to do 
if things don't go as planned. Having 
understanding and agreements before 
the fact, can go a long way to allay 
the consequences of a glitch in the 
operation.

1  echnical diving can also be 

risky. The divers assume this risk, 
fully and personally, but this does not 
justify taking unnecessary risks. 
Tricks like diving on air to 290 feet 
are selfish and irresponsible. The 
diver who does not get away with this 
may be the only one to die, but will 
not be the only one to suffer. 
Accidents reflect on all divers, and 
can set progress back in a variety of 
ways. If you want to keep pushing 
the envelope, fine, but do it 
intelligently with care and 
responsibility.

The decision to use special tables 
depends on the specific operational 
plan for the dive, whether special 
breathing mixtures or accelerated 
decompression methods are to be 
used, and whether or not a general 
purpose table is applicable. Whatever 
your decision, make sure that the 
tables you're planning to use were 
generated by a reputable supplier 
and are in fact, appropriate for the 
dives you're planning to do. It goes 
without saying that you should have 
the necessary experience, training, 
and equipment required for the 
operation in question. No matter how 
reliable, no table can make up for lack of 
judgement or the inability of the diver to 
carry it out.

Dr. R.W. Bill Hamilton is a diving 
physiologist and principal of Hamilton 
Research Ltd. with over 20 years of 
decompression management experience 
in the hyperbaric and aerospace 
industries. He can be contacted at 80 
Grove St., Tarrytown, NY 10591 Fax: 
914-631-6134.

Recommended Reading: 3. Hamilton RW, Kenyon DJ
1. Hamilton R.W. 1989 Dec., 1990. DCAP Plus: New Concepts In

Tolerating Exposure To High Oxygen Decompression Table Research. In:

"DCS is not an accident i it happens and will continue 
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team should plan for it, and in doing so can reduce the 
consequences to as near zero as possible/'.
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Marine Tech Soc J 23(4): 19-25
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Mix Primer
continued from page 9

to greatly slow descent rates with 
depth (from hours to days), providing 
the diver with time for pressure 
adaption. However this method is 
impractical for most deep dives. A 
method that is frequently used today 
involves counterbalancing the 
excitatory effects of pressure with gas 
narcosis. In this approach, nitrogen 
and sometimes hydrogen which cause 
narcosis at depth, are added in 
suitable concentrations to the basic 
heliox mix used in deep diving, to 
make rapid descents (compression 
rates) possible.

In term ediate or 
decom pression  mixes, usually one 
or more increasingly enriched nitrox 
mixtures, and sometimes air, are 
breathed during the decompression 
phase of the dive, prior to switching 
to oxygen at 20 fsw. The strategy here 
is to boost oxygen levels back up to an 
optimal PO2 of normally about 1.4 - 
1.6 atm during the decompression^, 
and to get off of the helium-based 
bottom mix as soon as operationally 
feasible by substituting nitrogen—a 
slower diffusing gas—for helium, to 
facilitate helium off-gassing and slow 
additional gas loading- For the profile 
shown in Figure 2., a single enriched 
air mix, EAN 36, is breathed from 110 
to 30 fsw before switching to oxygen 
at 20 fsw. For deeper and longer 
exposures requiring deeper stops, a 
series of mixes might be used, for 
example; air (from 220 to 150 fsw) to 
EAN 30 (from 150 to 80 fsw) to EAN 
50 ( from 70 fsw) to oxygen at 20 fsw.

Oxygen is normally breathed 
beginning at 20 fsw (PO2 =1.6 atm) 
to complete the decompression prior 
to surfacing, though it is sometimes 
used as deep as 30 fsw under special 
circumstances (Technical clivers are 
advised to limit the use of in-water oxygen 
to 20 fsw —ed). Often both the 20 and 
10 fsw stops are pulled at twenty to 
avoid wave surge in the case of open 
ocean diving, and to maximize the 
inert gas off-loading gradient. 
Generally in-water oxygen is 
recommended whenever a 
decompression exceeds about 20-30 
minutes and acts to open what is 
called an "oxygen window". Five 
minute "air breaks" are usually also 
taken every 25 minutes or so while 
breathing oxygen to decrease the 
divers sensitivity to elevated oxygen 
pressures and avoid CNS toxicity 
problems. Note that these breaks 
generally do not count towards the 
diver's decompression obligation 

unless calculated into the tables.
Oxygen is sometimes 

breathed on the surface as well, about 
two to three hours after long deep 
(beyond 250-300 fsw) trimix dives. 
Doppler bubble scores for this type of 
dive seem to increase for several hours 
after surfacing indicating potential 
decompression stress. Surface oxygen 
can also be used to shorten surface 
intervals and reduce time-to fly

Fig. 1 Anatomy of a Trimix Dive
(250 fsw for 30 minutes)

Runtime (minutes)

limitations, and has long been 
recognized as a requirement in 
treating dive injuries.

M ix O perations
It's important to understand that 

the improved safety and performance 
offered by mix technology comes at the 
price of increased planning, logistics and 
expense. Even though making a simple 
enriched air dive is as easy as air, and 
involves minimum additional 
training, requirements on a big dive 
including; planning and set-up, water 
skills, gas and gear management and

"The fundamental idea behind 
mix technology is to improve safety 
and performance by optimizing the 
diver's breathing gas aurinq various 

phases or the dive”

insuring adequate back-ups, can be 
significant and demand an 
experienced team, particularly for 
long and deep dives. Safety comes 
first.

Conducting a deep mix dive 
safely requires caution, special 
training, knowledge, understanding, 
the proper equipment, and practice— 
lots of it; the ability to manage 
multiple mixes, tanks and regulators 
requires it. With practice these aspects 
of the dive become "second nature" 
and the individual is able to focus on 
his or her specific mission and 
objectives.

Expense is also an issue; 
special mix diving costs more. However, 

the primary expense is usually in 
equipment investment, eg. tanks, 
regulators, exposure suits etc, which 
would be partly needed in any case. 
Gas is generally a relatively small part 
of operational costs compared to 
hardware, though it can be significant 
in open circuit technical diving 
operations (see The Case For Heliox). 
However this extra cost can usually 
be more than justified by the safety 
and performance it adds. Presently, 
enriched air fills in the U.S. are 
running about $8-14 per hundred 
cubic feet, while a trimix dive can cost 
$100 and up. If you think about it, it's 
a small price to pay for increased 
safety and the ability to do much 
more^.

As special mix technology 
becomes more available, we can 
expect to see improved and simplified 
methods, more consistent 
informational materials, standardized 
training courses, and more readily 
accessible supplies. Until that time it's 
wise to approach this technology with 
care, and work with experienced 
individuals and facilities who 
understand what they are doing, and 
have invested the time and money to 
do it right, and as safely as possible. 
When you come right down to it, 
that's what it's all about.

Michael Menduno is the publisher 
of the aquaCorps journal.

John T. Crea is president of 
Submariner Research Ltd., a diving 
physiology consulting firm that specializes in 
custom decompression table generation, 
special mix diving, and high tech set-up and 
equipment. He can be contacted at: PO Box 
1906, Bainbridge, CA. 31717. Fax: 912- 
246-9349.

Footnotes
1. Note that from a 

physiological perspective, it is the 
partial pressure of oxygen that's 
important, not it's fraction 
(percentage) in the breathing mix. 
Human oxygen limits are defined by 
partial pressures.

2.1n closed circuit systems, 
both the oxygen and diluent are 
mixed dynamically "on the fly" to 
maintain a constant partial pressure of 
oxygen called the set point. The inert 
gas used as a diluent, for example 
usually helium, can be switched 
during decompression through a 
special valve manifold on some 
systems or by using stage bottles.

3. The 1.4 - 1.6 atm seems to 
be reliable for decompression on
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Nitrogen (N2)

Inert Gas Summary

Helium (He) Neon (Ne) Hydrogen (H2)

Narcosis Narcotic beyond Non-narcotic Non-narcotic Narcotic at
about 100 fsw great depth

Decom Good on short More easily Fairly easy to Worse than helium
pression dives; slow to eliminated than eliminate on but better than Ne

eliminate on N2; longer deco long dives; fast or N2, biochemical
long dives on short dives on short dives deco plausible

Breathe Hard to breathe Easy to breathe Relatively easy Easier than helium
ability at depth to breathe

Thermal Low to average* High Average Very high
Conductivity

Voice Normal Large distortion Nearly normal Large distortion
Distortion

Cost & Lowest cost Moderate cost Very high cost Low cost/costly
Availability Readily available Fairly available Limited avail to handle

ability Readily available *
‘Compared to argon or CO2

surface-based scuba dives. 
Oxygen limits are generally reduced 
as the length of the dive increases. 
For example during long saturation 
dives the partial pressure of oxygen 
is usually set at around 0.4-0.6 atm 
during decompression.

4. Calculated on a $/diving 
hour basis, the added cost is 
insignificant in many cases.

Beyond The Flagroom
was used to negotiate the Crack, and 
carry divers to the pit area.

Bottom  Mix: Trimix 12/50 
(12% 02, 50% He, balance N2), with 
a maximum PO2 of 1.4 atm, was 
used on descent and for the working 
portion of the dive. Each explorer 
used approximately 500 cu.ft. of 
bottom mix on each push.

Decompression Mix: Air, 
enriched air 30 and 46, oxygen. Total 
decompression gas consumption: 
500 cu.ft per diver. Note that the 
enriched air mixes were supplied to 

divers via a high pressure surface- 
supplied system in order to solve 
the problem of carrying multiple 
decompression cylinders in "the 
Crack."

Procedures: Bottom mix was 
breathed on descent and during the 
working portion of the dive. First 
decompression stops were at about 
240 fsw. Air was breathed as a 
"safety hedge" from 200 to 140 fsw 
(Note: air use was not calculated in 
the tables-Ed.). Divers then switched 
to EAN 30 at 140 fsw (PO2 = 1.6 
atm), EAN 46 at 80 fsw (PO2 = 1.6 
atm), and switched to pure oxygen 
at 30 fsw (PO2 =1.9 atm). (Note: It is 
strongly recommended that in-water 02 
be limited to 20 fsw or less unless 
special training and operational 
precautions are utilized —ed). The 
remaining oxygen decompression 
was pulled at 20 fsw, inside the 
"habibag" decompression station. 
Total decompression time: 334 
minutes. OTU's: 555.

Tools: Runtime schedules were 
generated using the DCAP 

computational algorithm licensed 
by Deep Breathing Systems from 
Hamilton Research Ltd.

Repetitive Schedules: One 
dive per day. Individuals who were 
exploration divers on day #1, 
became support divers on day #2 
etc.

Special Considerations: 
Divers used argon for their dry suit 
inflation systems based on lengthy 
in-water times. The Habibag 
decompression station was 
positioned at 20 fsw to allow divers 
to pull both their 20 and 10 foot 
stops.

Surface Support:
Support consisted of two safety 

divers; one in-water diver and one 
topside. The topside support person 
was responsible for monitoring gas 
supplies provided to the divers by 
high pressure umbilical hoses.

Jim King is the president of Deep 
Breathing Systems, which focuses on 
exploration, surveying, mapping and 
technology development He can be contacted 
at DBS, P0 Box 4220, Sevierville, TN 37864. 
Fax: 61S-428-3446.
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inTribute

Parker Turner: An Exemplary Cave Diver
R.W. Bill Hamilton

O n  1991 November 17, veteran cave diver Parker Turner, 39, was killed in a freak flow reversal in a water-filled cave 

known as Indian Springs, located near Tallahasee in northeast Florida. While Parker and his teammate Bill Gavin were 
exploring deep into the cave a change in hydrostatic pressure caused the exit to be blocked. There is more to the story, but 
the important part is that it opened up a bit in time for Gavin to get to his next gas tank and out,* but it was too late for 
Parker. The geological forces at work that caused the phenomenon are under investigation.

My purpose is to say a word about Parker. I am not the person to classify his record of accomplishment as a cave diver, 
but I can talk about him as a person. Parker came to be a very close personal friend of mine. He got me into this cave diving 
business about five years ago as a decompression consultant, and he taught me the little I know about it. He constantly 
challenged me with planning for difficult missions, and occasionally fed my ego by calling me up with a question on diving 
physiology that 1 could answer. I welcomed his insightful stories, and learned a great deal from the questions and problems 
he posed.

Parker never finished college, but he was one of the most polished professionals I have known. He was an absolutely 
fabulous instructor. A born pedagogue, he had the right demeanor and attitude to teach how things should be done, as well 
as superb knowledge about what to do or not do. He taught well, and his students knew that. When a stranger calls me 
with a request, nothing he can say about his skill level does as much good as to tell me he was trained by Parker Turner.

Parker was extremely safety conscious. He was engaged in a dangerous sport, but he did it as well as it can be done —in 
fact it took something like an earthquake to do him in. When he and his companions went on one of their challenging 
penetrations 1 worried a lot about them, but I always felt confident that Parker was going to do it right. Parker was 
generous. He organized his resources in such a way that he could donate his time to the Academic Diving Program at 
Florida State University, supplemented by some teaching and funded projects. That is dedication.

Parker was a good family man. His passing leaves a big gap in his little family, but he loved them so much one did not 
actually have to watch him work to know how careful he was; he would never take an unnecessary risk because of them. 
Parker had a somewhat wry sense of humor. I knew that if someone in his world of diving did something silly I would get a 
most entertaining report about it. He was uncomfortable saying bad things about others, but he also had a rather low 
threshold of tolerance for incompetence or the lack of attention to safety by others; this led to some interesting discussions. 
He was terribly concerned when someone else did something stupid because he thought it cast the whole cave diving 
community in a bad light, all of which makes the irony of his death a lot harder to take. We are going to miss him a lot.

A Parker A. Turner Memorial Fund has been established and will provide support for graduate students doing work in underwater 
speleology. Contributions and information requests should be addressed to:, Parker A. Turner Memorial Scholarship, c/o Annette 
Weglinski, Florida State University, College of Arts and Sciences B-155, Tallahasee, Florida 32306
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when experience counts

You (soncountoniti

Ask about our "Onsite Workshops'
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Deep diving • Enriched air • Trimix • Specialty Courses

At Key West Diver we 
understand what it takes 
to make productive dives 
safely. We train for 
them. And with over 15 
years of deep diving 
experience behind us, 
nearly four with special 
mix gas, we can offer 
you a depth in training 
that few can match.

Whether you’re 
jumping off to 425 fsw 
or touring a midwater 
wreck, conducting a 
operation safely requires 
more than just theory 
and proper equipment. 
It's experience that 
counts. The ability to 
put the right 
information into 
practice. Good 
technique. Caution. 
Knowing what works. 
Contigency planning. 
And a realistic 
assessment of your own 
abilities.
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The Legal Risks 
of Technical Diving:

How To Protect Yourself
By Bill Turbeville

Scuba diving has come of age. From double 
hose regulators and “J ” valves to 
decompression computers and Aqua-Zepps, 
the qualitative nature of diving is advancing 
as rapidly as the quantitative expansion of 
the sport. Technical advances combined with 
our evolving understanding of hyperbaric 
physiology are enabling sport divers to push 
the underwater envelope deeper and longer 
than once thought possible.
But pushing this envelope not only leads to 
the greater challenges and rewards, but also 
to g reate r risk s . And 
these risks  are not 
lim ited to the obvious 
personal safety concerns. 
The litigious nature of our 
society does not end at 
the waters edge; nor do 
all sharks live in the sea. 
Scores of lawsuits are 
filed every year against 
dive industry p ro fe s 
sionals and, increas-ingly, 
dive buddies and dive 
club members.
This article briefly outlines some strategies 
to minimize the legal risks associated with 
diving in general and technical diving in 
particular.

An Ounce of Prevention

Obviously, the best way to avoid a lawsuit is 
to make sure that an accident never 
happens. For the diving professional involved 
in technical diving, this means being highly 
aware of who you are training or bringing on 
board. In the same way that a beginning or 
poorly trained mountain climber has no 
business challenging Everest or K2, the 
typical recreational diver has no business 
diving the Andrea Doria or Diepolder #2. 
Check their certification levels, review their 
log books - make a phone call to a known 
reference if given. Make certain the self
professed experienced diver is just that. Lots 
of divers can talk the talk, but can they walk 
the walk? Do they have the proper gear? 
More importantly, can they use it with the 
casual familiarity necessary to avoid panic in 
an emergency? What kind of physical shape 

are they in? A hung-over, overweight, middle- 
aged man with a cigarette dangling from his 
lips is a poor risk no matter how 
experienced. Someone who seems unusually 
nervous or tentative should be left on shore. 
Stress may be the leading cause of diving 
fatalities, according to recent reports from 
the University of Rhode Island, because it 
can lead progressively to panic. Failure to 
prevent an obviously nervous diver from 
diving is not an uncommon allegation in 
recent lawsuits.

The litigious nature of our society 
does not end at the waters edge; nor do all 
sharks live in the sea. Scores of lawsuits 
are filed every year against dive industry 

professionals and, increasingly, dive 
buddies and dive club members.

For the diving participant, this means 
knowing just who you have chosen to guide 
you on that rewarding but potentially 
hazardous adventure. Unless you are diving 
with one of the established names in 
technical diving field, such as a Billy Deans 
or a Tom Mount, you need to do your 
homework before ever getting wet. How long 
has this person been in the business? How 
long have they been pursuing advanced 
fields of diving? Do they make these dives 
themselves? How well are their facilities 
equipped? How well do they brief their 
charges before allowing the dive? Do they 
seem more interested in your money than 
you?Don’t be shy to ask very specific 
questions. It won’t matter one bit to you how 
rich your heirs may get from that operator’s 
negligence. And if you yourself are not really 
ready for the challenges of technical diving, 
remember Groucho Marx’s adage that he 
wouldn’t be associated with any club that 
wouldn’t have him as a member. So don’t be 
offended if your money is declined. Ask for 
recommendations on the training you 
need,get the experience, and come back

38 aquaCorps Journal

later.
For charter operators the same is true of all 
crew members. Are they competent for the 
demands of high-tech diving? Full CPR and 
first aid training is a must. Competence in 
the emergency administration of oxygen 
should be mandatory. Virtually every scuba 
lawsuit involving a failed resuscitation has 
some allegation of improper CPR/oxygen 
use. Make certain that there is plenty of 
oxygen with 100% delivery capability at the 
dive site with a full demand type regulator.

Positive pressure oxygen 
systems are fine if 
someone at the site has 
the EMT or better training 
necessary to use such a 
potentially hazardous 
system safely, but this is 
not always the case. Have 
a rescue and 
resuscitation plan ready. 
If the worst happens, 
don’t just react to events 
as they arise, anticipate 
what might happen and 

be ready to respond. Know where the 
emergency equipment is and how to use it. 
Know where the nearest chamber is located. 
Know how to contact the Coast Guard or 
other emergency agency for quick 
evacuation.
These preventative measures should be 
obvious to anyone interested in saving a life 
as well as avoiding a lawsuit. They should be 
part of any technical diver’s basic training. 
But no matter how professional an 
attempted rescue or resuscitation may be, a 
lawyer may find some “expert” to say it could 
have been better.

Preparing For The Worst

Because there is no way to completely avoid 
a lawsuit, the best that can be done is to 
place yourself in a position to quickly 
dispose of it, or, if unsuccessful there, in 
keeping your damages to a minimum. The 
secret to that is to minimize your liability by: 

1. Shifting the risk to the voluntary 
participant;

 

 
 

 
 

 



2. Limiting exposure; and
■LIFEGUARD SYSTEMS PRESENTS LGS EDUCATIONAL PRODUCTIONS, INC.

3. Insurance An A u d io v isu a l T r a in in g  C om p an y For T he E d u ca te d  D iver
Let’s take a quick look at some of the techniques 
to accomplish each of these.

Shifting The Risk

There is a common misconception that you 
“cannot sign away your rights”. Nonsense. Courts 
across the country have, to a decidedly increasing 
degree, found that properly drafted releases of 
liability stop lawsuits in their tracks. Nothing is 
more important to avoiding liability from a diving 
accident than a legally sufficient release. Even if 
you were not negligent, it could take literally 
hundreds of thousands of dollars to prove it 
should the case proceed to trial. The right kind of 
release could spring you early on from a lawsuit 
through a summary of judgement motion. In that 
type of motion, you tell the judge that even 
accepting as true all facts as alleged by the 
plaintiff (or decedent) expressly and voluntarily 
assumed the risk and released you from liability. It 
may not prevent a suit from being filed, but it 
could save you a fortune in costs and attorneys 
fees.
What is a legally sufficient release? In a nutshell it 
is one that:

1. Clearly and specifically releases you from your 
negligent actions;

2. Clearly, simply, and in a language the average 
person could understand, explains the risks 
involved to the person signing it;

Premiering With The Exciting And Essential...

SCUBA INSTRUCTOR READINESS
VIDEO SERIES

The 5 Volume- 
10 Hour Series 
will take your 
diving knowledge 
and skills to 
new depths.
It’s designed to 
assist anyone 
thinking about 
becoming an 
Assistant Instructor, 
Dive Master 
or Instructor, 
as well as assist 
Instructors in truly 
preparing their 
advanced students.

3. Was signed voluntarily with a full understanding 
of just what rights were being given to you;

4. Does not use small print or “boiler plate” to 
obscure any material portions;

5. Was not signed as a group waiver, but was 
directed individually to each person who signs;

6. Was given to the person who signed it well 
ahead of the dive a “cooling off” period is needed 
so that those who would back off have an 
opportunity to do so. Do not expect a release 
given to someone on the boat to work; and

7. Does expressly absolve all persons or entities 
involved from liability.

VIDEO SET INCLUDES:
•Teaching Concepts ’Physics •Physiology •WaterTraining:Confined & 
Open Water «Dive Tables *High Altitude Diving *A basic introduction 
to PADI or NAUI Instructor materials ’Workbook/Guide (200 pages/ 
10 chapters) including: Equipment & Environment.

Make sure that not only the shop owner, but the 
captain and crew, the boat, the corporation—  
everyone involved in any way in the dive— is listed 
on the release.

If these guidelines are followed, recent decisions 
in California and Florida suggest that the lawsuit 
may never make it to the jury. And even if it does, 
a signed release can be very persuasive to those

For More Information Contact: 
Lifeguard Systems at PO Box 548, Hurley, NY 12443 

Or Visit Our Booth at DEMA

© 1991 LGS Educational Productions Inc. ALL RIGHTS RESERVED
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Underwater 
Communication is 
more than 
just talk
A lot more. It's the ability to 
communicate status, location, an 
emergency, or to simply better 
coordinate your team. And that's 
just the beginning. That's why 
communications has become a 
standard among commercial and 
military divers, and why you 
should consider a Dive Comm 
wireless system for your diving 
needs. At a cost per-diver 
comparable to a dive computer, 
you can do more than just talk.

Systems options:
• Complete surface to diver, diver to 
diver and video Single Side Band 
systems
• Full range of mask and battery pack 
options
• Custom configurations

fellow citizens on the jury.The question of release 
forms is more complicated than this thumbnail 
sketch, and will be the topic of a future aquaCorps 
article. You should speak with an attorney, 
preferably one versed in diving law, before putting 
one together.

Limiting Exposure

Limiting exposure means, for all practical 
purposes, incorporation. If you plan to sponsor or 
teach technical diving, even if you are not charging 
for your services, you should be doing it through 
the auspices of a corporation. The fact that you 
supply the gear, provide access to the dive site, or 
even come up with the idea of the dive could 
subject you to liability should something go wrong. 
Make certain the corporation is not a "shell,” all 
the formalities must be followed in both setting up 
and running the company. If you have a boat or a 
lot of expensive dive gear you want to protect, 
have the corporation rent it from you, but make

11720 Sunrise Valley Drive Reston, Virginia 22091 
(703) 620-1809

INSIST ON THE BEST!

There is a common 
misconception that you 

“cannot sign away your rights”. 
Nonsense. Courts across the 
country have, to a decidedly 

increasing degree, found 
that properly drafted releases of 

liability stop lawsuits in 
their tracks

AQUA QUEST PUBLICATIO NS  
Dive Travel Guides

Comprehensive ■ Deluxe Color ■ Up-to-Date

Available at your local
Dive Center, Book Store, or from the Publisher

CALL FOR A CATALOG OF DIVE BOOKS

sure the money actually changes hands. Do not 
allow sloppy attention to procedure to allow a 
sharp plaintiff’s lawyer to "pierce the corporate 
veil” and get at your assets in case of an adverse 
judgement.

Insurance

Insurance is the logical way to manage risk; that is 
specifically what it’s designed to do and in fact 
has been done since the middle ages. The 
problem is that most insurance companies that 
would even consider insuring scuba activities, stop 
their coverage at 130 feet— the depth of a first or 
second decompression stop on many high tech 
dives! Many homeowner’s policies have a water 
sports exclusion that disallows coverage for any 
divingrelated activity, though virtually none will 
cover any sort of commercial activity. This is a 
difficult question without an easy answer. The best 
you can do for now is ask an experienced agent to 
look around for you. If you can find insurance at all 
it will not be cheap.
Professionals will have to look for commercial 
coverage. For the non-professional, a good 
homeowners policy may give you some coverage, 
but never assume that it does. Carefully check 
your policy for exclusions. Ask your agent if you 
have any questions at all. Try to get a commitment 
in writing, but do not expect compliance with such
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a request. Most agents are loath to given written 
assurance of coverage on such a questionable 
issue. Try writing the company directly instead. That 
will also avoid any question of the agent’s capability 
of binding the company.

If The Worst Occurs

So what should you do if, after following all this 
good advice, your dive customer or partner makes 
his last dive a one-way trip to Davey Jones’ locker? 
A lot. First, never discuss any wrongdoing at the 
scene of the accident. Do not say “if only I had 
done this or that”, even if that is exactly what you 
are thinking. First of all, you really don’t know if you 
are to blame. Everyone feels some sense of guilt 
when an accident happens in a dive group. Second, 
the law treats such a statement as a legal 
admission, not subject to the normal hearsay 
exceptions. What you say can, and probably will, be 
used against you. So keep your mouth shut to all 
but official investigators and your insurance 
company, if any.
Second, have your attorney get sworn statements 
from every person involved in the dive. If it was a 
boat dive, that means the captain, divemaster, and 
every single other person on board. Sworn 
statements are taken only after your attorney talks 
to each person separately, and finds out what 
questions to ask before going on the record. That is 
the best way of getting favorable testimony on 
record before relatives of the “dearly beloved” come 
looking for your “deep pockets.” Also, make sure it 
is your lawyer taking the statements, and not you or 
a friend. If taken in anticipation of litigation by your 
attorney, they may not be easily “discovered” by the 
opposite side, due to the attorney-client and work 
product rules.

Third, avoid speaking to the press to the extent you 
possibly can. If you feel you must make some 
comment, limit it to a general regret over the fact 
that the accident happened. Your case, if a lawsuit 
is filed, should not be tried in the media.
Fourth, get copies of all accident reports, medical 
examiner findings (if a fatality), and any other 
documentation prepared by any official or unofficial, 
(i.e., newspapers) investigators. Locate and 
safeguard the release form you fortuitously had the 
victim sign.
Finally, notify your insurer as soon as possible. 
Some policies carry a waiver if the carrier is not 
notified within a certain amount of time of an 
accident. So look it up before an accident and know 
when notice must be given.

If A Lawsuit Is Filed Against You

The release voluntarily signed well before the dive, 
is your line of defense. It won’t save you the 
expense of hiring a lawyer, but it can make his or 
her job much simpler, and cheaper. Move for 
summary judgement as quickly as possible. Try to 
short circuit the litigation by showing the court’s 
satisfaction that the injured or dead diver knew 
what he or she was facing and expressly and 
voluntarily assumed all risks involved in the sport.

Dreaming About Fun in
RESORT DIRECTLY ON THE ©EACH

The SUN? ûlWlrat
RESORT DIRECTLY ON THE ©EACH

j qaFCPT—
SLEEK, FAST, AND STABLE

RESORT DIRECTLY ON THE BEACH

SINGER ISLAND. FLORIDA

Directly on one of Florida's most beautiful beaches. 
Great snorkeling on reef right off our beach. 
Ocean view rooms with private terrace. 
Refrigerator in all rooms 

Complimentary coffee 7-10am.

Efficiency rooms upon request.
• Tiki Bar at pool with relaxed tropical atmosphere.

• Close to area shopping.

• Great diving, wind surfing & sailing off our beach.
• Virtually any other vacation activity can be found 

within minutes of the property.

3730 North Ocean Drive, Singer Island, Florida 
407 848 6621 .  1-800-348-SWIM

Specializing in deep 
adventure diving since 1955. 

(407)848-7632

EXTREME 
DIVER PACKAGE 

$45— 1/2 Day 
$90 —  Full Day

Call for details 
and to book in advance.

OCEAN DIVING 
SCHOOLS 

Home of the South 
Florida Extreme Divers.

(305) 943-3337

SOUTH EXTREME than a dozen huge (400 foot
DIVING ■ long p lusj>ecks beyond T“

You begin at Frank's, one of feet deep, all are loaded v- ”  ...‘           : OiW-

Trimix, enriched air r 
and pure oxygen are c

------- ----------- - ’ - —  - ■ —  '■ • — 7 — ■ ■ — — • ------- ---  —  — ~  

the original legends of Palm BIG fish. 
Beach diving. He’ll take you to a 
three mile long ledge running 20 
to 50 feet off the bottom at / 
depths between 185-230 fsw. 
Drift north with a 1 1/2 mph 
current, funnelled between this 
reef and it’s deeper offshore 
twin 100 feet farther out. All 
around you will be a profusion 
of marine life and deeper water 
pelagics which few divers have 
ever experienced before. 
Explore shipwrecks between 
235 and 260 feet deep, caves 
with sleeping Bull sharks at 150 
feet, and enjoy some of this 
hem isphere ’s best 120 foot 
deep lobster diving.

NEXT, you'll take your "deep 
diver referral card” from Frank's, 
and spend the next week on 
Reef Cat, diving one of more

00 
ith

ilable 
but arrangements should be 
made prior to your trip. Rates 
for both Frank's and Reef Cat 
are: only $45 per person per 
half day trip (6 person minimum) 
and generally including a deep 
dive and a second shallower 
dive. These trips are booked 
Monday thru Friday. Extra 
charges may apply.

Saturday and Sunday trips 
are available as whole day long 
charters for $90 per person (8 
person m inimum). You are 
allowed to dive virtually as many 
sites as you wish between 8:30 
am and 5pm. Experienced 
divers only.

u.

PAID ADVERTORIAL
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If summary judgement is denied on the 
basis of the release, save it for the jury. 
But move again for summary judgement 
on the issue of damages if the diver was 
from a commercial dive boat. Depending 
on where the accident occurred, either 
the Death on the High Seas Act (for a 
fatality more than 3 miles from state 
territory) or common law admiralty law (for 
most commercial boat diving trips) may 
apply. The use of these federal law 
doctrines can limit the total amount of 
damages recovered by the plaintiff - 
significantly so in the case of the Death 
of the High Seas Act.
There are obviously many other litigation 
strategies available in the defense of a 
diving lawsuit. Far too many to be

If the technical diving community is to thrive, it must have a 
pro-active approach to legal liability, not a reactive posture of 

simply defending each lawsuit on its individual merits.

discussed in this brief overview. Just 
make certain that if it becomes necessary 
to consult with or (heaven forbid!) actually 
hire a lawyer, that your lawyer 
understands the issues involved in diving 
litigation. A death on the U-853 is not the 
same thing as a slip and fall in your local 
supermarket.
Fear of litigation ha kept many useful 
products and techniques out of this 
country for years. With a little preparation 
and luck we can avoid that fate here. If

the technical diving community is to thrive, it must 
have a pro-active approach to legal liability, not a 
reactive posture of simply defending each lawsuit 
on its individual merits. Through the types of 
techniques touched in this article, liability 
concerns will not stand in the way of pushing 
underwater envelope back further.

Bill Turbeville is an attorney with Hruska & Lessor, 
specializing in diving law. He can be contacted at 
649 SW Second Street, Boca Raton, Floridaj 
33486

"Mother nature provided the planet earth with a 

nitrox atmosphere known as air. She never said it 

was the best breathing mixture for diving. As in 

many other fields of endeavor, humans have used 

their knowledge of natural laws to go one step 

beyond what nature has provided them."

J. Morgan Wells, Ph.D

International Association of Nitrox Divers Inc.
490 Carribean Drive, Key Largo, FL 33037

305-451-2551

Nitrox Training • Manuals • Instructor Development

WOWins 
tore Travel 
xemption

Wl Blocks 
1st Start

Industry Gaining 
Despite Slow Economy 

"Retailers report a slight gain in Ju n e  sales 
ivhile preparing fo r  a m uch hoped fo r  boost in b uying as 

the sum m er season moves into fu l l  s w in g ."

A Safer Diver's Card
HAS COMPLETED SafeAir© N2/O2 CERTIFICATION

74 W oodcleft A ven ue, I- (5 16 )5 4 6 -2 0 2 6  
F reep ort \ Y  11520 F ax 516-546-6010  

____________________________________________/

Shouldn't 
this be your 
next card?

If your business is
diving you should be
reading the Sport Diver 
Trade Journal for

DIVE LONGER AND SAFER WITH

SafeAir

information concerning 
who, what, where and 
the how of the industry. 
Be high tech and in 
touch.

Call ANDI for the name and address 
of your nearest ANDI Training Center and 

SafeAir Fill Station

Subscibe to four issues of the 
Sport Diver Trade Journal. Send 
$10 to Sport Diver Publishing 
Group, 590 SE 12th St., Suite 
301, Dania Beach, FL 33004.
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environmentalist
Team Doria, 91 June, 
R.V. Wahoo .Max 
Depth: 254 fsw.
Runtimes from 90-150 
minutes over three 
successive dives. 
Temperature: a 
chilling 48 degrees. 
Diving gas: trimix 
17/50, EAN 36, 
oxygen and an 
argon suit inflation 
system.

No matter what the diving environment, DUI is there. From 
pipeline tie-ins 1650 feet down, to teaching "Coldwater I" 
in 30 fsw. Where safety and performance are what matter 
at the end of the day. DUI thermal protection systems. 
Tough. Rugged. Flexible. Warm. Spirited. And suited for 
the environment. Are you?

D iv in g  U n lim ited  In tern atio n al Inc.
Creating Performance Technology 

1148 Delevan Drive San Diego, CA 92102-2499

1-800-325-8439
Call or Write For Our Free Catelogue
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Oil Free Business
by Michael Parker

One of the issues imbedded in 
the controversy over diving with 
oxygen enriched air is a matter of 
pumping gas. Air considered 
acceptable for breathing may contain 
too much oil vapor for it to be 
acceptable for mixing with oxygen to 
make enriched air. Likewise, 
compressors which can pump 
compressed air acceptable for 
breathing are not necessarily safe 
for use with enriched air mixtures. 
Filtration can clean gas sufficiently 
well, but only if the correct filters are 
used and they are properly sized, 
installed and maintained. Experience 
shows that this is rarely done 
correctly on an ongoing basis. One 
way to ensure that air or enriched air 
is clean is to use a compressor that 
does not allow the gas stream to 

come in contact with oil. RIX 
Industries Inc., manufactures such 
compressors. Some thoughts on 
their use are contained in the 
following article from Mr. Parker, 
RIX’s vice president for marketing. 
RWH

The explosion blew a large whole 
in the ceiling. Had anyone been in 
the apartment upstairs they could 
have been seriously injured by the 
shrapnel. The old, warn-out, ex
military compressor had exploded 
almost blowing the head off the dive 
shop owner. After a few days his 
hearing came back and the flesh 
wounds began to heal. Such is the 
condition of high pressure 
compressors in all too many dive 
shops around the world.

This incident took place in 
Berkeley, California a few years ago. 

It was not a RIX compressor. It was 
an old used oil-lubricated, air-cooled 
compressor that was never intended 
for breathing air use. The owner was 
not trying to pump nitrox, he was 
pumping air. Had an enriched air 
mixture been introduced to this 
compressor the results would have 
been even worse.I hate to speculate 
on the outcome had air from this 
machine been mixed with pure 
oxygen.

RIX industries is a compressor 
manufacturer with many years of 
experience in engineering, designing 
and manufacturing compressors for 
many different kinds of breathing 
gasses including air, enriched air 
(nitrox) and pure oxygen. We define 
these gasses as follows; ambient 
air: 19-21% oxygen, enriched air 
(nitrox): 22 - 50% oxygen, and 
oxygen: 51 -100% oxygen. We build

W® hw ®  ff©? Dc/iibl a
(Except Tanks and Valves)

Contact you local Dive Rite Dealer or write for you Free Wings Brochure

DIVE RITE MFG., INC., Route 14, Box 136, Lake City, Florida 32055 
Phone (904) 752-1087 or FAX (904) 755-0613
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high pressure compressors for each of 
these gasses; each of these compres
sors are different.

First, they are all oil-less or oil-free. In 
our opinion any compressor that allows 
lubricating oil to come in contact with the 
air (or gas) stream is not suitable for 
compressing breathing air (or mixed 
breathing gas). Oil-lubricated 
compressors heavily contaminate the air 
stream with lube oil and gaseous 
contaminants caused by the 
decomposition of lube oil. These 
contaminants must be removed before 
the air can be used for breathing.

A new compressor with a properly 
designed separation and filter system can 
do a fairly good job of removing lube oil 
contaminants. As compressors age they 
pass more oil, run hotter and 
contaminate the air more, causing a 
higher reliance on the filter system to 
clean-up the bad air. In all cases, some of 
the lube oil contamination passes 
through the filter system. Build-up occurs 
in the piping, storage cylinders and tanks 
causing a film of oil. Should pure oxygen 
come into contact with this oil, the 
results could be fire, an explosion, or 
generation of toxic gaseous 
contamination of the breathing gas.

It’s been pointed out that some of the 
manufacturers who say it’s okay to use 
lubricated compressors for breathing air 
will not allow the air from their 
compressors to be used to mix with pure 
oxygen to make nitrox; there is too much 
lube oil contamination in the air to safely 
mix with oxygen. The implication seems 
to be that it’s okay to breathe this 
contaminated air, but not okay to mix it’s 
with oxygen.

Air, as a gas, is relatively stable, even 
at high temperatures and high pressures. 
The higher the oxygen content of any gas, 
the more unstable it becomes when 
under increased pressure and 
temperature. Pure oxygen is highly 
unstable in comparison to air.

Compressors used for oxygen service 
are very different from air compressors. 
Simply being “oil-free” isn’t enough. 
There are a great many differences 
between an “oil-free” air compressor and 
an “oil-free” nitrox or oxygen compressor.

Oil-lube compressors should not be 
used for enriched oxygen mixtures.

World's Smallest Hi Band 
U/W Video System!

...on ly 6.5 lbs and rated to 150' dep ths

System Feaimesi
• Easy to use- Auto Macro-focus + manual overide & zoom
• 400 line resolution, 2 LUZ low-light & many special effects
• All glass interchanbeable optics inc. precision dome port
• Rugged polyurethane construction with locking s/s latches
• Electromagnetic controls: NO penetrators or leaky O-rings
• Optional 3” color LCD monitor, U/W Lights, HiCap. battery

Ask about our incrediable 3 year warranty- first year totally "Fault-Free"! Housings available for most camcorders, 
complete U/W systems including camcorder starting at $1395.00... Call for Catolog!

O U E i u  Marine Video
23382 Madero Road #C, Mission Viejo CA 92691

PH (714) 855-6376 Fax (714) 855-4609

Nature has developed an incredible set of springs here 
on Ginnie Springs, with great volumes of fresh crystal 
clear water flowing from two of the world's finest 
cavern and cave dives.
Ginnie Springs is the ideal place for a training 
program because of the variety of dive sites making 
travel unnecessary, all the springs have large decks 
making for easy access into the water and two large 
bath houses making a warm comfortable shower 
possible.
Among Diving facilities Ginnie Springs stands alone. 
While catering to all levels of divers we have a large 
diving & cave diving product line, many diver training 
programs, classrooms, a full service Dive Center, a 
country store and much more

Sound Good ? For more details call and we will send our packet of information 
outlining our rates( individual, group, instructor);our training programs; or our 

diver camping!hotel packages, (reservations & special requests too)
Ginnie Springs Resort 7300 NE Ginnie Springs Rd.High Springs,FL.32643

1(904)454-2202 1(800)874 8571
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N o w !  pure BREATHING

AIR
To 5000 PSI • 2 to 875 CFM

THE SAFE, RELIABLE, OIL-FREE WAY
Unique RIX oil-free design 
eliminates lube oil contamina
tion. In industrial and military 
use for more than forty years. Proven 
by continuous duty around-the-clock 
operation at pressures to 5000 PSI 
and above. Made in the USA. 
Brochure available.
RIX INDUSTRIES 
6460 Hollis Street 
Oakland, CA 94608 
Phone510-658-5275
FAX 510-428-9102

HIGH 
PRESSURE COMPRESSORS

H IG H -T E C H  D IV IN G : 
P u ttin g  It  A ll T o g e th e r.

Nitrox, Oxygen, Heliox, Trimix, Oxygen Clea 
Decompression Tables, Booster Pumps, 
Pressure Gas Equipment. Underwater Apj 
tions Corporation Integrates These Concepts 
Equipment To Expand Your Diving Limits — I 
ly. Easily, And Economically.

If You Are Interested In Deep, Decompressio 
Mixed Gas Diving, We Can Put It All Togethe 
You — At A Price You Can Live With.

> Gas Mixing And Analysis Equipment
> Custom Decompression Tables
> Specialty Diving Equipment

For brochure and price list, call or write:

U n d erw ater A pp lications C orporatlor 
H ig h -T ech  Diving Specialists  

42 7 -3  A m h erst S treet, Suite 345  
N ashua, N ew  H am pshire  03063  

(5 08 ) 433-6586

Because of the unstable nature of 
oxygen, many other considerations must 
also be taken into account in the design 
of an enriched air or oxygen compressor 
that do not necessarily have to be 
considered in air compressors. Piston 
speed, compression ratio, gas passage 
design, operating temperature, 
component materials, component design, 
manufacturing procedures and oxygen 
cleaning must all be considered. Pure 
oxygen will burn anything, including 
stainless steel. All components in an 
oxygen compressor must be contaminant 
free. Proper valves, fittings, “0 ” rings, 
gaskets, lubricants, etc. must be suitable 
for oxygen service.

When compressing oxygen enriched 
air (nitrox) mixtures, the compressor 
must be suitable for limited oxygen 
service. There is no guarantee that the 
compressor will not be exposed to pure 
oxygen during the mixing process. 
Therefore, the compressor must be 
capable of processing limited amounts of 
high concentrations of oxygen for short 
periods of time. This dictates that 
enriched air mixture compressors be 
dedicated for enriched air mixtures only, 
and be oxygen compatible and oxygen 
clean.

Nitrox compressors should be 
certified by their manufacturers as 
suitable for compressing the gas mixture 
that they will be used for. Oil-free air 
compressors are not certified for 
enriched air use unless they are 
specifically manufactured for that 
purpose and certified by their 
manufacturer for enriched air use. This is 
done on a compressor by compressor 
basis and is not applicable in general to a 
“type” of compressor or a “model” of 
compressor.

Very few, if any, dive shops today are 
using nitrox certified compressors for 
compressing oxygen enriched gases. In 
doing so, they are taking risks they do not 
know about and do not understand. 
Regrettably, most of them learn the hard 
way only after an accident. It’s a hard way 
to learn.

Mike Parker is the Vice President of 
marketing at RIX industries. He can be 
contacted at: RIX Industries, 6460 Hollis 
St., Oakland, CA 94608. Fax: 415-428- 
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Technical Diving: 
Does PADI Have I t ’s 
Head In The Sand

by Drew Richardson

For a number of years, PADI has 
designed educational programs to train 
people to safely enjoy scuba diving. 
Improvements in the design and function 
of diving equipment and teaching 
methodologies, combined with effective 
marketing efforts, have helped scuba 
evolve from a sport only a few elite and 
aquatically physically fit people could 
participate in, into a recreation that 
welcomes people of all ages, shapes 
and sizes. Things were not always this 
way.

Many years ago, divers measured 
their abilities in terms of maximum 
depth, decompression obligation, and 
size of game taken.

Brawn was the sorter of “menfish," 
and diving was not for everybody.ln some 
circles these types of measurements are 
still in place today, although for the most 
part, the years have tarnished the appeal 
of these status symbols. Today, you are 
more likely to see exotic travel, aquatic 
awareness and underwater photography 
dominating the conversation of 
recreational divers. Typically, the 
recreational scuba diver is one who 
enjoys a relaxing no-stop dip in the 
shallow depth ranges. As a result of this 
shift, the public image of the dive 
explorer is being redefined. The elitism 
of deep, decompression, mixed gas 
diving has become a minority compared 
to the social diver who enjoys scuba 
diving along with other recreational 
lifestyle activities.

During this industry metamorphosis, 
a community of non-recreational or 
“technical” divers has quietly existed. 
Technical divers have practiced their art 
effectively on the sidelines and outside 
of the definition of recreational scuba 
diving. Many excellent developments 

and improvements have emerged 
from within its community. As an 
example, the cave diving community took 
the initiative to provide the education 
and training necessary for individuals

In the interests of diving 
safety PADI supports 
education of this nature. 
We feel that it is better to 
provide training and 
educational standards than 
allow divers to learn 
through discovery 
methods.

interested in this activity. By definition, 
cave diving is not recreational diving, and 
so a training niche was created for 
individuals with specialized expertise in 
the methodology of safe underwater cave 
exploration. With an increasing safety 
record, this community is to be 

$20 T-shirt Shipped to your door
Send your check or money order including your mailing address to:

Key West Diver Inc.
M.M. 4.5, US1 Stock Island, Key West, FL 33040

1-800-873-4837

applauded for these efforts.
In the interests of diving safety, PADI 

supports education of this nature. We 
feel that it is better to provide training 
and educational standards than allow 
divers to learn through discovery 
methods.

Other communities of technical 
diving have been less clearly defined. 
Pockets of specialized expertise in diving 
practices well beyond the realm of 
recreational diving as we know it have 
existed safely for years.

Within the past year or two, 
however, a great deal of consumer press 
has been given to air depth records, 
decompression, and diving with mixed 
gases including enriched air. PADI found 
itself in the position to publicly 
emphasize its scope and mission to 
provide training to the general public for 
safe air diving within the no stage 
decompression arena. As a result, in 
1989, we issued policy statements 
concerning deep and decompression 
diving, which we view as being beyond 
the scope of recreational diving, and on 
the use of enriched air nitrox.

It should not be perceived that PADI 
is against individuals who engage in this 
type of activity. PADI acknowledges the 
risks of technical diving can be managed
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The LightAt TheEnd of TheTunnel
"For all your 
technical lighting 
needs"

Rt 3, Box 54, Greenville, Fl 32331 (904) 945-3311
Dealer Inquiries WelcomeThe High Spec DrysuitBY TYPHOONWear it as much or as little as you like to suit ambient temperature. It's lightweight reduces fatigue and the design gives maximum comfort and freedom of movement in a way that no other suit can match. And offers an array of fittings and accessories suited to your application.

For People Who Are Serious About DivingBellingham Dive and Travel2750 West Maplewood, Bellingham, WA 982251-800-338-6341

safely with proper training and equipment. 
However, PADI does not feel that technical 
diving has mass appeal and it is certainly not 
for everyone. Technical divers are now 
recognized as a distinct community and are 
supported by a publication. PADI is supportive 
of this distinction between recreational diving 
and technical diving.

PADI is interested in marketing recreational 
diving broadly and safely. Our sophisticated 
educational program is backed by a competent 
quality assurance program. PADI feels the 
proper controls over the conduct of training 
recreational scuba diving on air are in place. 
We are not convinced however that the controls 
for certain technical diving activities are in 
place. All technical diving areas have increased 
risks when compared to recreational diving. For 
example, enriched air nitrox diving relies on an 
accurate percentage mix of oxygen to nitrogen. 
However a problem exists in that the 
mechanisms of control for it’s widespread use 
in the recreational field are not in place at this 
time. The same can be said of deep diving and 
the use of other special diving gases.

Concerned industry officials exercise 
caution to discourage the widespread 
marketing of technical diving as a trend or 
measure of diving ability to the recreational 
diving consumer. To avoid inviting trouble, 
technical diving should not be competitively 
positioned as the mark of a real diver.

There appears to be an emerging segment 
of people interested in technical diving. One 
has to ask, are these people who have become 
bored with plain old recreational scuba diving? 
Scuba divers don’t need PADI’s permission to 
engage in diving beyond the scope of 
recreational definitions, and PADI will not stand 
in the way of this type of diving. PADI respects 
the individual’s right of self-determination. 
However, the individual diver must be aware of 
the risks associated with technical diving and 
accept these risks as an individual.

It serves little to criticize deep air divers or 
conversely ridicule the recreational diver who 
dives shallower than 130 fsw/40 msw. 
Continuing educational philosophy applies 
equally to both the recreational and the 
technical diving communities.

PADI, along with other recreational diver 
associations, have been criticized publicly and 
accused of “burying our heads in the sand” 
over the so called “real issues” of the day. 
PADI has been challenged to reexamine depth 
limits, diver training and community 
responsibility. I suggest that PADI has been 
doing just that the last several years with 
tangible results. PADI is in the business of 
diver safety.We have reexamined our scope and 
approach to diver education targeting the 
majority public interested in the adventure of 
recreational scuba diving. PADI will also
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continue to encourage individuals involved in 
the promotion of technical scuba diving field 
to follow the model the cave diving 
community initiated in providing a pathway for 
interested individuals to train. This involves 
educating the diver to the risks they are 
taking, not marketing trend appeal with 
regards to gas mixtures or depth limits. It 
would be a step backwards to motivate 
people to engage in technical diving for 
reasons of ego, competition or as a measure 
of diving ability.

PADI will remain objective and open to 
developments in equipment and technology 
in our educational offering to the general 
public. Our role in the future will remain as 
the market leader of safe recreational scuba 
educational programs.

Reprinted with The Undersea Journal, 
Fourth Quarter 1991

Drew Richardson is the Vice President of 
Training and Education at PADI. He can be 
contacted at; PADI, 1251 East Dyer Rd. 
#100, Santa Ana, CA 92705. Fax: 714-540- 
2609.

PADI’s Position on Enriched 
Air Nitrox Diving

PADI Headquarters does not sanction 
gas mixtures other than air for recreational 
scuba diving at this time. It is viewed as a 
highly specialized diving activity, requiring 
specific training and special tables.

Enriched air nitrox and gas mixtures 
(other than air) have a variety of safe 
applications within many contexts (for 
example, scientific diving, commercial 
diving and recompression therapy). 
Because these specialized applications 
have not yet been widely adapted to the 
needs of recreational diving, PADI does 
not feel that their use has broad 
applications at this time for recreational 
diving. Many safety concerns exist with 
regard to enriched air nitrox use. We 
realize that with proper supervision, gas 
mixture, training, dive planning, tables and 
other necessary factors, enriched air can 
be used safely. Used improperly, it can be 
very dangerous and life-threatening.

PADI feels that the parties who offer 
enriched air training bear responsibility for 
expertise and control of safety and 
conditions. PADI certification and course 
sanctions apply to air diving and air tables 
only. PADI does not sanction enriched air 
nitrox nor accept liability for enriched air 
nitrox certification courses.

Professional Scuba 
Association Inc.
Advanced Deep Diving Certification for 
Instructors, Dive Masters, and Divers!
Benefits of taking Advanced Deep Diving from our School

When we say deep diving we don't mean to say that 
you should dive 130 fsw deep. Depth is a relative term. 
To some people and in certain diving conditions deep 
may be 40 or 60 feet. When the water is clear and 
warm, like the Florida Keys or the Bahamas, deep may 
mean 100 feet or more.

Taking our Professional Advanced Deep Diving 
Course will teach you how to handle the "What ifs" 
during deeper diving conditions. Sure, some divers with 
just open water training dives say, "I went 110' deep 
with my buddy and we did just fine, so why should I 
take a deep diving course?" We always ask, “Do you 
think you or your buddy could have handled a stressful 
situation or could either of you have saved your buddy 
at that depth in an out of air or narcosis situation?”

Level Depth Dives
(max)

Certification

I 100 2 PSA
II 130' 2 PSA
III 150' 2 PSA
IV 180' 2-3 PSA
V 200’ 2-3 PSA
VI 240' 2-3 PSA
VII 300' 3 PSA

We also specialize in training dives for the 
Andrea Doria and the Wilkes Barre!

Hal Watts, (Mr. Scuba), Founder of PSA, invites 
you to try a unique diving experience at Forty Fathom 
Grotto in Ocala, FL. The Grotto is now available 7 days 
a week with advance reservation. Just call Elton at the 
Grotto (904) 368-7974 or you can call the shop in 
Orlando to make reservations.

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

(407) 896-4541
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Deep Diving: An Advanced Guide to 
Physiology, Procedures and Systems

Author 
Bret Gilliam 
and tender 
operating 

Ocean Tech 
chamber 

aboardship.

The first book to span the depth between traditional 
sport d iving books and the complex medical/commer- 
cial texts. It provides a balanced view of the fascinations 
and hazards of deep diving through extensive factual 

development of its technical chapters. It 
also features first hand accounts and per
spectives by top deep diving experts such 
as Dr. Bill Hamilton, Bret Gilliam, Tom Mount, 
Sheck Exley, John Crea, Gary Gentile, Dick 
Rutkowski, Jim Lockwood, and many oth
ers. A detailed history of deep diving and the 
individuals who pioneered this challenging 
and hazardous area of diving opens the 
book.

Chapters include: History, Physiologi
cal and Mental Preparation, Stress, Inert 
Gas Narcosis, Oxygen Toxicity, Staged

D E E P
DIVING

WITH JOHN ODEA AND DAHHEN W E M

Decompression, Equipment and Self-sufficiency, Dive Computers, Scientific Applications, Nitrox, Mixed Gas, 
Dive Tables, and Decompression Sickness Theory and Treatm ent including recompression chambers, field 
accident management, helicopter evacuation, oxygen systems and in-water treatm ent protocols.

A special reference section includes a recommended list of training centers, and sources for specialized 
equipment outfitting and custom tables. An extensive section includes recommended books, articles and journals 
for readers who w ish to pursue a particular topic in more detail.

The 256 page book includes over 75 photos and is illustrated w ith detailed graphics and tables.

THEN: Zale Parry, women's depth 
record-holder 209 fsw on air in 1954.

NOW: Modern deep diver preparing for 
250 fswdive on "Wilkes Barre"in 1991.

THE FUTURE: The Cis-Lunar MK-2R 
fully redundant re-breather.

"This text is the only responsible source 
currently addressing the overall concept of 
depth. Many of the dives profiled in this 
book are completely on the frontier of hu
man diving performance and are discussed 
in detail for the first time. The wealth of 
information compressed into these pages 
ate school foremost divers.^ This is a book 

who's time has come."
Tom Mount

"I can think of no one who is more knowl
edgeable on the subject of deep air diving 
than Bret Gilliam. I strongly recommend 
this book to all persons interested in any 
aspect of deep diving."

Sheck Exley 

"I still cant believe that Gilliam wasn't narked on 
his record 452 ft. air dive, but then that's what 
makes technical diving so exciting; there's al
ways more to learn. That's the best reason I 
know to read Gilliam and Crea's new book on 
deep diving. There's a lot of important informa
tion that’s simply not written down anywhere 
else, presented by people who have been there. 
A definite addition to your reading mix."

Michael Menduno

Send check or money order for $20.00 (includes signed 
copy by author, first class postage & packing) to:

OCEAN TECH
3098 Mere Point Rd.

Brunswick, ME 04011
Phone: 207-442-0998 FAX: 207-442-9042 Dustin Clesi and Rick Nicolini of Team DiePolder 91 and their support equipment.
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The following guide includes 
training agencies, facilities, 
instructors, table suppliers

831 Charles St.Gloucester, NJ609-456-4316 PO Box 1000Branford, FL. 32008 1904-935-1471 I
and books. Ginnie Springs Dive Center INTERNATIONAL I
TRAINING

7300 NE Ginnie Springs Rd.High Springs, FL 32643 High Tech Divers Australia
AGENCIES 904-454-2202 PO Box 813 IAmerican Nitrox Divers Inc. Island Scuba Centers, Inc. Lane Cove NSW 1Australia 2066 |74 Woodcleft Ave 74 Woodcleft Avenue

Instructors:Freeport, NY 11520 Freeport, NY 11520-6132516-546-2030 516-546-2030 United StatesInternational Association of Key West Diver Florida 1Nitrox Divers Inc. MM 4.5 US #1, Stock Island Robert J. Amove 1490 Carribean Dr. Ley West, FL 33040 15560 N.E. Sth Ave.Key Largo, FL 33037 800-873-4837 North Miami Beach, FL 33162305-451-2551 National Academy of Police Diving Steve Berman INASDS 12074 South West 117th Terrace 7300Ginnie Springs Road8099 Indiana Ave Miami, FL 33186 High Springs, FL 32643Riverside, CA 92504714-687-8792 National Diving Center Kenneth Broad 14932 Wisconsinn Avenue N.W . P.O. Box 330499Washington, DC 20016 Coconut Grove, FL 333233
FACILITIES 202-363-6123Ad Venture Sports Ocean Oddessy Tom Bryan8800 Florida Avenue303 Potero St. #15 2345 South Rodeo Gulcch Tampa, FL 33604Santa Cruz, CA 95060 Santa Cruz, CA 95062408-458-3648 408-475-3483 Dan DancigerAll American Sport Shop Pisces School Of Dive 4564 Atlantic Blvd.Jacksonville, FL 3220727 North Broad St. 781 Fairport RoadNorwich, NY 113815 Coral Gables, FL 33146 Billy Deans607-334-5277 305-445-7837 MM 4.5 US1 SI J jAll American Sport Shop Underwater Unlimited Key West, FL 33040Utica, NY 4633 Le Jeune Road Sheck Exley315-733-9282 Coral Gables, FL 33146 Route 8, Box 374 |305-445-7837 Live Oak, FL 32060Aquifer Dive Center4564 Atlantic Blvd University O f California-Davis Tony Falabga |Jacksonville, FL 32207 Davis, CA 95616 4840 North Courtney Parkway904-398-1274 916-754-1419 Merritt Island Island, FL 32953Bellingham Dive and Travel University of California-Santa Cruz Steve Gerrard2720 West Maplewood Santa Cruz, CA P.O. Box 20006Bellingham, WA 98225 408-459-4286 Tallaahassee, FL 32316-0006800-338-6341 Scuba Adventures Gary HowlandBrownies Third Lung 965 South Mt. Vernon Avenue 348 Miracle Fwy #19940 North West lsst St. Colton, CA 92324 Ft. Walton Beach, FL 32543Ft. Lauderdale, FL 33311 714-825-2502Carroll Scuba The Scuba Shop Todd Ives2027 Suffolk Road 348 Miracle Strip Pkwy #19 4594 Wadita KA WayFinksburg, MD 21048 Fort Walton Beach, FL 32548 West Palm Beach, FL 33417301-833-3638 813-243-32548Enchanted Diver Seahunt Dive & Travel Arnold Jackson7825 Jackson's River Road259-19 Hillside Ave 3395 East Bay Rd. Leesburg, FL 34788Floral Park, NY 11004 Largo, FL. 34641718-470-6858 813-539-0227 John JayThe Gas Station Inc. Steamboat Dive Inn P.O. Box 2647High Springs, FL 32643

enriched AirResources



Jay K. Jeffries40 East Osceola Stuart, FL 34494Paul A. Johnson253 Airosa Blvd.Port St. Lucie, FL 34983John Knapp1117 N.E. 158th St.North Miami Beach, FL 33162James LockwoodP.O. Box 544High Springs, FL 32643
EA N  ~ T R IM IX  ~ E N R IC H ED  A IR  ~ 

T R A IN IN G
Bart M alone and Lou Sarlo

831 C harles Street, G loucester, N J 08030 
(609) 456-4316 Fax (609) 456-0046

Mark LeonardRoute 14 Box 136Lake City, FL 32055Charles Mathews Jr. 4633 S.W. Le Jeune Road Coral Gables, FL 33146Kim McDonald490 Caaribbean Drive Key Largo, FL 33037Marian Miller, RN 15204 Omaha StreetHudson, FL 34667James Mims15545 N.E. 104th Street Miami Shores, FL 33138
A Diving Center & Inn on the Banks of the 
Suwannee in the Heart of Cave Country...

Tom Mount1545 N.E. 104th St.Miami Shores, FL 33138
Featuring: * Pure Air, Eanx, Mix * Full Cave Instruction
* DPU, Sidemount * Lodging, HBO, A/C * River Dive Packages

US Hwy 27 & 129, Branford, FL (904) 935-Dive

R. Dan Nafe1223 N.E. 18th Ave. #4Fort Lauderdale, FL 33304Jan Neal280 Devon StreetPort Orange, Fl 32127
Secrets of the Sea
Diving Tours with Natural History and 
Underwater Photography Workshop 

with Norbert Wu
contribtor to National Geographic, Omni, 
PBS Nature, the Cousteau Society, Sea of
Cortez, Galapagos Islands, Fiji, 
the Red Sea, new book and 
calendar available by mail order.

For information write:
Ocean Graphics

165 Ivy Drive Orinda, CA 94563 (415) 376-8418 Fax (415)

Mark NeaseP.O. Box 49919Key West, FL 33070Jack NicholesUniv, of Miami Diving Office6325 SW 84th StreetMiami, FL 33043Dan Orr1833 Halsstead Blvd. #1306Tallahassee, FL 32308Dick Rutkowski490 Caribbean Dr.Key Largo, FL 33037
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7221 S.W. 6th StreetPlantation, FL 33317Randolph SheldonP.O. Box 40734Jacksonville, FL 3207Donald Sholen1545 N.E. 104th St.Miami Shores, FL 33138Gregg StantonADP/FSURoute 3, Box 5322Crawffordwilld, FL 32327John Stauffer239 Miracle Mile Prky. #19 Ft. Waalton Beach, FL 32548Donald Stelzen4633 S.W. Lee Jeune RoadCoral Gables, FL 33146David Stumpe3505 West Atlantic Blvd. Apt. #615 Pompano Beach, FL 33069Julius Jr. Wiggins 12074 S.W. 117th TerraceMiami, FL 33188Frank Yoal Jr.1245 Munster StreetOrlando, FL 32803
South & South EastLarry H. BrownRoute One Box 17Moncure, N C 27559John Conway10911 Norffolk Avenue #107Virginiaa Beaach, VA 23491John CreaP.O. Box 1906 Bainbridge, GA 331717Tony D'Andrea1091 Norfolk Avenue #1107Virginiia Beach, VA 23431Terry De Roouin 1196 Will Scarlet WayMacon,GA 31210Raymond JarvisNational Dive Center 4932 Wisconsin Avenue N.W . Washingtoon, D C 20016Edward Parent2109 Benjamin St.Arabi, LA 70032

1250 Marsh View DriveDan Orr James Island, N C 29412Divers Alert NetworkBox 3823 Duke Univ. Med. Ctr. Michael Van TWYL, M .D.Durham, N C 27710 605 New Lake Ct.Virginia Beach, VAA 23462Craig Reda426 Colleman Blvd. J. Morgan Wells, PHDMt. Pleasant, SC 29464 NOAA Exxp Dive UnitBldg. 1519Catherine Rhea305 Deer Run Ft. Eustis, VA 23604-5544Maryville, TN 37801 Gary Wolten4119 Roland AvenueDavid W. Rhea Baltimore, MD 2211211313 Whitecrest Dr.Maryville, TN 37801 North EastJaramiah Shastead Edward A. Betts
Submariner Research Ltd.

• Custom decom pression tables:
air, a ir w I  oxy gen, enriched air, trim ix, 

heliox, repetitive dives

• H igh tech  equipm ent and set-up

For information write:
PO Box 1906 • Bainbridge, GA 31717

"Tables in use for over four years."Underground Press
The NACD Journal, your line to the underground. 
Whether it's exploration, improving dive safety or 
the latest in diving technology and technique. Don't 
be left in the dark.

Send your check or money order to:

NACD Journal 
PO Box 14492 

Gainesville, FL 32604
Annual Subscription $15.00
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74 Woodcleft Avenue Scott K. Resse
Freeport, NY 11520 Five Abbott Avenue

Earlville, NY 13332
Jenny-Ann Edgren
40 Hawthorn Road John Roaarke
Garden City, NY 11530 Ten Peenbroke Street #2

Chelsea, MA 022150
Bret Gilliam
3098 Mere Point Road M idwest&W est
Brunswick, ME 04011

Del Armstrong
John P. Karekos 1605 20th Street
P.O. Box 274 Bellingham, WA 98225
Fairport, NY 14450

Jim Baden, II
Mason Klink 965 South Mt. Vernon Ave.
Northeast Diving Tech.
41 Beacon Street

Colton, CA 92324

Boston, MA 02108 James Daniel Brown
777 Mermaid Avenue

C. Douglas Pettit
74 Woodcleft Avenue

Pacific Grove, CA 93950

Freeport, NY 11520 Leslie (Dee) Burks
Routee 2 Box 1

William Phoel, PHD 
NOAA Sandy Hook Lab

Licking, MO 65542

Dive Officer Larry Elsevier
Highlands, NJ 007732 2720 West Maplewood 

Bellenghaam, WA 98225
Bob Raimo
259-19 Hillside Avenue E.J. "Lalo" Fiorelli
Floral Park, NY 11004 250 Rocky Road 

Soquel, CA 95073

T he N o rth w est's

Enriched Air Diving Center

Enjoy more bottomtime and safer, more efficient, 
cost effective dives. G rou p  a n d  in d iv id u a l  
t r a in in g  p r o g r a m s c o n d u c te d  a t  o u r  
s i t e  o r  y o u r s ;  f r o m  c o m m e r c ia l  t o  
r e c r e a t io n a l d iv in g .

Bellingham Dive and Travel
2750 West M aplewood, 
Bellingham , WA 98225

1-800-338-6341

The largest training facility of it's kind in the US

Jim Flagg
40 W. Littleton, Suite 210-51 
Littleton, CO 80120

Bradford J. Gagne 
9155 Rucker Road
Grosse-ile, MI 48138

Tom "OMARA" Greene 
3254 Park Lane
Lafeyette, CA 94549

William High
Bldg.4 Race,
BIN C l5700 NOAA 
7600 Sand Point Way 
Seattle, WA 98115 0070

Dennis Judson
303 Potrero St. #15
Santa Cruz, CA 95060

Stephen Keene
9405 East 500 North 
Greentown, ID 46936

Matthew MC Dermott
849 Almar Avenue 
Santa Cruz, CA 94549

Joel Mitchell
9328 Glacier Highway #47A

FREE CATALOG!
DIVING BOOKS 

1 ,0 0 0  TITLES

Books, magazines and vidoes 
on sport diving, commercial 
diving, diving destinations, 
shipwrecks, marine life, 
sharks, whales, underwater 
photography, etc. Also US 
Navy diving manuals, 
waterproof marine 
identification cards and much 
more.

Brielle Dive Center & 
Marinetime Bookstore 428 
Euclid Avenue Brielle, NJ 

08730-1412 (908)528-8444
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Juneau, AK 99801
John Mueller Sr.P.O. Box EOronogo, M O 6644855David Nagle148 Walk CircleSanta Cruz, CA 95060Cliff NewellNOAA Diving Program 7600 Sand Point Way, N.E. Seattle, WA 98115 0070Martyn N. Perry479 Waverly StreetMenlo Park, CA 94025William Rennaaker118 North 500 E.Greenntown, ID 46936T. Wings Stocks2345 South Rodeo GulchSanta Cruz, CA 95062Scott Tims3350 Connant LaneWatsonville, CA 95076Frans Vandermolen23001 Via SanjuanMission Viejo, CA 92691
In terna tiona lValeri DarkinP.O. Box 2661Vladvostod, 690090USSRReginald Boer31 Lanena Stret JindaaleeAustralia Q4074Ward Burchell800 Royaal York Road #301Toronto, OntarioCanada MBY 22T7Rob CasonPO Box 813Lane Cove NSWAustralia2066Torbjorn FaarlanderSjosavaagaen 147 12437 BandhagenSwedenLeonardo LlanezaPO Box 87055Caracas Venezuala 1081

Tom Mount's

Quality Diver Education

Presenting Hi Tech Diver Training in: 
Cave Diving, Deep Diving, 
Wreck Diving, Stress 
Management, Nitrox, Advanced

Nitrox, and

Reserved For Those Who Demand And Expect Quality

C a ll Today:

305-754-1027 Fax: 305-751-4873

33  Y ears • 1 0 ,0 0 0 +  log g ed  d iv es

LONGER and SAFER 
BOTTOM TIMES

Long Island's oldest dive facility

The # 1 ANDI training and SafeAir© refill facility

the serious hi-tech SCUBA center 
Our gas blending system provides any gas mix 

used for diving 
SafeAir©

Air — Tri-Mix — Heliox — Argon — Oxygen 
If you are serious about technical diving come 

talk to the experts 
about

education and the proper equipment

island scuba centers
74 Woodcleft Avenue Freeport NY 11520

Voice 516-546-2030 Fax 516-546-6010David Martinez16 Reparto Alamein 55 aquaCorps Journal



Manage Your Risk— The Scuba Diving Resource Group (SDRG) is a newly created 
membership organization formed to train and educate industry personel on managing their 
liability risks, foster consumer risk and responsibility awareness , and conduct forums and 
workshops on important dive industry issues such as risk management and the recent 
workshop on enriched air, as examples. SDRG members include; agencies, manufacturers, 
retailers and resorts, operators, instructors and divemasters, and the press— a cross 
section of the entire industry—  who exchange information and assistance, and work 
together to address the critical issues affecting our industry. SDRG operates under the 
auspices of the Outdoor Recreational Coalition of America (ORCA), a coalition representing 
outdoor human-powered sports and activities.
If liability is an issue in your diving business or avocation, you owe it to yourself to find out 
more.

Scuba Diving Resources Group, PO Box 3229, Boulder, CO 80307 Also send for the 
SDRG audiotape,” How To Protect Yourself and Still M ake The Sale”. $5 .00  per copy

A Public Service Announcement

Rio Piedras, P.R. 00926

Marc Plachat
C.P. 9154 STE-FOY, QC
Canada

Edger Senn
P.O. Box 294 Station "A"
Downsville, Ontario
Canada M3M 3A6

EAN Tables:
Dive Rite Mfg. Inc.
Route 14 Box 136
Lake City, FL 32055
904-752-1087

Hamilton Research Ltd.
80 Grove St
Tarrytown, NY 10591
Fax: 914-631-6134

Submariner Research Ltd.
PO Box 1906
Bainbridge, GA 31717 
912-246-9349

Underwater Applications Corp. 
427-3 Amhearst St., #345 
Nashua, NH 03063 
508-433-6586

NOAA Nitrox Tables:
See Training Agencies

U/W  video systems: the DV-1 and 1,000 ft DV-2 
dropped video and TOV-1 towed video. A ll from 
J. W Fishers, the leader in reasonably priced, high 
tech underwater electronics. For details and pricing 
on over 20 products, including the world’s finest 
U/Wmetal detectors, send for our
COMPLETE FREE CATALOG.

JW  FISHERS MFG. INC.
65 ANTHONY STREET 

BERKLEY. MA 02779
1 (800) 822-4744

IN MA (508) 822-7330
FAX: (508) 880-8949

YOURCANADIAN 
TECHNICAL DIVING PRODUCTS 

®  INFORMATION HEADQUARTERS.
Distributors of specialty diving equipment ®  publications

on progressive information ®  techniques 
beyond the scope of recreational sport diving.

•  Doubles set ups, •  Line Reels for W reck, Cave,
•H ig h  Intensity U /W  U h ls  Night, V id e o ®  Rescue.

P.O. Box 990, Port Perry, Ontario L9L 1A8 (416) 985-0547

Books:
The A pplication  o f  
Enriched A ir M ixtures 
by Edward Betts & Doug Petty

ANDI
74 Woodclift Avenue
Freeport, NY 11520 
516-546-2026
Fax: 516-546-6010

H arbor Branch
W orkshop On Enriched
A ir Nitrox D iving 1989
Hamilton, Crosson, Hulbert & al

NOAA
6010 Executive Blvd. Room 805
Rockville, MD 20852
Order from NTS:
ph: 703-487-4600

Nitrox M anual
by Dick Rutkowski

IAND
490 Carribean Dr.
Key Largo, FL 33037
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TRAINING POLICY STATEMENT

Though a consistent set of na tional 
guidelines for enriched air use are now being 
developed, there are currently no training 
standards for other special mixes such as 
trimix, heliox and many technical diving 
applications. As a result, the level and quality 
of available instruction varies significantly, as 
does the qualifications and experience of the 
individual instructors.

aquaCorps policy is to accept advertising 
from companies and individuals who we 
believe are reputable, however we are not in a 
position to evaluate individual facilities, 
instructors, programs, or our other suppliers, 
nor do we accept liability for them.

We strongly recommend you investigate a 
facility and or instructors thoroughly before 
signing up for a course. Talk to them, ask for 
credentials, relevant experience (number of 
relevant dives, number of courses taught, their 
training etc.), and get references from others 
who have been through their program . 
Remember, "Your Safety Comes First."

resource Directory
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Ocean Odyssey
D I V E  C E N T R E

2 3 4 5  S. Rodeo Gulch Road, Santa Cruz, California 9 5 0 6 2

DIVING DISCIPLINES
RECREATIONAL SCUBA TRAINING

■  Entry Level through instructor
■  Underwater Efficiency

TECHNICAL TRAINING
Alternative Dive Products...............................54
Dive Comm.....................................................38
Dive Rite Mfrg. Inc.....................................35,42
Diving Unlimited International.....................41
English Engineering........................................46
J.W. Fisher.......................................................54
Mares...............................................................56
Quest Marine Video........................................43
RIX Industries.................................................44
Typhoon..........................................................46
Underwater Applications Corp....................... 44

Inform ation & T raining Services

American Nitrox Divers Inc............................40
Aqua Quest......................................................38
Bellingham Dive and Travel........................... 53
Brielle Marine Bookstore.................................52
Frank's Dive Shop...........................................39
The Gas Station...............................................50
Ginnie Springs Dive Center............................43
High Tekk........................................................45
International Association of Nitrox Divers ....40 
Island Scuba Center........................................52
Key West Diver Inc.........................................34
Life Guard Systems..........................................37
NACD Journal.................................................51
Ocean Odyssey................................................55
Ocean Tech.....................................................48
Professional Scuba Association.......................47
Reefcat.............................................................39
Rutlege In n .....................................................39
Quality Diver Education.................................53
Secrets of The Sea............................................ 50
Steamboat Dive Inn ........................................50
Submariner Research Ltd................................51
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The Mares MR12-NAVY Regulator...

Down Deep...Working Hard, The Mares 
MR12-NAVY is there, breaking standards 
in performance and reliability.

Twenty five years of “evolutioneering” have 
produced a regulator design that beats the 
stringent specifications of the world’s Navies. 

Designed to exceed US Navy 
Specifications for Class “A” regulators by 

20% and European CEN 
standards by 50%.

▼ Patented Vortex Assisted Design (VAD) 
second stage for precise high 
performance air control.

▼ Balanced diaphragm first stage for 
exceptional performance and reliability.

▼ New high flow hose and stainless steel 
fittings reduce air restrictions and 
lower breathing effort.

▼ High Pressure DIN and Coldwater kits 
available for added versatility.
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“A verbalizing race has 
words for every old 
concept...and creates new  
words or new definitions for 
old words whenever a new  
concept comes along. 
A lw ays! A nervous system  
that is able to verbalize 
cannot avoid verbalizing; i t ’s 
automatic. ”

Robert A . Heinlein 
Stranger In A Strange Land

Understanding the language and 
concepts behind mix technology 
is key to it’s safe utilization. 
Here are several ideas and 
definitions for your 
consideration that are used 
throughout this issue of 
aquaCorps.

user groups, environments and 
applications: Historically, the 
sport diving industry was 
viewed as a single, 
homogeneous group known as 
recreational divers. Now a more 
sophisticated view is emerging. 
To borrow several terms from 
the computer industry, the 
scuba market is in fact made up 
of many different user groups 
each with their own diving 
environment, applications and 
need for appropriate tools and 
methods. Mix technology is one 
of these tools.

m ix:
special mix: Special mix applies 
to diving gases other than air, 
including trimixes of oxygen, 
helium, and nitrogen, mixtures 
of oxygen with other inert gases 
(helium, neon, nitrogen) and to 
enriched air mixes. The 
mixtures delivered by closed 
circuit rebreathers are special 
mixes as well. Commercial 
divers universally refer to 
oxygen-helium mixtures—  
heliox—  as “mixed gas,” so the 

term is not quite right for 
technical diving. Currently in the 
technical and scientific 
communities, special mix is 
primarily oriented to self- 
contained diving.

enriched air: An oxygen-nitrogen 
(“nitrox”) mixture with an oxygen 
content (fraction) greater than 
that found in air (21%) typically 
ranging from 30-50%, also 
referred to as nitrox, enriched 
air nitrox (EANx) and oxygen- 
enriched air. We at aquaCorps 
prefer the term enriched a ir , 
designated by EAN, to “nitrox" 
because it is more accurate ( 
air and normoxic mixtures with 
an O2 content of less than 21% 
are also properly called nitrox), 
and more user-friendly. In this 
convention, EAN 36 specifies 
an enriched air mixture with 
36% O2, balance N2- Enriched 
air is used as both a bottom 
gas for shallow water diving in 
the 30-150 fsw range, though 
the real benefits are pretty well 
limited to about 50 100 fsw, 
and for use during 
decompression.

trimix “x / y ”: An oxygen-helium- 
nitrogen mixture generally used 
for dives in excess of about 190 
fsw, in which the oxygen fraction 
(FO2), typically less than that 
found in air, is set to provide a 
safe oxygen partial pressure at 
the planned working depth, and 
helium is substituted for a 
portion of the nitrogen to 
reduce narcosis and decrease 
gas density.
Naming Conventions: Though in 
U.S. commercial diving circles, 
the inert gas fraction is 
generally specified f irs t , we 
prefer the European convention 
of specifying the oxygen fraction 
first followed by that of helium 
as oxygen safety-and 
awareness is a key issue in 

most technical diving, 
operations. In this convention, 
trimix x/y is a mix containing x% 
O2, y% helium, the balance 
being nitrogen. Typical mixes 
include trimix 17/17 (17% 02 , 
17% He, balance N2) known as 
poorman’s mix because it can 
be simply blended using air as 
an add gas to helium and is 
relatively inexpensive, trimix 
x/25 and trimix x/50, the 
oxygen fraction being 
determined by the planned 
depth. Note that the helium 
fraction is generally set to yield 
an equivalent narcosis depth 
(END) of 150 fsw or less.

hellox: The standard oxygen
helium breathing mixture used 
in deep commercial and military 
diving, in which helium is 
substituted for all of the 
nitrogen found in air to 
eliminate narcosis and reduce 
breathing gas density. For deep 
dives in excess of 600-800 fsw, 
compression rates (rate of 
descent) are reduced, and 
narcotic gases such as nitrogen 
and sometimes hydrogen are 
often added back into the basic 
heliox mix to ameliorate High 
Pressure Nervous Syndrome 
(HPNS).
Following the European 
convention, heliox x, for 
example, heliox 12, specifies a 
mix with 12% 02, balance He. 
Though not commonly used in 
technical diving because of the 
expense, heliox will become a 
standard breathing mix for use 
in closed circuit systems which 
offer a hundredfold 
improvement over open circuit 
in terms of gas utilization 
efficiency.

travel mix: A gas mix, typically 
carried in stage bottles, used 
on descent prior to beginning 
the working portion of a dive.

technicallySpeaking
 

 
 

 
 

 
 

 
 

 

 
 

 
 

 
 

 

 

 
 

 

 
 

 

 
 

 

 



Travel mix can be used to provide 
decompression advantages in 
conjunction with special tables, 
and/or to avoid problems of 
hypoxia (too little oxygen) near the 
surface when using a bottom mix 
with a low oxygen fraction (FC^)- 

bottom mix: The gas mix (air, 
enriched air, trimix or heliox) used 
during the working and/or deepest 
portion of a dive.

intermediate mix, a.k.a. 
decompression mix: The gas mixes 
used during the decompression 
phase of a dive. Today, most 
special mix diving operations follow 
a planned decompression 
procedure of switching to one or 
more enriched air mixtures during 
decompression followed by pure 
C>2 at the 20 and 10 fsw stops in 
order to eliminate any helium as 
soon as possible, and maximize 
allowable oxygen partial pressures. 
Enriched air, oxygen, or a 
combination of both are used for 
decompression during extended air 
diving.

pre-mix: A specified gas mixture 
that has been premixed and 
analyzed by a commercial gas 
supplier. Note that boosting premix 
into scuba cylinders is a relatively 
simple, reliable and economic 
alternative for technical diving 
operators getting started in mixed 
gas, requiring only an oxygen- 
cleaned booster and supporting 
equipment.

home brew: A good ole’ boy 
expression and sometimes 
emotion-laden euphemism 
associated with mixing gas at 
home in the garage or on site. 
Ironically today, most of the 
individuals involved in garage 
mixing know what they’re doing and 
are probably far more 
knowledgeable and qualified than 
many of the critics who bandy 

about the term. Nevertheless, as 
reliable sources of gas become 
available, homebrew will go the 
way of the “build-it-at-home” 
computer. Remember them?

oxygen use: 
oxygen toxicity: Oxygen is toxic to 
the human body at elevated partial 
pressures above 0.5 atm. The 
severity of oxygen’s toxic effect 
depends on the dose measured in 
partial pressure, and the duration 
of the exposure. Of primary 
concern to technical divers is 
central nervous system (CNS) 
toxicity which can occur at partial 
pressures of about 1.3-1.4 atm 
and above and result in 
convulsions that resemble grand 
mal epileptic seizures. A second 
form of toxicity is whole-body 
toxicity resulting from very long 
exposures to oxygen partial 
pressures above 0.5 atm, and is 
characterized by chest pain, 
temporary lung impairment and 
other effects. Whole body toxicity 
becomes an issue during 
saturation diving and long multi-day 
diving operations and is generally 
not a problem for technical divers.

oxygen tolerance units (OTUs): A 
“unit” used to quantify the 
exposure to oxygen for the 
purposes of monitoring tolerance 
to whole-body toxicity. An OTU is 
the same size as the University of 
Pennsylvania’s “UPTD,” (unit 
pulmonary toxicity dose, or when 
cumulative, CPTD). The new term 
OTU takes a positive approach by 
saying” tolerance” rather than 
“toxicity”, eliminating the term 
“pulmonary” since much more of 
the body is affected, and avoids 
the slight confusion between UPTD 
and CPTD. It also helps call 
attention to a specific set of 
tolerance limits that CPTD never 
had, called the Repex method. One 
OTU is about equal to an exposure 
of 1 minute to 1 atmosphere of 

oxygen, but is slightly more when 
above 1 atm. and less when below, 
the threshold being .5 atm. OTUs 
can be calculated as:
OTU = t x ((PO2  - .5) /.5 )-8 3  
where t is the duration of the 

exposure in minutes. Many special 
application tables include a 
calculation of OTUs and the 
corresponding predicted drop in 
vital capacity. For additional 
information on OTUs and the Repex 
method, see: Hamilton R.W. 1989 
Dec., Tolerating Exposure To High 
Oxygen Levels: Repex and Other 
Methods. Marine Tech Soc J 23(4): 
19-25.

physics &  physiology:
gas laws: The ideal gas laws, in 
particular, Dalton’s law which 
states, ” the total pressure exerted 
by a gas mixture is equal to the 
sum of the partial pressures of the 
component gases in the mixture," 
has great utility for technical divers 
and is used frequently in 
calculating the essential 
operational characteristics of a 
special mix. A common form of this 
equation can be expressed as:

Pg = P x Fg
where Pg is the partial pressure of 
a gas g , and is equal to the total 
pressure, P, of the gas mixture 
times the proportion or fraction, Fg 
of the gas in the mixture. Uses of 
this formula include; 1) Calculating 
the partial pressure of a gas, for 
example PO2 or PN2, given the 
working depth in pressure, and the 
fraction in the mix.
2) Calculating the proper fraction of 
gas, Fg to be used in a in a mix, 
given the working depth, and 
required partial pressure, and
3) Calculating the Maximum 
Operating Depth (MOD) of a mix, 
from an oxygen toxicity 
perspective,given the oxygen 
fraction, as discussed below.

maximum operating depth (MOD): 
The maximum operating depth, or



MOD of a mix is the maximum 
depth that the mix can be used at 
and still maintain a safe working 
oxygen partial pressure. For 
surface-oriented mix dives the P02 
is normally set at about 1.4 atm, 
which can be sustained for the 
duration of most scuba-based runs. 
Note that oxygen limits are 
sometimes extended as high as 
1.6 atm or more for limited 
duration runs and for 
decompression.The MOD in feet of 
seawater (fsw) for a specific mix 
can be calculated by using a 
variation of Dalton’s law, PO2 = P x 
FO2, where P is absolute pressure 
in atmospheres. Rearranging 
terms, the formula becomes:

MOD = (max PO2 -1) x 33
FO2

Example, the MOD of air is found 
by setting the PO2 to 1.4 atm, FO2 
to .21, and solving for depth; 1.4 = 
((D/33)+l) x .21, or D = 186 fsw. 
At a PO2 of 1.6 atm, the MOD for 
air is 218 fsw. Hence, rounding up, 
190-220 fsw represents the 
reliable limits of air, depending on 
the duration, from a CNS toxicity 
perspective.

equivalent air depth (EAD): Given 
a planned working depth, the 
equivalent air depth, or EAD of an 
enriched air mix, is the depth at 
which the nitrogen partial pressure 
would be the same if the dive were 
conducted on air. The EAD principal 
states that only this nitrogen 
partial pressure need to be 
considered when calculating a 
decompression. The benefit of EAD 
is that it allows standard air tables 
to be used when diving enriched 
air. An EAD (fsw) can be calculated 
as:

EAD = (1- FOgl x (D /33 + 1) x 33 -33 
.79

Example: The EAD of an EAN 36 
mix at a working depth of 90 fsw is 
.81 x 3.7 atm x 33 -33 = 65 fsw.

equivalent narcotic depth (END): 
Given a planned working depth, the 
equivalent narcotic depth (END) of 
a specific mix, is the depth at 
which the partial pressure of 
nitrogen i.e.the narcosis level or 
goon-factor, would be similar if the 
dive were being conducted on air. 
Typically, the END of a trimix is 
typically set at 100-150 fsw 
depending on the operation. END 
(fsw) can be simply calculated as:

END = ( FNn) x (D /33 + 1) x 33 - 33 
.79

Example: The END of a trimix 
14/50 at a working depth of 300 
fsw is
.45 x 10 atm x 33 -33 = 115 fsw

gooned: What you get from 
breathing air beyond about 200 
fsw, and other things. Ask those 
deep reefers.

m ixing, analysis &  pumping: 
gas analysis: Special gas mixtures 
must be analyzed prior to diving 
them. Oxygen is by far the most 
critical component in any gas mix 
and must be accurately analyzed 
for all operations using one of 
several methods available.
Nitrogen and helium are more 
difficult (and expensive) to analyze 
and field practices vary with regard 
to analysis.
As a general rule, only oxygen 
analysis is essential for enriched 
air and heliox mixes, though it’s 
essential to verify that the helium 
is really helium. The accepted 
industrial procedure for trimix is to 
analyze for both oxygen and 
helium, though this is rarely done 
in technical diving operations and 
some disagreement exists as to 
whether or not it is necessary, 
good recording and careful mixing 
being sufficient.

oil-free compressor: A compressor 
which uses self-lubricating 
materials in contact with process 

air to reduce mechanical wear and 
prevent hydrocarbon 
contamination. The oil-free 
compression stages are connected 
to a conventional oil bath 
crankshaft via distance pieces 
equipped with seals prevent any oil 
leakage out of the crankcase and 
into the compression stages. A 
post compression filtration system 
is included to separate water 
vapor, remove particles and absorb 
contaminants such as carbon 
monoxide.Oil-free compressors are 
typically used for pumping oxygen 
enriched mixes where potential 
hydrocarbon contamination is an 
issue.

operations:
operations: Technical dives are 

operations, a project or venture 
involving; planning, preparation and 
set-up, the use of proper 
equipment and methods,competent 
execution, and the capability to 
respond to contingencies 
effectively and immediately, where 
diver safety is always the first 
priority. This is particularly true 
when utilizing special mix.The level 
of operation, or work involved, can 
vary from following a simple pre
determined profile and 
decompression schedule, for 
example on an enriched air dive 
(EAN-compatible DCs will come), to 
executing a deep multi-team mixed 
gas push, involving specific 
individual assignments, staged gas 
mixtures,use of special equipment 
such as DPVs and microbells, and 
advanced decompression methods. 
Note that all dives are in fact 
operations. In the case of 
recreational diving, the 
requirements are minimal, though 
recreational divers could no doubt 
benefit from more operational 
minded thinking.

COMING IN technicalDiver 
3.1, the “D-Word” Dictionary 
by Richard Van, Ph.D.

 
 

 

 

 

 

 

 

 

 
 

 
 

 
 

 
 

 

 

 
 





Dglanced over at Sheck. He was again 
lost in thought, staring blankly into 
the night. It had been fascinating 
listening to him discuss the facts and 
figures of the dive, but what I really

wanted to hear about were the things that go 
on inside his head when he’s buried under 
hundreds of feet of water, inside a rock 
crevice, on the very edge of life, and still 
going on. ‘"How are you going to decide when 
you have gone deep enough? ”1 asked. 
“Fear." Sheck answered immediately as if he 
had been patiently waiting for such a 
question. ”

Ned Deloach, The Deepest Dive

To say that Sheck Exley is not your average 
42 year old high school algebra teacher is a 
bit more than understatement. By vocation, 
he is in fact a teacher at Suwannee 
Highschool in Live Oak, Florida. By avocation 
he is an explorer, pioneer, and educator has 
become a diving legend.

Certified in scuba at the age of 
sixteen, Exley became the first person to log 
a thousand cave dives accomplishing this 
feat in less than seven years. Over the nearly 
two and a half decades that have followed, 
Exley has explored and surveyed most of the 
world's known deep water cave systems, 
pioneered many of the methods and 
techniques of deep air and special mix scuba, 
and in the process has repeatedly redefined 
the limits of self-contained diving; his 13 1/2 
hour dive to 870 fsw at El Nacimento de Rio 
being one example.

Exley's exploits and dedication have 
earned him the reputation of being one of 
the finest divers in the world, and have 
helped shaped the development modern 
cave diving, regarded by many as a model 
for specialized training. A teacher and soft 
spoken educator, Exley helped to establish 
the National Speological Society's Cave 
Diving Division (NSS-CDS) in 1973, has 
published over 100 articles and six books on 
the subject of his passion, lectures 
extensively, and currently offers a mixed gas 
training program for experienced divers 
throughout the community.

Perhaps pioneers like Exley will 
always remain an enigma. An explorer and 
athlete of the highest magnitude— 
combining physical ability with the 
psychological stamina necessary to venture 
where few will ever go—to others perhaps, 
he is seen as a thrill seeker or daredevil. 
Recently aquaCorps caught up with Exley 
hoping to try to explain and reconcile the 
many stories that have grown up around the 
man, to understand his motivation, to get 
inside his head. The results were more than 
we had anticipated. Exley on mix? Perhaps 
ithe best way to explain is simply to start at 
the beginning. —M. Menduno & B Skerry

EXLEY
MIX

An in terview  by 
M ichael M enduno

a/c: When did you start diving Sheck?

SE: I got started in 1965 but I didn't really 
start keeping a log until February, 1966 
when I went on my checkout dive with 
Ken Brock. He taught me how to dive. 
That first dive we went down and I stuck 
my head under a coral ledge, what you 
might call a coral cave, maybe 16 feet deep 
(chuckles). Wasn't much of anything, and 
I really didn't enjoy it. But then Ken took 
me to Crystal River and I really got turned 
on. I didn't have a light or anything so I 
kinda wandered off into the cavern there, 
my eyes adjusted and I swam a little bit 
further, peering off into the darkness. I 
guess I've been peering off into that 
darkness ever since.

a/c: You've made some incredible divesin 
your career; your Salute the Flag dive at 
Diepolder II to 360 fsw on air, Wakulla, El 
Nacimiento de Rio Mante to 870 fsw, your 
10,939 foot penetration at Cathedral, why 
do you do what you do?

SE: I'm not sure. My motivation has 
changed a lot over the years. I grew up 
diving, and as a teenager I wanted to be 
im portant and to be thought of as 
important. I went through a stage where I 
wanted to see how deep I could go. Then I 
went through a stage to see how far I 
could go. I still enjoy that.
There are places that no one else has been 
to since the dawn of time. We can't see 
what's there. We can see what's on the 
dark side of the moon or what's on Mars, 

but you can't see what's in the back of a 
cave unless you go there. There's a special 
feeling when you know no one else has 
been there before. And it's an extra special 
feeling when you know no one has ever 
been that far. I enjoy that feeling.

ac: Your Nacimiento Mante dive must 
have been like that?

SE: It was frightening. I'd use the term 
"physiological roulette "to describe my 
four Mante dives. The first to 520 fsw in 
1987 was probably the most frightening. It 
was really stepping out into no-man's land 
as far as the western hemisphere was 
concerned. Jochen Hassenmayer of course 
had been deeper at Fontaine de Vaucluse.

a/c: Was Mante your first big mix dive?

SE: I had done practice dives of course; 
130 fsw at Cathedral and 260 fsw at 
Holton Springs. Dale Sweet's 360 fsw 
trimix dive at Diepolder back in 1981 was 
the only dive in the western hemisphere 
that was close to it. In the eastern 
hemisphere, there was Jochen's dives. He 
had been to 660 fsw which gave me a lot 
of confidence.

a/c: You knew it was doable.

SE: I knew it was doable. I had dived with 
Jochen. He's an extremely impressive 
diver, as good as any I have dived with. 
The fact that I had actually met the man 
and dived with him made me feel a bit 
more confident. Decompression tables 
were a problem of course. There was 
nothing available. I had never heard of Bill 
Hamilton at the time. Fortunately I was 
able to get a hold of some commercial 
tables that Jim Melton got for me as a 
model.

a/c: You used commercial tables?

SE: No, I had to extrapolate them; the 
tables stopped at 400 feet. I had to take the 
model and extrapolate beyond that. I did 
the same thing on the 660 fsw dive two 
months later.

a/c: You know a lot of people would say, 
“Sheck's nuts.” Why would he construct his 
own decompression tables; isn't that just 
fool-hardy and crazy?

SE: Isn't that basically what everyone 
does?

a/c: Ha! Good point.

SE: I may not be the world's greatest 
mathematician, but mathematics is my
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profession and I have a degree in 
computers; both of them lend themselves 
quite well to figuring out a decompression 
schedule. I'm sure Bill Hamilton wouldn't 
do it quite the way I did. But then I did 
have a vested interest in doing a good job.

a/c: You were the one on the line.

SE: I wouldn't begin to say that I could 
construct better decompression tables than 
Bill Hamilton, Angel Soto or Randy Bohrer, 
all of whom later worked with me. I don't 
have the inform ation to make that 
statement. But it was all I had to work with 
at the time.

a/c: There's a myth out there—a subtle 
one, but it's still their—that decom
pression tables represent some kind of 
truth, as opposed to what they are; peoples 
guesses as to what will work based on 
experience.

SE: That's exactly right. I tell people early 
on in my mixed gas course that it's 
important to realize that any decom
pression table is just a mathematical model 
based on a poorly understood 
physiological phenomena. The degree that 
the model is valid for a given exposure is 
the degree to which you do or you don't 
get bent. A lot of the early models were 
very simple, like a kid with building blocks 
— not much to them. Of course they've 
become more sophisticated now, but their 
success still depends on whether or not 
they work.

a/c: Have you ever been bent?

SE: Never.Well, sometimes when I'm 
wearing a dry suit and woolen underwear, 
I've surfaced with what may have been 
skin bends, but I don't know. I've never 
had anything other than skin bends. It's a 
combination of a lot of luck, probably
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some unique physiology when I was 
younger, and a lot of conservatism as I get 
older. Fear.

a/c: The decompression times you pulled 
on your Mante dives are so amazing, ten 
hours plus for your 780 foot jump and 
more on your last one to 870 fsw.

SE: ( Pulls out his log) My 520 foot dive 
required 7 hours and 30 m inutes of 
decompression for a 15 bottom time. Two 
months later, the 660 foot dive for 24 
minutes took 11 hours and 13 minutes. 
The following year I made my dive to 780 
fsw using Bill's tables which were only 10 
hours and 43 minutes for a 24 minute 
bottom time. Besides the fact I was more 
confident in the safety factor in his tables, 
he got me out of the water quicker. My 
most recent dive to 870 fsw for 23 minutes 
had a decompression of 13 hours and 30 
minutes.

"I've never had 
anything other than 

maybe skin bends. It's a 
combination o f a lot o f  

luck, probably some 
unique physiology when I 
was younger, and a lot o f  

conservatism as I get 
older. Fear."

a /c: How do you prepare for a decom
pression like that? It must have physically 
and mentally grueling?
SE: From the standpoint of getting my 
tissues prepared, Bill Hamilton suggested 
that I make a deep dive, but not too 
extensive, the day before just to get my 
tissues limbered up. That worked out real 
well with my plans because my profile 
called for me to stage three bottles of 
decompression gas at 330 feet. We didn't 
want to do any mix dives before the big 
one because of the possibility of getting 
bent which would mess up the whole 
expedition, so I did the dive on air and got 
my tissues ready.

As far as being psychologically 
ready for the tedium of the thing, I was 
just coming off a record penetration at 
Chip's Hole near Tallahasee, Florida, for 
10, 444 feet, which was the longest dive I 
ever made; 14 hours in 69 degree water 
with a wetsuit.

a/c: You survived!
SE: What made it worse was that I was in a 

current the whole time. / got cold. 
Fortunately the chemical heaters I was 
using kept me alive. After that, 
decompression at Mante, in 78 degree 
water seemed pretty easy as far as time 
went. As you know, with helium mixes I 
was making about fifty odd stops all of 
them relatively short. The time passed very 
quickly and I had plenty to keep me busy 
including wondering if all the little twitchs 
were going to be bends, CNS toxicity, or 
just my old bones getting tired.

a/c: You did it in a wetsuit?

SE: No, a drysuit.

a/c: Diapers or a catheter?

SE: No, I just cut it loose. Those are the 
only dives I use that drysuit for. And I 
enjoy having the back-up buoyancy 
compensation the dry suit provides. I sure 
wouldn't want to be down at 900 fsw 
without buoyancy.

a/c: Are you scared or anxious before your 
big dives ?

SE: Up until the time I get in the water, 
I'm scared. I'm sure I get as scared as any 
diver there was. In fact, I got so scared the 
night before my Mante dive—I'm not sure 
what caused it—I actually became 
physically ill. I don't know whether it was 
a short little bug or what. The way I 
control it is through m editation. I 
meditate for ten minutes back in the cave 
before I start down; that clears my head of 
all that stuff.

a/c: When you were in the water did you 
think about all the things that could go 
wrong or do you just deal with things as 
they happen?

SE: I spent roughly nine m onths in 
preparation for my last dive at Mante, in 
addition to my previous dives there. You 
play " what if " and try to think of every 
possible thing that could go wrong, and 
figure out all the little variations. You 
make plans and redundant plans to handle 
those things, and rehearse, rehearse, 
rehearse. And then when you make the 
dive, it's all business. Your mind is totally 
occupied with everything that has to 
happen. A lot of it has to happen very 
quickly. It's mental conditioning. I 
wouldn't be alive today if it wasn't for 
that.

a/c: I heard your watch went dead during 
one of your deep decompression stops?

SE: It was the 520 foot dive and it didn't

 
 

        

 

 

 



stop; I lost my watch on the dive and I 
wound up counting all my deeper stops 
from 260 fsw in my head. Fortunately, I've 
known CPR since I was 16, so that second, 
“one-one-thousand, two-one-thousand, three- 
one-thousand...” is ingrained in my 
memory; but when your talking about a 
thirty minute stop, you're counting on 
your fingers. Eventually my safety diver, 
Mary Ellen Eckoff, who's probably one of 
the best cave divers in the world, and by 
far the best female, came to check on me 
at my 80 foot stop and brought me a 
watch.

a/c: Let me ask you the obvious question; 
why weren't you wearing a back-up?

SE: It was dumb on my part. After that, I 
carried three watches on each dive, and I 
had another one waiting for me at 520 feet 
with an additional depth guage. Back-up, 
back-up, back-up.

a/c: What about the cave itself?

SE: It's real involved. What helps is having 
gone there before. I don't think anyone's 
going to down and add to my line anytime 
soon, although it's only a matter of time 
before someone goes goes out there and 
does it. It would be very difficult however 
for someone who's never been there before 
to jump in the water at Mante and go to 
the bottom. You really have to build up to 
it. And then there's a lot of intricacies. For 
example, the cave is not really designed for 
decompression. You have a strong current 
blasting upwards and very jagged sharp 
ledges,but not as m any as you 'd  like. 
T hat's where you have to hang your 
decompression tanks. The passages are 
very narrow; some of them too narrow to 
go through. If you drop anything it's gone 
and you have to plan your gas carefully.

I try to design everything around 
the th irds rule. I overestim ate my 
breathing rate at all levels and provided a 
th ird  cushion based on the deepest 
possible dive profile /d iv ing  tim e 
com bination I though t I'd get. I also 
design my mixtures to stay w ithin the 
oxygen toxicity envelope, both CNS and “ 
whole body", raising the oxygen and 
nitrogen levels as I go up. Generally I try 
to run my n itrogen  levels as high as 
tolerable, and switch over at 280 fsw from 
air to deep mix on the way down, and 
from deep mix to air on the way up. I used 
two deep mixes this last time, 13 mixes in 
all. And I do a lot of other things as well. I 
worry about diet before the dive and 
during the dive.

a/c: How about your support team?

SE: I had lots of help. Jochen shared some 
information. Dale Sweet shared everything 
he knew and supported  me w ith 
equipment. Paul De Loach, my regular 
diving partner, maybe the best cave diver 
we have, helped me; Mary Ellen Eckoff, 
Tom Morris, Paul Smith, Paul Heinerth, 
Mexico's top two divers, Sergio Zambrano,

"Now days, the only 
rational recommendation is 
to build yourself up to where 
you can do your air dives to 
200 feet; than after 200 do 

your helium diving."

and Angel Soto, who headed up my 
support teams, Randy Bohrer, and of 
course Bill Hamilton, the list just goes on 
and on.

a/c: You know there's an old joke running 
around. People ask me all the time, “What 
kind of regulators did Sheck use on his Mante 
dives?. " Answer: Every one he could get his 
hands on. Obviously rigging 30 some 
cylinders took a fair bit of equipment, not 
to m ention  gas. Did you have any 
sponsors?

SE: Early in my career, I guess it was 
around December, 1970,1 was involved as 
a safety diver in a record deep air dive 
attempt down in the Bahamas. There was a 
lot of those going on at the time; 
sponsorships, calling in the news media, 
getting official Bahamian folks to come 
and witness the thing, all that kind of 
stuff. It put a lot of pressure on the divers. 
As a result of the pressure, two divers never 
came up. That's when I made my famous 

air dive to 465 fsw which almost cost me 
my life. I couldn't reach them and nobody 
else could either. They knew going into 
the dive that their profile was not ideal. 
There were safety factors that they had 
counted on that were compromised at the 
last minute under the pressure from the 
sponsorship, the media and this whole 
expedition scenario. They compromised 
their safety procedures and died as a result.

I never w ant to be in th a t 
s ituation . T hat's why I keep my 
involvement small. I don't want a lot of 
big sponsors. I don't want a lot of divers 
around. Those that are involved are close 
friends and I tell them up front, “ We might 
just be going to Mexico for a long drive, turn 
around and come back. If I'm sick, or just don't 
feel right, or if a light goes out at the wrong 
time, whatever, the dive's over."

a/c: I understand you were nervous about 
getting  involved w ith mix in the 
beginning.

SE: My best friend back in the early 70's 
was probably Lewis Holtzendorf. Gosh, he 
was one of the best we had back in the 
early and mid-70s. Lewis made a mixed gas 
dive at Wakulla with Court Smith. They 
were diving heliox, and using the US Navy 
helium/oxygen tables which called for the 
use of pure 02 at 50 feet. We know now, 
th a t was asinine, but back then  they 
thought the profile was safe, and discussed 
it with one of the Navy people at the 
Experim ental Dive U nit (EDU). As it 
turned out, Lewis convulsed and died. His 
partner almost did too. That was 1975.

There were other incidents. Hal 
Watts had tried to do a body recovery in 
an open sink in Orlando on heliox and got 
severly bent in the process. After that, 
Frank Fogarty, Terry Moore and Rodger 
Miller made a 325 foot run in a Missouri 
sink, in 1978, on trimix and got severely 
hypothermic. We were all looking and

 
 

 
 
 
 
 

 
 
 

 

 
 
 
 



thinking, my god, what's going on. You have to understand, the world depth record for cave diving was only 340 fsw back in 1977 and it stayed that way until Sweet made his successful trimix dive at Diepolder in 1980. It was Jochen's dives that got me thinking that mixed gas might be done safely.
a/c: Sheck, you've done a lot of deep air diving over the course of your career; you've mentioned quite a few deep air dives over the last half hour. What are the practical limits of air?
SE: You have to understand, I've built up a lot of experience and tolerance to nitrogen over the last 25 years, and what works for me might not work for everyone. In the early days air was all we had and we didn't have the knowledge we had today. If I were starting again, I'd probably do things a lot different.Today, I think you have to look at each in d ivid u al environm ent and application and judge it on that basis. There are quite a few people who are teaching deep air technique these days, I know Hal Watts,Tom Mount and I do and there's others. W ith those techniques, basically anyone can be taught to dive to 200 fsw. Beyond that it becom es an individual thing.Now days, the only rational recommendation is to build yourself up to where you can do your air dives to 200 feet; than after 200 do your helium  d ivin g . There's no longer any point to build ourselves up to 300 foot dives on air, because most people can't possibly handle it to that extent; it's just one of those individual things. Trying to build up beyond 200 feet, you're taking chances. Maybe you can handle it, maybe you can't.
a/c: Physiological roulette?
SE: Exactly. I was one of the lucky ones, or perhaps,unlucky ones.
a/c: Is air technology dead?
SE: I don't think so. I think there will always be a use for air. Hal Watts really got the deeper air stuff started from the viewpoint of trying to acclimate to higher partial pressures of nitrogen, but as- we continue to learn more, like some of the amazing stuff Bret Gilliam's doing, it will make it easier for the rest of us to dive to 200 feet, maybe more. Let's face it: we have a lot of experience with air and we're more comfortable with the decompression. 

I'm not aware of any helium tables that are as reliable as some of the air tables that are available. The decompression is more reasonable and you can decompress closer to the surface. If you can do a dive on air, or an appropriate enriched air mix, and do it safely, you ought to do it.
a/c: What about people going deeper?
SE: It's obvious that there's an enormous amount of interest has been generated, particularly now with the advent of mix gas diving. Back in the 60's and 70's we used to try as instructors to tell everyone there's not much to see beyond 130 feet. O f course it depends on what you're interested in seeing. We've all known from the beginning of cave diving in Florida, that the most beautiful and interesting caves are all deeper than 130 fsw. It's sad. You know we tell people, "Don't go below 130", and then we turn right around and do it ourselves. All cave diving instructors dive deeper than 130 feet.

El Nacimiento de Rio Mante

I think it's more realistic to try to establish some guidelines for people who want to venture deeper, rather than say, " D o n 't!" , and be seen as hypocrites. Otherwise people will begin to think, "W ell, if that rule isn't worth paying attention to, maybe they all aren't."
a/c: Deep diving is getting more expensive Do you think that will limit people?
S E : D iving is a m uch more expensive pursuit now then it's ever been. And when the rebreathers start com ing out—Bill Stone's probably real close to having a fully redundant closed circuit system now —it's gonna be even more expensive. Quite frankly, the people who want to do these dives are going to find the money to do them. I remember when scooters first came out. Shoot, I didn't have any money. But I realized if I wanted to continue to do the type of diving I wanted to do, I had to 

step up, borrow the money and buy one. I did. Bill Stone once made the observation that he wasn't aware of any explorers that died rich.
a / c : W hat does it take to be a cave explorer?
SE: You have to love it. You have to love the diving. Loving recognition is not enough. That wears off. That's why you see such a high instructor dropout rate. The ones that got in it because it's another merit badge and everyone around thought it was a big deal—it wears off. You see it over and over again in diving. When I got started in diving back in the sixties, I wanted to be special. I grew out of that and got to where I just loved diving, and that's what kept me going. If I hadn't I would have quit a long time ago.
a/c: Love. Perhaps that really is the key to it all. What's your advice for people who want to expand their diving capabilities?

SE: Don't forget the basics. Make sure you have plenty of gas, make sure you know the way back, and make damn sure if you're going into nitrogen land or helium land, you know what you're doing.
a/c: How about you? Who do you look to for inspiration?
S E : There's a book by Roland Huntford called Last Place On Earth which contrasts the exploration styles of Robert Falcon Scott and Roald Amundson in their drive to reach the South Pole. Scott was theguy with all the m oney, recognition, power and supplies, which he arrogantly threw at the problem. Amundson was poor and didn't have much, but he carefully thought out everything, every little step of the way with infinite  preparation. He listened to everyone for advise, even the Eskimos who Scott thought were ignorant savages who couldn't possibly have any ideas. The end result was that Amundson got to the South Pole first and Scott wound up k illin g  him self and a lot of other people. I think Am undson provides a tremendous role model for explorers and divers.

a/c: What are your diving plans Sheck? 
SE: I have a cave real close to me here on my property. In fact, it's under my feet as we talk. The last time I went diving there I was over two miles underground and the

continued on page 70
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The Story Of CO2 Build-up
by The Reverend Edward Lanphier

"I started out writing a "scientific" sort of 
thing, but it kept putting me to sleep. So I 
decided to try taking experiences of my own 
as a skeleton on which to hang facts, using 
more colloquial language. I like the result 
very much better; and I hope that will be 
acceptable to you."

How did I ever get myself into this? 
That question crossed my mind; but I 
knew the answer, and it felt good. "This" 
was trying to determine oxygen 
tolerance limits for US Navy oxygen and 
mixed gas diving. The year was 1953, 
and I was under pressure equivalent to 
50 feet of sea water in the "wet pot" of a 
research chamber at the old US Navy 
Experimental Diving Unit (EDU) in 
Washington, D.C. I was Assistant 
Medical Officer and Physiologist there. 
In those days, the only assurance the 
enlisted divers had that an experiment 
was reasonable was the willingness of 
officers like me to go through it 
ourselves, which we always did.

Right then, I was swimming 
vigorously on the "trapeze swim 
ergometer" that Engineering Officer 
Jolly Dwyer and I had dreamed up for 
just such purposes. I was very glad that 
I'd spent weeks working out in the pool 
with my giant duckfeet to get in shape 
for runs like this. We had to be working 
hard to make the tests meaningful; 
exertion was one of the main factors 
known to make oxygen toxicity come 
on sooner. My legs were handling the 
load pretty well, the full-face mask was 
supplying plenty of pure oxygen, and 
the 15 minutes of the test must have 
been nearly over. A week or so before, 
I'd made the same run, 15 minutes at 50 
feet, with no problems, but the work 
load had been lighter then.

I wasn't expecting any trouble, but 
very suddenly one of the muscles in my 
right leg contracted sharply— 
involuntarily and uncontrollably. It 
didn't last for long, but it upset my 

swimming completely. Could this be a 
warning of an impending oxygen 
convulsion? It probably was. If so, I was 
lucky. Some of the subjects, like Dwyer, 
had gone into grand-Malabar epileptic
type seizures with no warning at all.

I started to get off the "trapeze," 
and my alert in-water tender grabbed 
me. Good thing! Now I was having 
great all-over jerks and spasms and

couldn't help myself at all. The tender 
maneuvered me to a ledge where he 
could keep my head out of water, and 
he took off the mask so I could breathe 
chamber air instead of oxygen.

The outside tenders kept us at the 
50 foot pressure to make sure they 
didn't cause gas embolism by 
decompressing me with airways in 
spasm. Gradually, I straightened out. 
Otherwise, I'd probably have gone on 
into a full seizure with unconsciousness 
and board-like rigidity followed by 
violent thrashing. No wonder scuba 
divers usually drowned when this 
happened to them in open water.

Anyhow, I'd been lucky. They told 
me later that I'd stopped at 14 minutes, 
45 seconds, just 15 seconds short of my 
goal. That was OK. If I'd been the whole 
15, we would never have known how 
close I'd been to real trouble. As it
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turned out, that was the riskiest dive in 
the entire series; and we set the final 
limits well on the safe side of that.

The divers were instructed to quit if 
they developed any of the recognized 
warning symptoms like muscular 
twitching, nausea, dizziness, or 
abnormalities of vision or hearing. But 
a symptom like that was often not 
definite enough to add to the data. 
Convulsions were the unquestionable 
thing, and they were bound to happen 
occasionally. Neither brain waves nor 
anything of that sort would provide 
adequate end points.

We knew from earlier studies, 
especially those conducted by the Royal 
Navy, that developing reasonable 02 
limits wasn't going to be easy. For 
reasons largely unknown, oxygen 
tolerance varies greatly between 
individuals and even in the same person 
from one time to the next. The best we 
could do was to draw a line at times 
that missed, by a reasonable margin, the 
instances of apparent toxicity of 
different depths.

For simplicity, we'd started out with 
pure oxygen; and most people thought 
we could just translate the limits to 
mixed gas on the basis of inspired 
oxygen partial pressure (PO2), much as 
the nitrogen pressure was used to figure 
mixed gas decompression according to 
the "equivalent air depth" principle. 
Fortunately, we decided to test the 
tentative PO2 limits with dives on 
mixed gas at greater depths. What 
happened then gave us a real shock. 
Convulsions occurred with nitrogen
oxygen mixtures at pressures and times 
that should have been safe. The results 
were quite different from those with 
100% 02, and at first there was no 
obvious reason.

Diving medical people had known 
for some time that when carbon dioxide 
accompanied inhaled oxygen, the onset 
of toxicity was speeded up. A few years



before our study, Dr. C.J. Lambertsen 
and his research team at the University 
of Pennsylvania showed why. CO2 not 
only derails a mechanism that normally 
helps protect the brain from high PO2 
but actually increases brain blood flow 
and the "dose" of oxygen reaching 
brain tissue.CO2 buildup was a frequent 
problem in closed circuit scuba, where 
failure of the CO2 absorbtion system 
could easily occur. Excessive dead space 
in the breathing circuit is another cause. 
We could find nothing about our setup 
that would have added CO2; but at 
about this time, studies elsewhere 
suggested that some divers held onto 
excessive amounts of the CO2 produced 
in their own bodies. Wouldn't "retained" 
CO2 have the same effect in the brain 
as CO2 that is inhaled?

Body metabolism involves 
consumption of oxygen and production 
of CO2. Muscular effort greatly 
increases both processes. Oxygen is 
supplied and CO2 is removed by 
diffusion between blood and gas in the 
lungs. Normally, ventilation of the 
lungs and lung blood flow increase 
along the CO2 production in such close 
proportion that the partial pressure of 
CO2 (PCO2) in arterial blood leaving 
the lungs is almost steady over a wide 
range of exertion.

We had to go through a major 
research effort to be sure of what was 
going on, but it became clear that some 
of our divers did not increase their 
breathing sufficiently when they 
worked, developing a high PC02 as a 
result. This tendency was aggravated, 
apparently by higher gas density and 
increased work of breathing, when 
mixtures were tested at greater depths. 
It's been suggested that 02  toxicity may 
increase during exertion only if body 
PC02 levels increase; but this idea has 
never been tested.

The divers who didn't breathe 
enough came to be called C02 retainers. 
We were never sure how they got that 
way, nor were we able to find a sure-fire 
way of identifying them in advance. 
Most of our retainers were hardhat 
divers, and being exposed to high C02 
levels in the helmet may have blunted 
their breathing response to C02. But 
our champion retainer hadn't done 
much actual diving.

Submarine escape training tank 
instructors at New London did a lot of 

deep breath-hold diving, and low 
response to C02 wasn't surprising in 
them. In frogmen, retaining C02 
appeared related to years of habitual 
"skip-breathing" attempting to save air 
during SCUBA dives.

Most retainers showed unusually 
small increases in breathing when they 
inhaled various percentages of C02, but 
this characteristic wasn't dependable 
enough for a good test. The retainers 
didn't form a distinct and easily 
identifiable group; they covered the 
range from "almost-normal" to "far- 
out." In more recent years, we tried to 
study C02 retention at the University 
of Wisconsin. We focused on scuba 
divers who claimed to use less air than 
anybody, or who had C02-type 
headaches during or after dives. We 
found that the only conclusive test was 
measurement of the PC02 in blood or 
expired gas during exertion in water. 
We found only one young man who 
had responses entirely like those of our 
retainers at EDU; and in him, there was 
no obvious cause.

Actually, we didn't find Sam. He 
found us. He was an avid scuba diver, 
but he'd had some very scary 
experiences at depth, enough so that he 
was willing to consult my laboratory 
and be studied. He'd nearly passed out 
at depth on several occasions and once 
had a massive headache with nausea 
and vomiting for hours after aborting 
such a dive.

C02 Retention and “Narcosis”
Sam's case reminded us that 

speeding the onset of oxygen poisoning 
isn't the only serious consequence of 
C02 retention. One of our EDU 
retainers had passed out during a simple 
air dive to 150 feet in the wet pot. A 
student at a Navy diving school had 
been sent to us for study when he lost 
consciousness on a shallow open-water 
training dive, and we found that he 
retained CO2 to a marked degree. 
Almost all authorities assumed that 
CO2 excess would be signaled by 
increases in breathing that couldn't be 
missed, but we had learned that this 
isn't always true.

I'm the exact opposite of a CO2 
retainer; but I discovered that I wasn't 
immune to serious CO2 effects. A 
student and I were testing a new bicycle 
ergometer at 7.8 atm (224 ft.) in the dry
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chamber in my lab in Buffalo. Nitrogen 
narcosis is very evident on air at that 
pressure, but we were doing ok until we 
started breathing on the measuring 
circuit. That, it turned out, gave us only 
about half the air we needed at the 
work rate set on the bike. Herb tried the 
bike first. He stopped pedaling after 
about three minutes, out cold with his 
eyes rolled back.

As soon as I could get Herb out of 
the way, I took the bike. I knew I wasn't 
getting nearly enough air, but I was too 
narc'd to think straight and was 
determined to finish the 5-minute test 
no matter what. I pedaled myself right 
into oblivion, and coming around 
slowly afterwards with a horrible feeling 
of suffocation was the worst experience 
of my entire life. Both of us surely 
would have drowned if such a thing 
had happened when we were alone 
underwater.

CO2 can knock you out all by itself, 
but the combination with nitrogen 
narcosis is especially potent. It turned 
out what we weren't the first to discover 
that, and others since have described 
similar effects. On the day we started 
studies on Sam, the latest issue of 
Undersea Biomedical Research arrived. It 
carried a fine description of studies on 
two British divers who had passed out at 
depth, apparently because of CO2 
retention.

In 1980, we invited world 
authorities on CO2 and related matters 
to Madison for a conference on loss of 
consciousness in divers. There was no 
question that CO2 could sometimes be 
a major problem, but not much new 
information surfaced. Since then, there 
have been scattered reports of fatalities 
or near-misses that sound like CO2 
narcosis with or without nitrogen 
effects. Very recently, reports from the 
US Navy and from Dr. Lundgren's 
laboratory in Buffalo have stressed the 
precarious mental condition that can 
develop in hard-working dives with 
CO2 buildup.

Conclusions.
It is hard to say whether excess CO2 

is more hazardous with high PO2 or in 
situations involving narcosis. Under 
sufficiently stressful diving conditions, 
such as very heavy exertion, unusualork 
of breathing, or failure of CO2 
absorption, CO2 build-up can threaten

 

 

 



any diver. C02 retainers who do not 
realize that they have this problem are 
certainly at the greatest risk of all, and 
we know no easy means of identifying 
them. My own opinion is that any diver 
who habitually uses less air than 
otherwise comparable divers, or who 
often has headaches associated with 
diving, or who has experienced 
unusually severe narcosis should dive 
with particular caution. A CO2-response 
test in a pulmonary function 
laboratory, and an exercise stress test 
with measurement of expired volume 
and alveolar or blood CO2, may be 
indicative especially if the results are 
abnormal. Normal findings do not 
necessarily rule out the retention 
tendency.

Good advice for all divers is to not 
"push the limits," particularly those 
who may be CO2 retentive. The general 
"rules" for oxygen or mixed gas safety 
may be just fine for almost everybody 
else. Likewise, "safe" depth limits, 
"moderate" levels of exertion, and usual 
warnings of 02 toxicity or C02 
poisoning definitely do not apply to 
everybody equally; individual 
susceptibility is always a major factor. 
Though the US Navy has liberalized the 
oxygen limits that we worked out in the 
195O's; the 1987 Diving Manual, 
Volume 2, contains this inconspicuous 
but important proviso on page 16-4:

"Although the limits 
described in this section have been 
thoroughly tested and are safe for 
the vast majority of individuals, 
occasional episodes of central 
nervous system oxygen toxicity may 
occur. This is the basis for the 
practice of requiring buddy lines 
on closed-circuit oxygen diving 
operations/'

Dr, Lanphier has been involved in dive- 
related research since 1951. He is now a 
Senior Scientist in Preventative Medicine at 
the University of Wisconsin,Madison, and 
Assistant Director for Biomedical Research at 
U. W. Biotron. His current research concerns 
decompression and is supported by the 
University of Wisconsin Sea Grant Institute. 
Dr. Lanphier can be contacted at U. W. 
Biotron, 2115 Observatory Dr., Madison, 
Wisconsin 53706

CO2 Risk Management 
Summary

by Bret Gilliam
Carbon dioxide (C02) makes up 

approxim ately 0.03% of the 
atmosphere, for a partial pressure at 
sea level of about 0.0003 atm or .03 
kPA. At low concentrations, it is 
colorless, odorless, tasteless, and 
nontoxic, but in greater percentages or 
at high elevated partial pressures, it 
has an acid taste and can be toxic to 
humans.

Carbon dioxide is a waste product 
of the body’s m etabolic energy 
production process and is eliminated 
during the exhalation phase of 
respiration. Almost a liter of carbon 
dioxide (C02) is produced for every 
liter of oxygen consumed the human 
body . The exact amount depends on 
the individual and varies according to 
diet, and can change dramatically 
when a diver is subjected to to 
increased workloads and exercise. 
CO2 also serves as the primary 
stimulus to breathing. That’s why 
excessive hyperventilation prior to 
extended or deep breathhold diving is 
dangerous and insidious.

Hyperventilation reduces normal 
levels of C02 and thus lowers the 
urge to breathe enabling the 
breathhold diver to m omentarily 
extend his or her bottom time. If the 
oxygen partial pressure is reduced too 
far the result can be hypoxia, or 
“shallow water blackout”. Essentially, 
the body’s normal warning system is 
temporarily disabled and is slow in 
alerting the diver to his or her hypoxia 
crisis. Several champion free divers 
have fallen victim to this phenomenon 
and it is strongly advised that 
breathhold divers refrain from 
excessive hyperventilation techniques.

Another problem for scuba divers 
is 002 retention. This can arise from 
poorly performing equipment and 
inadequate ventilation of the lungs for 
exam ple, as a result of “skip 
b rea th ing .” Symptoms of carbon 
dioxide build up include headache, 
weakness, labored breathing, a feeling 
of air hunger,nausea, dizziness and 

confusion and eventually loss of 
consciousness at very high levels. 
Observable signs are typified by rapid 
breathing, clum siness or foolish, 
incoherent actions and the slowing of 
response.

Some individuals are more 
sensitive to C02 build up then others, 
and are often categorized as “C02 
retainers.” Many diving physicians are 
sufficiently concerned about this 
abnormality in divers that they will 
recommend exclusion if a 
predisposition to C02 retention is 
detected.

It is extremely important for divers 
to consider the effects of C02 in 
planning their diving activities. Aside 
from the potential problem of 002 
toxic ity  itse lf, elevated partia l 
pressures of C02 contribute to the 
onset and severity of both nitrogen 
narcosis and CNS oxygen toxicity.

There are several ways in which 
divers can manage these risks. First, 
matching the performance of a 
regulator to the diver's operational 
needs is vital. Breathing resistance 
and exhalation should both be 
considered. Note that increased gas 
density with depth can potentially 
overload a regulator. Make sure your 
regulator is capable of delivering the 
performance required. Ask for the test 
results. Proper breathing techniques 
are also essentia l. Never "sk ip  
b reathe.” If your worried about 
conserving gas you should probably be 
carrying more. Slow deep ventilation 
cycles are recommended. And 
remember, not to get out of breath. 
Finally when utilizing closed 
environm ents such as a 
decompression station make sure 
venting is adequate.

Bret Gilliam is a diving consultant, 
instructor, and recom pression  
chamber supervisor with over 12,000 
dives. He is also is the lead author of 
the new book titled, "Deep Diving, An 
Advanced Guide To Physiology, 
Procedures and Systems."He can be 
contacted at: Ocean Tech, 3098 Mere 
Point Rd., Brunswick, ME 04011 Fax: 

207-442-9042.

 
 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 

 
 
 

 
 
 
 

 
 
 



< /e  le tterEXLEY ON MIX
condinued from page 66

thing was still 50 feet wide and 20 feet 
high and going strong. No fellin' how far 
it goes. I haven't seen that anywhere else. 
All these other Florida caves start 
branching out, getting smaller; this one 
just keeps on going and going and going. 
I'd like to see what's back there, but I'm 
not sure I'll be able to do it with the 
technology we have right now. A lot of our 
technology may be obsolete here in a short 
while.

a/c: I guess you're gonna have to borrow 
some more money and plunk it down on 
one of Stone's rebreathers.

SE: And then there's hydrogen. From what 
I've been learned there seems to be some 
real potential for hydreliox though no one 
has looked at it's use for deep bounce 
dives. With the kind of compression rates I 
was dealing with at Mante, you need the 
heavy nitrogen to avoid HPNS, but I'd 
rather have the hydrogen.

a/c: What about Mante; are you planning 
to dive any deeper?

SE: I've had opportunities to go deeper, 
but it looks real unlikely with my 
advancing age that I'll go back down there. 
I'd like to see more people go as deep as 
I've been in Mante before I go too much 
further. Since Jochen got the bends so bad 
he had to quit diving, there is no one else 
who's been beyond 500 fsw.
You know it's funny, on my last two 
Mante dives, my first decompression stops 
were at 520 feet. Only one other person 
had ever been that deep and here I was 
making a decompression stop. How crazy 
can I be? I'd like to see Jim King and some 
of the others start diving to 500 feet, then 
I'd feel better about going a little deeper.

a/c: Five hundred feet. A thousand feet. 
Pretty heady stuff. What do you think the 
ultimate limit is?

SE: There is no limit. We'll always find a 
way to go deeper and deeper. That's been 
the pattern all along.Ten years from now, 
twenty years from now, people will be 
doing things we've never dreamed of. And 
I see no reason for it to change.

Sheck Exley can be contacted at Rt 8, Box 373, 
Live Oak, FL 32060, where he teachs cave and 
mixed gas courses. His books, include, Basic 
Cave Diving: A Blueprint For Survival 

personnel associated with a given dive 
operation. Specific requirements depend of 
course on the operational parameters of 
the dive. Interestingly enough, technical 
diving may require greater training and 
knowledge at a diver level than the 
commercial industry, since the diver has to 
plan and manage his or her own gas supply, 
mix, decompression etc. Something to think 
about. — a/c

For The Masses Or The Classes 
aquaCorps has been a new frame of 
reference where divers like myself can 
honestly start talking about issues totally 
ignored by the typical sport diver and their 
certification agencies. Having said that 
however, I must express a concern that has 
surfaced, no pun intended.
I know it is necessary to define the limits of 
scuba by demonstrating what the ultimate 
fringe is up to. It makes for exciting reading 
and interesting conversations. However I 
hope that after demonstrating these limits 
over the next few issues, aquaCorps will 
not become a journal exclusively for those 
technical divers who are professionally 
funded to levels unattainable by the 
majority of other technical divers.
Frank Novak
Mentor, Ohio

We can all learn from the big projects and 
the experiences of the individuals who are 
working the envelope; that's where the 
development work is going on. The 
important thing to realize is that the 
methods and much of the technology 
they're utilizing is now becoming available 
to all of us. Our focus will be to help you 
understand the latest thinking and 
developments, relate the experiences of 
leading divers and practitoners, and help 
you apply it to your own diving environment 
and application. And have some fun to boot 
.That’s our rock’n ’roll strategy. Please let 
us know how how we 're doing. — a/c

Keeping Our Subscribers in Mind
Like PFM , my long awaited issue arrived in 
the mail. It was a pleasure to read it, but I 
have a question with regards to your newly 
revised subscription offer at the the back of 
the journal. My interpetation of this 
information is that this latest issue of the 
journal will be my second and I will only be 
receiving two more for my $39. Originally, I 
understood that I would receive six issues 
with my subscription. I hope that your intial 
subscribers who paid $39 under the 
premise that they would receive six issues 
will be kept in mind as future issues 
approach. Looking forward to the best of 
the best.

Robert Seitz
Metro Dade Police
Underwater Recovery Unit

We ’ve been working hard over the last year 
to find the formula with regards to format, 
content, advertising etc., that will allow us 
to provide quality information to our 
subscribers on a consistent basis, and at 
the same time will represent value for your 
money. Our current subscriber plan gives 
you seven issues in total (four newsletters, 
two journals and one guide) versus the 
original six. We appreciate your patience 
and willingness to work with us on this 
issue, particularly those brave souls who 
signed up at the beginning. We are 
definitely keeping you in mind. — a/c

If  A ll Else Fails Call 1-800 -
Having perused a copy of DEEP, courtesy of 
my Poseidon / Zeagle rep, I entered my 
subscription to your journal and have yet to 
receive anything. Every day I’ve trekked to 
my mailbox ardently hoping for my copy of 
what appears to be a well-written, highly 
interesting, topical and thought provoking 
journal all to no avail. Each day yields 
greater disappointment, " Have they 
forgotten me? Have I been left by the 
wayside in this increasingly complex 
technological society? Is it just that they 
don't like the way I spell my name?” It’s 
come to the point I’m holding a suicide 
prevention hotline number in one hand, and 
“flicking my Bic” near my oxygen filled 
aluminum 80 with the other. The time is 
ticking down.Please send me a copy of your 
publication post haste.
Sign me forlorn In Escondido,
Perry Armor 
Escondido, CA

Dear Forlorn,
Enclosed is your copy of the journal. My 
apologies for the wait. Because of our small 
staffing level, we often wait to accumulate 
orders and process them in batchs. 
Sometimes this causes delays, a situation 
we’re working to gradually improve. If you 
think we might have missed your order, 
please call our toll free number and leave a 
detailed message and your address ( it's 
often difficult and expensive to return calls) 
or drop us a line. How high do you have that 
“oxygen-cleaned” 80 pumped to anyway? —  
a/c

Letters to should be addressed to: 
aquaCorps, 590 Se 12th St, Suite 
301, Dania Beach, FL 33004
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Lifetime members

Our sincere thanks go out to those 
brave souls who signed up for a 
lifetim e of in fo rm ation . Your 
support has been invaluable and 
has gone a long way in making 
aquaCorps possible and keeping us 
alive,well and publishing.

Glen Armentor 
James Brown 

Norman R. Cooter 
Samy Elashmawy 

John Griffith
Pam Dillingham-Hucht 

Jim King 
Stephen Ligtelyn 
Robin Lockwood

Mike Madden 
Hardwin Mead 

Brian Skerry 
Peter Storm

It's ok. We're on mix!

" For me the w orld  is w ierd  
because i t  is stupendous, 

awesome, mysterious, 
unfathom able; m y in terest has 
been to convince you th a t you 

m u st assum e responsibility for 
being here, in  th is marvelous 

§ world, in th is m arvelous desert, 
g in th is m arvelous time. I  
* w an ted  to convince you th a t 
§ you m u st m ake every a c t count, 
S since you are going to be here 
£ only for a  short while; in fact, 
> too short for w itnessing a ll the 
|  m arvels o f  it."
« Carlos Castenada,

Journey To IxtlanSpecial Mix Summary
• Special mix can be used to improve 
diving safety and performance and is 
applicable to a wide range of diving 
applications and environments, from 
recreational diving to exploration.
• The most common form of special 
mix is enriched air which offers 
significant decompression benefits 
over air and will likely become the 
diving gas of choice for most shallow 
water diving applications . Helium- 
based mixes such as trimix and heliox, 

are also growing in use for deep dives 
because of the enormous safety 
advantage and extended capabilities 
they add. In addition, the practice of 
using of in-water oxygen for 
decompression is emerging as a 
community standard for dives requiring 
more than about 20 -30 minutes of 
decompression.
• Though the use of enriched air is 
relatively simple and requires 
minimum training, in general the 
safety and performance benefits of 
special mix come at the expense of 
increased planning, logistics and
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expense. Knowledge and understanding, 
the proper equipment and training are 
required to safely and effectively use these 
tools.
• Currently there are a growing 
number of facilities and instructors 
that offer special mix training, and the 
availability of alternative gas mixes is 
becoming more widespread. We 
reccomend that interested individuals 
seek out knowledgable and 
experienced instructors and operators 
in order to get the neccessary training. 
And remember, safety should 
always be the first priority.
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