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

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

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

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

Now more than 30 years later, I have begun to release sponsored, digital copies of the 
original magazine including the aquaCORPS MIX issue, C2 (rebreather) issue, and this 
issue of BENT.  I want to thank my illustrious, sponsors, all of which are pioneers in their 
own right, for making this possible. You will find some of their content inside, in what is 
otherwise the original magazine. 

Over the next few years, I plan to progressively release digital versions of all of the back 
issues of aquaCORPS/technicalDIVER. These will be distributed by our sponsors and a 
copy will reside at www.aquaCORPS.online. Thank you for your interest
Michael Menduno/M2 



April, 2022—Nearly 30 years ago, we 
devoted an issue of aquaCORPS to 
the subject of decompression illness 
(DCI). It was titled “BENT” and presen-
ted the latest thinking on the theory, 
classification, treatment, and human 
factors associated with DCI. In fact, it 
featured the work of some of the top 
researchers in the field including; Carl 
Edmunds, T.J. R. Francis, RW Hamilton, 
Jennifer Hunt, Phillip James, CJ Lamber-
tson, Surgical Capt. Pearson, Capt. Ed 
Thalmann, Richard Vann, and John Zu-
mrick. Note that mixed gas dive compu-
ters were not available yet, and so vir-
tually all technical dives were conducted 
with tables, either generic or softwa-
re-generated for the specific dive.  

At the time, tech divers were pushing 
our underwater envelope in terms of 
depth and time, and we expected in-
cident rates to increase accordingly. 
Unfortunately, there was also a consi-
derable amount of blame and shame 
associated with DCI, and affected divers 
often didn’t report the incident and or 
were  in denial. In my editorial, I likened 
the stigma of getting bent to that of 
contracting a sexually transmitted dise-
ase (STD). 

For this digital re-issue, I thought it 
would be interesting to reach out to 
some of DAN Europe’s leading hyper-
baric physicians and ask them to weigh 
in on how our understanding and treat-
ment of DCI has changed over the last 
30 years and add it to the original issue 
published in January 1993, along with 
some information from our sponsor 
DAN Europe. Here’s what their doctors 
had to say about the changes in our 
understanding and views towards DCI. 
Feed your head—Michael Menduno

What would you say are the most si-
gnificant changes and or improvemen-
ts in our understanding about DCI/
DCS, over the last thirty years? 

Costantino Balestra (CB): We have less 
confidence than we used to in trying 
to understand decompression sickness 
(DCS) with a purely physics-based ap-
proach relying only on saturation and 
desaturation. We now understand that 
activities undertaken before the dive 
are important, as is the diver’s general 
health. Both affect the population and 
diameter of micronuclei (in the micro 
world) and/or Static Metabolic Bubbles. 
(See Alert Diver: It’s The Metabolism, 
Stupid: A New Model for Bubble Forma-
tion.)

Other interesting discoveries include 
heritable traits that offer some DCS 
protection, as well as minor differences 
in susceptibility between males and 
females. Finally, microparticles can act 
as “second-generation micronuclei” 
and facilitate DCS, depending on your 
pre-dive activities.

Peter Germonpré (PG): For a long time, 
DCS was considered a “bubble disease”, 
with symptoms related to ischemia cau-
sed by entrapment of bubbles in small 
blood vessels. Over the past 15 years 
however, a number of biochemical 
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Adel Taher (AT): We now have a much 
better understanding of:

•	 The origins of bubbles, 
•	 The mechanisms of inflammatory 

reactions, 
•	 The “Oxygen window”,
•	 Isobaric counter-diffusion (ICD), 
•	 The mystery of “undeserved hits”, 
•	 Utilising heliox (HeO2) as a gas in the 

treatment of DCS/DCI incurrent in 
sport and recreational diving, 

•	 Recognizing that DCS is to a great 
extent a disease affecting micro-cir-
culation.

 
How about in terms of treatment 
protocols? What have been the most 
significant changes/developments, if 
any, in that period?

CB: There have not been many changes, 
except maybe the addition of treatment 
with anti-inflammatory, lidocaine, or 
aspirin. As far as In-Water Recompres-
sion (IWR) is concerned, it’s still under 
debate. However, the use of full face 
masks with communication and other 
equipment for IWR, in conjunction with 
improved training, has improved safety.

PG: Treatment protocols have not chan-
ged much, although there now is a ge-
neral consensus that treatment tables 
should be high-oxygen, shallow depth 
(meaning US Navy Tables 5, 7 and equi-
valents, such as Royal Navy and COMEX 
tables). Heliox may be used as a tre-
atment gas for slightly deeper recom-

effects caused by inadequate decom-
pression have been discovered. These 
systemic inflammation reactions may 
well be equally or even more impor-
tant than the purely ischemic effects. 
What’s more, the biochemical effects 
appear to be present even if no bubbles 
can be detected by doppler or echo-
cardiography techniques. Finally, there 
appears to be a correlation between 
between how the body responds to 
this inflammation and the outcomes of 
recompression treatment for DCS.

Alessandro Marroni (AM): The dif-
ficulties encountered when trying to 
“mathematise” biology left us with gas 
physics as the only viable basis for de-
compression models. This resulted in a 
series of developments, beginning with 
the revision of Haldane’s original 2:1 
critical supersaturation ratio, the intro-
duction of considerations for physiolo-
gical factors, e.g. with Buhlmann’s A, B 
and C models and the inclusion of data 
on estimated cardio-respiratory stress. 
These were followed by the advent of 
probabilistic models based on outcome 
likelihood, like the US Navy tables, and 
later bubble models (Yount et. al. ) and 
Bruce Wienke’s gradient-bubble appro-
ach, which was supported by an outco-
me-based dive database.
All these models were created in re-
sponse to DCS events occurring after 
dives that would have been deemed 
“safe” by the “The Tables,” which were 
subject to empirical adjustments. For-
tunately, Haldane had it almost right. 
His work saved thousands of lives and 

prevented even more DCS cases. The 
empirical adjustments, which were ba-
sed on sound theory, were only able to 
make make small, albeit still significant, 
improvements.
The most significant development 
was and remains the reclassifications 
of  DCS as a biologically-driven illness, 
where inter- and intra-individual chan-
ges play a role. In this new approach, 
bubbles play a role as a trigger but are 
not the only factor under consideration 
– an individual’s physiological and pa-
thological response can make the diffe-
rence. 

In my opinion, current improvements 
in our understanding are driven by the 
unprecedented wealth of data collected 
from tens of thousands of fully-monito-
red dives, which are being scientifically 
and epidemiologically evaluated by 
multiple research groups around the 
world. Thanks to the participation of 
so many divers who donate their com-
puter logs to science, researchers have 
been able to pursue more in-depth 
studies to better explain the many in-
dividual differences observed. This has 
led to more detailed studies involving 
blood chemistry, genetic factors, origin, 
prevention, and treatment of divers’ re-
sponses to stresses of compression and 
decompression.

Last and not least, these developments 
highlight the need to further investigate 
skills, tools and methodologies to moni-
tor divers’ behaviour and physio-patho-
logical responses underwater. This has 
led to the development of advanced 
underwater telemedicine technologies.
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pression, and avoiding oxygen toxicity 
but may have a therapeutic benefit by 
itself. However, owing to divers’ varying 
presentation of DCS and the paucity of 
hyperbaric centres, it is very difficult to 
formally test the efficacy of one treat-
ment protocol against another. 

Recent consensus regarding In-Water 
Recompression recognizes IWR as a 
useful and effective form of treatment 
in remote places. However, it has signi-
ficant risks and should only be under-
taken by a trained group of divers who 
have set up all the necessary treatment 
and safety equipment beforehand and 
have practiced the procedure. Medi-
cal guidance is essential. In my view, 
IWR should be evaluated similarly to 
a hyperbaric chamber on-site: If the 
chamber has not been set up and te-
sted beforehand, if no-one has been 
trained to operate the chamber, or if 
there is no medical guidance on how to 
select a protocol and monitor the pa-
tient during treatment, then it should 
not be used, as it may be more dange-
rous than helpful.
AM: Frankly, there have been few chan-
ges. Thirty years ago, the main appro-
ach was to treat all surface-to-surface 
diving injuries with the Workman and 
Goodman Oxygen Tables, and this is 
still so, although some approaches for 
introducing 4 ATA Helium-Oxygen tables 
(such as COMEX CX 30 and variants) are 
being used successfully. Now that the 
inflammatory nature of DCS is better 
recognized, we also have more insight 
into the use of drugs as a complement 
to hyperbaric oxygen treatment (HBOT) 
and the importance of proper hydra-
tion during treatment. All in all, in my 
opinion, the treatment of DCS has been 
pretty consistently based on the original 
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US Navy Oxygen Tables.
In-Water Recompression, which has 
been debated and generated some con-
troversy, deserves a few words. It was 
initially overhyped, then demonised. In 
my opinion, it may have a place when 
other modalities are not feasible, spe-
cifically when the diver is at a distance 
from the nearest chamber that would 
make evacuation impracticable. Simi-
larly, much has been written about mild 
DCS cases being treated with normo-
baric oxygen and fluids only, especially 
in remote areas. But the truth is that 
neither is an “easy way out.”  

IWR and normobaric oxygen treatment 
both require technical knowledge, 
logistics, adequate materials, and staff. 
They both require knowledge, as well 
as the ability to conduct an evaluation 
and reach a differential diagnosis. Both 
would be better done with the assistan-
ce of a remote expert on the phone, 
radio, internet, or even with the aid of 
the modern telemedicine tools. As I 
said, they are not the easy way out.

When a diver or a group of divers un-
dertake expeditions or exploration dives 
where such difficulties may be encoun-
tered, then awareness, preparedness, 
competence, skills and practised drills 
may make the difference between suc-
cess and catastrophe.

AT: The dawn of organised resear-
ch through scientific entities such as 
the UHMS, EUBS, GTUEM, OEGUHM, 
ECHM, EDTC, DMAC and DAN Europe 
has helped establish codes of good 
practice and guidelines.
USN TT 6A is not popular anymore as 
the sole treatment for AGE/CAGE, 

Introducing the classification of symp-
toms into “mild” and “severe” has 
opened the door for the treatment of 
“mild” symptoms with normobaric oxy-
gen and adequate hydration rather than 
compulsory recompression in remote 
areas.

In-Water Oxygen Recompression has 
finally been accepted as an emergency 
modality for treatment when a recom-
pression facility cannot be reached, 
provided a trained team and all ade-
quate equipment are available and safe 
oxygen partial pressures are respected. 
Some tech training agencies now teach 
In-Water Recompression as a specialty 
course. 

The relation between proper on-site 
first aid and oxygen delivery, using nor-
mobaric oxygen during transport, and 
the number of treatments has been 
established.  

Has the incident rate of DCS among 
sport divers improved over the last 
thirty years?  Why or why not?

CB: There have not been many chan-
ges, although we now understand more 
about DCS and the procedures for 
tackling it. We have probably reached 
the maximum of what can be done wi-
thout changing procedures.

PG: It’s difficult to say — many divers 
still do not seek out advice or treat-
ment unless they have been severely 
affected. Diving safety organisations 
such as DAN, of course, collect data, but 
even that is only partial and may be bia-
sed through coming from a safety con-
scious population, i.e. DAN members.
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AM: I would say not. The reason is, that 
in my opinion, divers do tend to dive 
very conservatively, irrespective of what 
they tell after their dives! A study done 
30 years ago over 21,000 recreational 
dive profiles, showed that 80% of the 
dives were completed within a gradient 
factor (GF) of 60, just under 20% were 
completed with a GF between 60 and 
80, very few ended with a GF between 
90 and 100 and only a single-digit num-
ber beyond 100! Not surprisingly our 
2017 study of nearly 40,000 fully-mo-
nitored dives showed similar results.  If 
divers had been regularly diving close to 
the sanctioned and allowed limits, we’d 
probably have witnessed a different 
incidence rate.

AT: 
•	 In the South Sinai we have not ob-

served any evident improvement, 
although I have to say that we do 
not know the exact number of di-
ves made in the last years. So, my 
answer is more speculative than 
factual.

•	 We have observed a low level of di-
ving and dive safety education in the 
current dive generation. Instructors’ 
knowledge level is below average 
in matters of diving physiology and 
pathophysiology of DCI

•	 Some divers “buy” their certificates 
in their countries and, as a result, 
have very little knowledge of diving 
physiology and low safety aware-
ness. 

•	 Divers dive beyond their level of 
experience, and some dive operators 
allow that for financial gain. 

•	 We also have to consider “ageing” 
divers who learned how to dive in 
their 70s and early 80s. They have 
chronic diseases and are taking me-

dication and may not be eligible or 
fit to dive, but many still dive.

•	 A positive impact was achieved by 
introducing nitrox [to the sports 
diving market], especially for dive 
professionals that do extra dives 
securing moorings and tying up their 
dive vessel (e.g. on trips to the Thist-
legorm).

In your opinion, have dive computers 
increased DCI safety, reduced it, or 
had little or no effect?

CB: They are maintaining the status quo 
but may have slightly reduced the in-
cidence cerebral arterial gas embolism 
(CAGE), since the ascent speed is more 
controlled.

PG: Thirty years ago, we used to treat 
a lot of DCS that was presumed to be 
caused by the diver not adhering to the 
dive tables. Nowadays, it is extremely 
rare to see a diver who did not “follow 
the computer.” In that respect, diving 
has probably become safer with dive 
computers. 

On the other hand, divers tend to trust 
their computer’s calculations often 
over and above common sense. Unlike 
tables, dive computers allow any num-
ber of dives in a day as well as reverse 
dive profiles, and many divers do not 
understand the concepts that govern 
dive tables (and are still applied in the 
computer’s algorithm). The most com-
monly heard statement by divers with 
DCI must be, “I don’t understand why I 
got bent, my computer said everything 
was fine.” 
AM: To some degree, yes, they have in-
creased safety, as they made respecting 
the tables or algorithm easier and less 
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based on memory, compared with 
having to regularly check your watch, 
the depth gauge, and then the tables. 
Computers make our life easier and 
following the rules simpler.

But back when computers did not al-
low for setting certain parameters, 
they were subject to the same errors in 
predicting DCS as the tables or original 
algorithms they were based on. A major 
breakthrough was the introduction of 
user adjustable settings such as age, 
water temperature, altitude, initially, 
and later settings with more delicate 
parameters such as gradient factors 
(GFs) or O2 fraction. However, many 
divers adjust these settings without pro-
per knowledge and understanding, so 
they may end up doing more harm than 
good.
Many modern computers now include 
even more sophisticated features, and a 
generation of computers that will adapt 
to an individual’s physiological respon-
se to diving and deco stress is coming. 
This, together with recent advances in 
the knowledge of the complex physio-
logical mechanisms involved in decom-
pression make me very confident in a 
brighter future for diving and diving 
safety.

AT: This is a difficult question to an-
swer! I personally believe that they 
have increased accidents. That is be-
cause divers typically do not take into 
account the ‘limitations’ of dive compu-
ters and the algorithms used. 
A dive computer will never know if you 
are on medication or not, if you were 
dehydrated and suffering electrolyte im-
balance or not, or at the extremes of age. 

The presence of dive computers made 

many training agencies stop teaching 
the dive tables. As a result, many new 
divers lack the basic understanding of 
how the calculations are made to deal 
with the residual nitrogen, and repetiti-
ve dives. They rely entirely on the dive 
computers and generally have no back-
up if anything goes wrong.

I always ask patients that come in with 
accidents about the computers they 
were using. Shockingly, 65% of them 
never read the instruction manual! 
I personally use two dive computers 
and always keep a dive table in my BCD 
pocket.
Do you find that there is still a stigma 
about “getting bent” like there was in 
the late 1980s/early 1990s?

CB: Maybe not stigma, but many divers 
are in denial.

PG: As a diving doctor treating divers 
with DCI, I see it all the time. Many 
divers have the belief that “it will not 
happen to me.” In addition, many divers 
think that if they have done the same 
dive 10 times without incident, the dive 
will ALWAYS be safe. Still, we see divers 
falling into a psychological void after 
getting DCI, believing they are “weak” 
for getting bent. Additional education 
about statistics would  be useful for all 
divers.

AM: Frankly not— at least in the wider 
recreational diving community or even 
in the technical community. The more 
knowledge in the community, the bet-
ter this is understood, and the greater 
the awareness of prevention. Getting 
“bent” is part of the game, and today 
there are many more tools to prevent it 
than before, when it was seen as a de-
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ficiency in the diver. Murphy’s corollary 
to Dr. RW Bill Hamilton’s declaration, 
“Shit happens” :-)

AT: The one thing that remains unchan-
ging isn’t the stigma, but the denial. 
However, there is still some stigma 
among dive centres; they do not want 
competitors to see the rescue boat 
headed to their dive boat to pick up an 
injured diver.

Do you foresee any significant deve-
lopments in the future that will impact 
how we avoid, manage, or treat DCI?

CB: Yes, if we consider what has been 
learnt, and acknowledge that PFOs 
don’t explain everything.
PG: I think we have come to a point 
where for recreational diving, the de-
compression algorithms and dive com-
puters are as good as they’ll ever get, 
and where further improvements will 
be difficult to achieve. However, I think 
that diving instruction should focus 
more on the physiological aspects of tis-
sue saturation and desaturation, in or-
der to help divers understand that dive 
computers are a tool, not the truth. A 
certain extra level of safety must be 
planned to account for the many uncer-
tainties still present in diving physiology. 
I often compare a dive computer with 
a GPS used for mountain hiking in thick 
fog — you would never go to within 10 
cm of the cliff’s edge if you could only 
see it on the GPS screen and not with 
your own eyes. Ironically, divers often 
do just that!

When two divers do the same profile 
on the same dive, and one gets bent 
and one doesn’t, this is most likely due 
to individual physiological differences. 

This seems obvious for easily obser-
vable differences like age, sex, weight 
and general health, but there are many 
other factors (differences between indi-
viduals but also within the same diver, 
changing from one day to another) that 
probably play a role, and about which 
we still do not know enough. Current 
and future research will focus more on 
these factors as a way to understand 
why someone got bent, and then in a 
later stage, propose ways to achieve a 
more “individualised decompression.”

AM: I have already highlighted them 
above. I believe the future is in tele-
medicine and the advancements in 
modern field research, especially that 
currently conducted at DAN Europe.

AT:  I do not foresee a magic pill that 
you take before diving that will prevent 
DCI.  Even with the genetic predisposi-
tion studies showing that some divers 
are more prone to get DCI, others are 
bubblers, while others rarely bubble, 
things will not change dramatically. 

Diving Safety is a matter of common 
sense, and common sense does not 
seem to be very common at all! We 
need to create a new generation of dive 
professionals with a solid foundation 
in diving physiology and the pathophy-
siology of DCI. Training agencies should 
put a bigger emphasis on diving medici-
ne in their basic training and not over-
simplify matters.

Thank you everyone!

Readers, here is the original issue of 
BENT as it appeared in January, 1993.
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BENT 
{Shit Happens} He smoothed down his lapel. "I always wear this pin at decompression meetings" Dr. R. W Bill Hamilton, NAUI ICUE 90CT92. 

With little m e t a p h o r i clicense, decom­pression illness could easily be labeled the "sex­ually transmitted disease" of sport diving. Like STDs, the afflic­tion strikes divers engaged in an activity that is fundamen­tal to their nature. What's more is that there is a disproportionate fear and stig­ma surrounding DCI suggestive of "moral disease," and a surprising lack of understanding regarding the disorder on the part of divers and the industry as a whole. 
Though the origin and cause of this phe­nomena is complex, the situation is not unique to sport divers. In fact, the need to "decriminalize" DCI, the subject of a recent U.S. Airforce workshop, has been a long standing issue in scientific, com­mercial and government diving, as well as in aviation. As summarized by one astronaut at the workshop , "Reporting DCI is not exactly a career-enhancing move." 
This inability or unwillingness to face the facts is the real danger surrounding decompression illness, and in the case of technical diving, an obstacle to its potential growth and development. In order to improve safety- one of the fun­damental objectives in technical diving­we need to be able to straighten out our approach to DCI and remove its associ­ated stigma and fear. Perhaps the first hurdle is better recognition of the statis­tical nature of decompression itself. 

· The popularized Haldanian view of theworld held that DCI was deterministical­ly predictable, that there were absolutelimits. One side of the line represented

safety, the other DCI. Though this view persists, perhaps in part, for the conve­nience of teaching, it has long been known to be untrue. Haldanian algo­rithms work with an "acceptable" degree of reliability, because they are calibrated to real world data-"what works, works." Today leading research has shifted to sta­tistical modeling pioneered by individu­als like Paul Weathersby, Shalini Survanski, Ed Thalmann, Hugh Van Liew, Richard Vann, Bruce Wienke and others. 
As Dr. Hamilton's decompression pin alludes, the view today is that DCI is notan accident. It happens and will contin­ue to happen as a predictable part of div­ing. No significant dive is free of the risk of decompression illness, and it is gener­ally acknowledged, that the risk on some of todays technical-level exposures may be high. Richard Vann, Duke University (see "Decompression Safety" pg. 10) esti­mates the overall sport diving incident rate to be about 0.02% or about "one incident in 5000 dives." Given that the risk for some technical-level dives could reasonably be as much as 5-10 times greater, or "one incident in 500-1000 dives· (an incident factor of 0.1-0.2%)," it is likely that most technical divers will get bent at least once in their diving careers and probably more. Again quoting Hamilton, "It's just like being a cowboy. If you ride a horse enough times you are going to get thrown. Expect it and be prepared to climb back on." 
Given that DCI is and will remain an integral part of technical diving (and diving in general), what should be done? There are several competing approachs. The unspoken recreational "weltan­schauung," might be summarized as fol­lows: DCI is a result of violating the lim­its (see "Straightening Out The Bends" pg. 16) and in most cases means an end tothe individuals diving career. The fewhapless victims of "undeserved" DCIrepresents an unfortunate fluke. Thisview is not very accurate or useful. Incontrast, the approach taken by thecommercial world seems more applica­ble to technical divers and potentiallycontinued on page 58 
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CJrst discovered 1 Sept91 by t divers on the "Seeker," 
captained by Bill Nagle, the 
unidentified VWVII German U­
boat, the "U-Who," laying 63 
miles northeast of Manascuan 
Inlet, New Jersey, in 230 fsw 
(70 msw), has been a source 

of exploration, and three fatai­
ties (see Incident Report," pg. 
51 ). According to veteran 
divers, Steve Gatto, 31, and 
Tom Packer, 35, Atco, NJ, the 
sub is fully intact except for 
the control room, conning 
tower, and a large hole aft of 
the torpedo loading hatch in 

One of France's top cave 
diving teams, led by 

Other reports: 

Chris Lazicki, Jim Hegeman, 
Larry Tucker and John Hall of 
California, recovered the bell 
of the MN Triple Crown (260 

the stem that shows evidence 
of being blown inward. Entry 
into the wreck is tight, and 
once inside, no ambient light 
penetrates. The sub is full of 
debris, silt and tight restric­
tions, and lighting cables 
hang down from the ceiling 

increasing the 
chances of 
entanglement. 
Reports Gatto, 
"The discovery 
of torpedoes, 
dishes and 
potash canis­
ters supports 

the theory she was lost in 
action, but the real c lincher 
was the discovery of masses 
of bones." The U-boat has yet 
to be identified. 

Steve Gatto, 33 Pamela Ct., 
Atco, NJ 08004. 

Claude Touloumdjian, and 
Frederic Bernard, Marseille, 
France, have been conduct­
ing a series of 30-40 min. 
cave explorations (4-5 hour 
runtime), in the 100-120 
msw (328-394 fsw) range in 
southern France, using trim­
ix, an enriched air intermedi­
ate mix and 02 at 9 msw 
(30 fsw), uti l izing French 
commercial-ba�ed tables 
and "Zepps." In  order to 
counteract the effects of the 
chi l l  8-10° C (48-50° F) 

fsw/78 msw), an oil rig tender 
that sank in 1962 off  the 
coast of Santa Barbara, CA. 
The dives were conducted on 
trimix using BOTH a light 
commercial surface-supplied 
system, and self-contained 
scuba .. 

In Missouri, a cave team of 
Kurt Olsen, Dave Porter, Mike 
Hevsack, Doug Chappell and 
Rodger Gleidt conducted a 
series of major scooter explo­
ration pushes in Roubioux 
Spring, Meremac Spring and 
"Cannonb al l." Maximum 
depths ranged from 145 to in 
excess of 300 fsw (44-106 
msw), with penetrations of 
2100-2400 feet. 

Greg Stanton, director of the 

water temperatures, the 
team has suspended a 
"microbell" at 6 msw (20 
fsw), constructed from a 
large inverted plastic 
garbage dumpster found 
"abandoned" on the streets 
of Marseille, at one of their 
sites. Though there are an 
estimated 200-300 cave 
divers in France, less than a 
dozen are using special mix. 

CRPS, 125 Rue Jaubert, 13005 
Marseille, France. 

Advanced Diving Program at 
Florida State University, 
Tallahassee, FL., reported that 
FSU held its first trimix course 
as a part of a graduate-level 
biology program, the "Grouper 
LJfe History Project." FSU has 
trained over 200 enriched air 
divers, and is expanding their 
blending facility to include 
"nitrox" on-tap, and trimix. 

Jim King, 42, Sevierville, TN. 
reported that the Deep 

Breathing Systems team con­
ducted a week long explo­
ration of Dean's Blue Hole, 
Long Island, Bahamas. The 
exploration team made a 
series of dives to locate con­
necting cave passage and laid 
over 4000 feet of survey line. 
The dives included a 1 2 
minute descent and bounce 
to 670 fsw (206 msw) on trim­
ix 8/70 (8% 02, 70% He), uti­
lizing three intermediate mixes 
arid 02, requiring about five 

Transvaal Underwater
Research Group, led by 

Mike Bailey, Dave Kleinman, 
and Andy Gray, 
Rosettenville, South Africa, 
conducted a series of deep 
"air" bounce dives (5-7 min. 
descent & bottom times) to 
100-102 msw (330-337
fsw) in Danielskvil cave sys­
tem, elevation 4000 feet, in
Northern Cape Province,
South Africa, using modified 
US Navy Tables. Work up 
dives ranging from 40-70
msw (132-230 fsw), were
conducted prior to the
series of jumps. The group
intends to add in-water oxy­
gen to their program and is 
currently investigating the

A team led by Ken Clayton, 
54, Springfield, VA, and 

Gary Genti le, 42, 
Philadelphia, PA, conducted 
a series of three exploration 
dives, Aug90 to June92, on 
the Ostfries land (380 
fsw/116 msw), a "war prize" 
sunk by the US Navy in 
1921 , 72 miles east of Cape 
Charles, VA. The first two 
explorations were conducted 
on heliox, followed by two 
EAN intermediate mixes and 
02 at 20 fsw (6 msw). On 
the last dive to 340 fsw (104 
msw) for a 20 minute bottom 
time, Clayton util ized a 
"pricey" neox (oxygen-neon) 

hours of decompression on 
DBS's computer generated 
tables. Dean's is the deepest 
known blue hole and repre­
sents one of the largest 
underwater rooms found to 
date. The volume of water dis­
placed during a tidal cycle 
indicates that there are many 
miles of cave passage con­
necting to the system. A full 
technical report is available. 

Deep Breathing Systems, PO 
Box 4220, Seviervi lle, TN 
37864. 

use of tr imix for more 
extended exposures. 

TU.R.G., POBox47, 
Rosettenville, South Africa 2130 

mix. (The neon, which sells 
for roughly U.S.$2.00+ per
cubic foot, was donated by
Union Carbide and mixed by
The Gas Station, Gloucester, 
NJ-----Bd.). This was followed 
by two EAN intermediate
mixes and 02 for a total
decompression of about two 
and a half hours on Hamilton 
Research tables. Clayton
has also experimented with 
"argox," an oxygen-argon
mixture, as an intermediate
gas used to maximize heli­
um/ nitrogen offgassing. 

K. Clayton, 5908 17th St. NN, 
Wash. O.C. 20011. 
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The current means by which we classify decompression sickness dates back only 30 years to the experience gained dur­ing the construction of the Dartford Tunnel in London. Golding et al [1] proposed a system for decompression sickness based upon perceived severity of the cases which arose in the caisson workers employed in the construction of the tunnel. Only symptoms considered sufficiently severe to bring the man [sic] back for treatment were considered to be decompres­sion sickness. They divided the cases into two types: Type 1, or simple 'bends' and Type II, which were more serious or com­plicated cases which displayed vertigo, shock, paralysis, epigas­tric pain and shortness of breath. Their system is still in use today essentially unchanged. Traditionally, decompression sickness has been distinguished from the barotraumata and a summary of the current classification of the decompression disorders is presented in T.l. 
Traditional Decompression Sickness Terminology This classification [4] requires the diagnostician to make difficult decisions, particularly where the nervous system is involved. These include determining the location of the lesion (e.g. "cerebral" or "spinal cord") and the mechanism of injury (e.g. "decompression sickness" or "arterial gas embolism"). At a 1991 Undersea and Hyperbaric Medical Society workshop [5] it was recognized that in the great majority of clinical settings, and certainly in the field, such decisions are virtually impossi­ble to make with certainty. Consequently, existing diagnostic 

Sickness 

The existing dichotomy between "Type I" or 
mild decompression sickness (DCSJ and 

"Type II," or serious DCS, is spurious. 

"labels" cannot be applied rigorously. As a result, treatment algorithms are inconsistently applied and communication between divers, physicians and medical researchers is compro­mised. The existing dichotomy between "Type I" or mild decom­pression sickness (DCS) and "Type II," or serious DCS, is spuri­ous. Each group contains a variety of conditions with no known commonality of pathophysiology. It is widely recog­nized that symptoms from the two categories may coexist and that "Type I" may progress to "Type II." Consequently, the use of these terms is not just confusing, but potentially dangerous if divers are lulled into delaying or failing to report a symptom as a result of using terms such as "pain-only, 11 "mild, 11 "non-serious, 11 or "Type I. 11 

These terms also lack any inherent meaning, they have to be learned. Consequently, communication with medical person­nel who have not been indoctrinated into their use is difficult. Decompression disorders are potentially highly dynamic con­ditions, yet the terminology currently used takes no account of this. This dynamic quality (e.g. progressive or relapsing) may be a better index of the urgency of a case than whether it is "Type I" or "Type II." The main reason why the existing classification has been retained is that its use has been made seductive. Treatment tables have been applied, more or less as a reflex, depending upon whether the "diagnosis" is "Type I," "Type 11," or "AGE" (arterial gas embolism). Fitness to return to diving (or aviation) has been based upon the same, arbitrary, diagnostic categories. This has resulted in patients being shoe-homed, occasionally with much difficulty, into these artificial and very limited groups more for administrative convenience than as a true reflection of what is wrong with the patient. 

Hello 
A New Approach To Classification 

by T.J.R. Francis, D.J. Smith and J.J. W. Sykes, 

Acute, lEvolutlon TermJ, [Manifestation Term(sn, Decompression Illness 
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It was concluded at this workshop, that the present sys­tem of classification based on medical cause should be aban­doned and that a descriptive definition of the decompression disorders be adopted. The workshop proposed that the current terms: Decompression sickness "Type I," "Type II" and Arterial Gas Embolism be abandoned in favor of the term "Decompression Illness," or DCI, which, for terminology pur­poses, is modulated by terms that describe the evolution and manifestations of the disease. The protocol consists of a matrix which provides a formal­ized aide memoir for data collection and from which a termi­nology has been derived that can be used to describe a wide variety of decompression conditions. The following key infor­mation is required to describe a case of decompression illness adequately: the evolution of the case; clinical manifestation(s); the time to onset of each manifestation; the gas burden and whether there is evidence of barotrauma. Additional important information includes: the response to recompression and the results of any investigations. A summary of this system is in Table 2 and definitions are provided below. 
Evolution of DCI The evolution of a case refers to the development of the condition prior to recompression. This information is best recorded as the case evolves. Because DCI is frequently dynam­ic, the evolution may change from one observation to the next. Thus, a condition that initially presents as being "progres­

sive, 11 as the patient becomes increasingly aware that some­thing is wrong, may stabilize so that it can then be described as "static. 11 The patient may subsequently undergo a substantial improvement, occasionally to the extent of a complete resolu­tion of symptoms. This can be described as "spontaneously 
improving. 11 Occasionally, the symptoms return or new symp­toms appear, in which case the condition would be described as "relapsing. 11 

A condition may be described as progressive if the number or severity of symptoms or signs increases-e.g. limb pain that becomes increasingly severe, or involves more sites, or a neuro­logical presentation in which the loss of function becomes more profound or extensive. The development of a new mani­festation, such as a neurological symptom or sign in addition to limb pain, also represents progression of the condition. Additional description may also be useful such as whether the progression is rapid or slow. If the condition is not changing substantially, it is static. It is common for a number of presentations of DCI to improve without recompression. Sometimes this may be to the point of apparent recovery, although this may only be tran­sient. Because the intensity of DCI symptoms can fluctuate, substantial improvement must occur to apply the term sponta­
neous improvement.As with other terms describing a case's evo­lution, this should only be used to describe events prior to recompression. Occasionally, cases that have improved spontaneously undergo a secondary deterioration, or relapse, particularly with some neurological manifestations. When a condition gets worse in the absence of any spontaneous improvement, it should be described as progressive. 

DCI Manifestations Pain is probably the most frequent manifestation of decompression illness. It describes the deep aching pain in or around one or more joints which may begin during decompres­sion or after completion of a dive. Unlike the pain of muscu­loskeletal injury, limb pain decompression illness is generally not exacerbated by movement of the affected joint. The pain may range from mild, barely detectable discomfort to a steady, boring, nearly unbearable pain. Limb pain should be distin­guished from "girdle pain." This is a poorly localized, aching or "constricting" sensation which is generally in the abdomen, pelvis or, occasionally, in the chest. Girdle pain in the context 

T.1: 1radltlonal DCS &
AGE Claaslllcatlon* *

� 
� 

TYPEI 1. MUSCULOSKELETAL(including 'niggles')2. CUTANEOUSa. Transient pruritusb. Circulatory manifestations(Cutis Marmorata)3. LYMPHATIC4. MALAISE/ANOREXIA/FATIGUE
TYPEI 1. PULMONARY2. NEUROLOGICALa. Spinal cordb. Cerebralc. Cranial nerved. Labyrinthine disturbance(inner ear DCS)e. Peripheral nervef. Migraine-likesymptomsg. Girdle pain3. HAEMOCONCEN­TREATION AND HYPO­VOLAEMIC SHOCK
BAROTRAUMA A. PULMONARY1. Mediastinal emphysema2. Pneumothorax3. Arterial gas embolismB. OTOLOGICAL1. External Ear Canal2. Middle Ear3. Inner EarC. PARANASAL SINUSD. DENTAL
**Elliot & Kindwall [2] and Farmer [3] 

A. EVOLUTION1. Progressive2. Static3. SpontaneouslyImproving4. Relapsing
B. MANIFESTATION(S)1. Paina. Limb painb. Girdle pain2. Cutaneous3. Neurologicala. Audiovestibular4. Pulmonary5. Lymphatic6. Constitutional
C. TIME OF ONSET
D.GASBURDEN
E. EVIDENCE OFBAROTRAUMA
BAROTRAUMA A. PULMONARY1. Mediastinal emphysema2. Subcutaceousemphysema3. PneurhothoraxB. OTOLOGICAL1. External ear2. Middle ear3. Inner earC. SINUSD. GASTROINTESTINAL

of decompression illness is generally considered ominous since it is frequently a harbinger of neurological deterioration. Involvement of the nervous system may be subtle, multi­focal and very difficult to localize. A number of different mechanisms may be involved in the development of the pathology of these neurological conditions, so it is important that the terminology presumes neither a location or a mecha­nism. Neurological involvement can be broken down into the loss of certain functions: higher functions, which would include aberration of thought processes or affect, loss of mem­ory, difficulty talking etc.; alteration to the level of conscious­ness, including seizures; loss of coordination, strength or sen-sation; dysfunction of special senses; loss of bladder control or anal function. Involvement of the audio-vestibular system is a distinct syndrome within the neurological category that consists of vertigo , tinnitus (ringing in the ears), nystagmus (jerking movements of the eyes) and loss of hearing after a dive. Nausea and vomiting may accompany these symptoms but, of themselves, are not sufficient to imply audiovestibular involve­ment. Again, more than one mechanism may be responsible for this manifestation, and it may be very difficult, without 
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The main advantage of this system is that it 
contains no guesswork with respect to 
either the mechanism or the anatomical 
location of the disease process . . .  It does 
not require that the first person to attend 
the patient have a great deal of experience 
or expertise to use it properly. 

elaborate investigation, to determine the site of injury. However, if a cause can be established, such as round window rupture, then the more specific diagnosis should be made. Pulmonary involvement in DCI may be resultant of two quite distinct processes: lung rupture due to barotrauma and the cardiopulmonary consequences of massive venous gas embolism. Although the mechanisms involved are distinctly different, it may be difficult for lay personnel to distinguish between them initially, because many of the symptoms and signs are shared. However, modern diving practices result in pulmonary DCI due to the latter mechanism very rarely indeed. The symptoms or signs that imply pulmonary involve­ment in decompression illness include chest pain, cough, haemoptysis (coughing up blood or blood-stained sputum), shortness of breath, cyanosis (blueness or duskiness of the skin, lips or mucuous membranes), pneumothorax (gas trapped in the pleural space in the chest), subcutaneous emphysema ("crackling" under the skin) of the neck and, occa­sionally, voice change. When describing pulmonary decom­pression illness, it is important to note whether clinical or radi­ological evidence of pneumothorax or mediastinal emphysema exists as this is known to be a consequence of lung rupture. The skin may be affected by diving in a number of ways. Two very common manifestations of decompression, which are not generally regarded as illnesses, are suit "squeeze" and itching in the absence of a rash. The term cutaneous DCI should be used to describe the condition that generally pre­sents with severe itching around the shoulders or over the trunk which, after a time, develops into an erythematous rash and which may progress to blue-ish mottling or marbling of the skin. When further describing the condition, it is desirable to describe the location of the disorder. Lymphatic DCI may be used to describe cases in which there is painful swelling of individual or discrete groups of lymph nodes or rare cases where there is extensive edema of one or more limbs. A number of non-specific symptoms can occur after diving which, if severe· or if accompanied by other manifestations, may be considered part of the DCI syndrome. These constitu­tional symptoms include headache, fatigue, malaise (which may include nausea and vomiting) and lack of appetite. Very rarely, other manifestations of decompression illness may occur. Such conditions should be described using appro­priate medical terminology. 
Other Significant Data The time of onset can provide a great deal of information to medical personnel regarding mechanisms of disease and, possibly, the outcome of some cases. Following hyperbaric exposures, this should be the time from reaching the surface to the onset of the manifestation. If the manifestation occurs dur­ing ascent it should be recorded as such. The gas burden is an estimate of the residual inert gas load present on surfacing. At present, recording the dive profile is the most useful index available. Clinical or radiographic evidence of barotrauma should be 
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documented, particularly where there are pulmonary or audiovestibular manifestations. Where there is such evidence, the barotraumata are diagnosed as before. To complete an accident record, it is important to record the outcome of recompression and the results of additional clinical investigations. 
The Language of DCI Lengthy descriptions are unwieldy for communication purposes, and an abbreviated label is needed until the natural syndromes are identified. The proposed new form for describ­ing a decompression disorder is as follows (see T.2): 
Acute, [Evolution Term], [Manllastatlon Tarm(s)J, Dacomprasslon llnass 

In this case, the term "acute" distinguishes the conditions described above from the possible chronic consequences of decompression, such as osteonecrosis (bone necrosis). The phrase decompression illness (DCI) incorporates the familiar terms decompression sickness and arterial gas embolism. The appropriate evolution term, is used exactly as defined above. 
"Acute progressive limb pain and neurological 
decompression illness presenting 20 minutes 
after surfacing with a moderate gas burden 
and no evidence of barotrauma." 

The number of manifestation terms which are used will depend both on the condition and the context in which the terminology is employed (see T.2). In a condition with only one or two manifestations, it is appropriate to use those that apply, for example, "acute static, cutaneous and neurological decompression illness." In complex cases it may be appropriate to use the term "multisystem." The amount of detail in the description depends on the purpose for which the terminology is being used. As a diagnos­tic label, the above terminology should suffice. Frequently more information is needed, such as during the transmission of information over the telephone or radio during a consulta­tion. In this situation, the three additional key pieces of infor­mation-the time on onset, the gas burden, and any evidence of barotrauma-can be added. These are likely to be valuable in discriminating between the various syndromes. An example of such a brief report is: "Acute progressive limb pain and neurological decompression illness presenting 20 minutes after surfacing with a moderate gas burden and no evidence of barotrauma." For treatment reports and database purposes a more detailed report is likely to be necessary. The main advantage of this system is that it contains no guesswork with respect to either the mechanism or the anatomical location of the disease process. Furthermore, it employs terms that are readily understood within the medical community. It does not require that the first person to attend the patient have a great deal of experience or expertise to use it properly. Communication between divers and non-diving medical personnel will be facilitated by its use, because all the terms have inherent meaning. However, basic instruction is criti­cal for the system to be used properly. Such instruction is made relatively simple because there is no need to brain wash people to accept untenable rules and assumptions. This system per­mits the description of a dynamic, changing condition with­out difficulty. We have been unable to classify decompression illness reli­ably to date, which has limited our progress towards under­standing these intriguing conditions. It is hoped that by using a readily understood descriptive terminology, consistent and 

I 

I 

accurate 'diagnoses' should now be possi­ble, which will improve the management of cases. More importantly, if these data are then collected and collated, the natural syndromes associated with decompression will become readily apparent. If we learn what the natural syndromes are, we will be able to direct our efforts more effectively towards preventing decompression illness more effectively in the future. 
Surgeon Commander fames Francis studied medicine at St. Thomas' Hospital Medical School in London, qualifying in 1977. Following the rapid onset of disillusionment with the National Health Service, he joined the Royal Navy. A�er gaining a Master's degree in occupational medicine in 1982, he served at the Institute of Naval Medicine (INM), initi ally researching trench foot, which afflicted the marines in the Falklands conflict. He then went on to study diving medi­cine, and in 1985, served as an exchange medical officer to the Naval Medical Research Institute in Bethesda, Maryland, where he completed four years of research on the mechanisms involved in neurological decompression illness. This work formed the basis for his Ph.D thesis, the degree being award­ed in 1990. He is currently the Senior Medical Officer (Diving Medicine) at the Institute For Naval Medicine, Alverstoke, Gosport, Hampshire, PO12 2DL. Fax#: 0705.504.823. 

More information ... '-.-----..._ 
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Accepting new 
terminology for 
decompression 
disorders. 
R W. Hamilton 
The article by James Francis and col­leagues proposes a new lexicon for discussing decompression-related dis­orders as developed by a high-level workshop of the leading experts in decompression problems. The pro­posed method recognizes that the underlying pathology of most such problems cannot be diagnosed in the hospital, let alone in the field, and defines a descriptive approach to clas­sification to replace the older terms. It lumps the familiar "decompression sickness" and "embolism" into a sin­gle category of "decompression ill­ness." The main problem being solved by this change is that epidemiological studies are next to impossible to use when the diagnosis in a medical report is limited to something such as 
11 decompression sickness Type II," which tells nothing about the patient's symptoms and condition. The new method describes the condi­tion in terms of its evolution, the observed signs and symptoms, the time of onset, the gas loading or bur­den, and evidence of lung barotrau­ma. Another thing that should be on this list and always be documented is the response to recompression. 
As defined here "decompression ill­ness" comprises two categories, those which are caused by the presence of decompression-induced gas phase within the body, the other by mechanical damage to or by gas- filled spaces such as the middle ears or lungs. Although not mentioned by Francis and colleagues, those condi­tions related to gas phase or gas bul>­bles are a subset of a more general dis­order called "gas lesion disease." This includes decompression illness and also systemic gas embolism due to mechanical factors occurring without a gas loading or change of ambient pressure; these can be caused by such as surgery, stab wounds, etc. The con­ditions defined by Francis et al. as "barotrauma" can themselves cause a confusion in terms whe_n used improperly. Barotrauma is injury due to pressure. The term "pulmonary 

barotrauma" is often used synony­mously with cerebral arterial gas embolism. The flaw here is that the disorder is a brain and not a lung problem; pulmonary barotrauma is the cause of the disorder, not the dis­order itself. 
Better descriptions are important and needed, and it is no great loss to get rid of the non-descriptive terms "Type I" and "Type II." It is worth noting that these are categories intended only to specify the treatment, not to define the disease. Although treat­ment itself is not a part of the new description, the new protocol has an impact on treatment options; the 6-a tm recompression with air or enriched air of Table 6A is likely to be discontinued as evidence accumulates that it offers no real benefit over the 100% oxygen at 2.8 atm of Table 6 (many experienced treatment centers, however, still swear by the 6-atm recompression). There are still cases that can be treated adequately with the shorter Table 5 when used promptly and when neurological involvement can be clearly ruled out, but liability concerns are causing this one to disappear from the hospital and commercial worlds. The new ter­minology needs to provide a field­useable algorithm for making this selection. 
While the clinical presentation should follow the use of "decompression ill­ness" as recommended, it still seems proper to refer to the disease which we hope to prevent by reliable decom­pression tables as "decompression sickness." This, DCS, is a systemic condition caused by the removal of dissolved gas from solution because pressure is reduced too quickly. Although the distinction is not crystal clear, in general the table has only a small role to play in the other decom­pression disorders that are not specifi­cally decompression sickness. Embolism for cause barotrauma for example might not be decompression sickness and need not be scored as such. Decompression sickness is not an accident; a certain incidence of it is expected from practical diving. 

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 cont{J<;ted_at: 80 Grove st., Tarrytown, NY 10591. fax: 914-631-6134. 
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'1flasked 
you where the 
hell we were," 

said Arthur 
weakly, "would I 

regret it." 
Ford stood up. 

"We're sate," he 
said. 

"Oh good," said 
Arthur. 

"We're in a small 
galley cabin," said 

Ford, ''in one of the space­
ships of the Vogan 

Constructor Reet." 
''Ah," said Arthur, "this is 

obviously some strange usage 
of the word sale that I wasn't 

previously aware of." 

Douglas Adams, The Hitchhiker's Guide To The Galaxy 

-
compress I 

by Richard D. Vann 

Safety, in an ideal world, is free­dom from risk. Unfortunately, real-world activities such as diving have risks that are unavoidable. These activities are defined as "safe" when their risks are judged to be acceptable. 
Consider the risk of decompres­sion illness (DCI) after a 60 minute no-stop air dive. If the dive were conducted at 10 fsw (3 msw), no one should develop DCI. On the other hand, it isprobable that everyone would be"bent" if the dive were conductedat 150 fsw (45 msw). Betweenthese extremes, is a dive with aDCI incidence that we mightchose to define as acceptable. Thisdive is "safe" by definition, even ifDCI occurs occasionally. If wedecide the dive is not safeenough, a lower acceptable riskcould be chosen.
There is a difference between DCI risk and DCI incidence. Incidence refers to the results of actual dives, that is, the number of DCS inci­dents divided by the total number of dives. Risk, on the other hand, refers to the DCI incidence that would occur if the same dive pro­file was conducted an infinite number of times- a theoretical probability. It is important to dis­tinguish between risk and inci­dence, because incidence often refers to actual exposures with dif­ferent depth-time profiles. 
Establishing what is "safe" is a three-part process. First, the potential injuries must be identi­fied; second, the risk of develop­ing these injuries must be related to the exposure; and third, an acceptable level of risk must be chosen. This is an information dependent process that, for div-

ing, requires exposure data from experimental or actual dives. At present, the most useful data comes from experimental dives in hyperbaric chambers where depth, time, and dive conditions are carefully controlled, and divers can be questioned closely for the presence or absence of symptoms. Current field data is of limited value except for providing information on diving accidents. By using dive computers to record depth-time profiles, data from actual dives may someday be of great value. 
A partial list of acute DCI injuries includes itching, pain, numbness, weakness, cerebral dysfunction, paralysis, chokes, and death. Death is rare today except for an occasional blow-up or missed decompression. Of the other com­plaints, pain-only DCI is the most common report during experi­mental diving while mild neuro­logical DCI (numbness and weak­ness rather than paralysis) is most commonly reported by sport divers. 
This difference is important to understanding decompression safety, but the reasons for it are uncertain, and a number of expla­nations are possible. (1) Minor symptoms are often unrecognized or ignored, and resolve without treatment. Sport divers may not report some minor symptoms while experimental divers are trained to report even the most trivial. (2) Treatment delays are shorter for experimental divers than for sport divers, and DCI pain has an-ear-lie-r onset than mild neurological symptoms. (Severe neurological symptoms are of rapid onset.) Early treat­ment may forestall the onset of 

some mild neurological symptoms in experimental divers. (3) Multilevel and repetitive exposures are more common in sport than in experimental diving. These exposures may predispose sport divers to mild neurological symptoms. (4) DCI in sport "applications" is often associated with violations of accepted diving proce­dures. 
Sport diving currently provides little data that can teach us how depth and time affect DCI risk. A guess at the overall risk is about 0.02% (one DCI incident in 5,000 dives), however, with the excep­tion of technical diving, most sport dives are well short of the no-stop exposure limits with part of the time spent at shal­low depths. 
Currently much more information is available about experimental diving. There have been thousands of wet, work­ing chamber exposures for which the depth-time profiles and presence or absence of symptoms have been carefully documented. This data has used to devel­op statistical decompression algorithms that are quite different from the better­known deterministic models (e.g., the Haldane model and it's derivatives). While deterministic models often account for dives resulting in DCI, statis­tical algorithms are able to use all the data that is available, with or without DCI, and are able to estimate decompres­sion risks for any dive profile. Statistical algorithms will someday permit divers to chose whatever DCI risk they consider to be acceptable. 
Using statistical algorithms based pri­marily on "pain-only" DCI, the U.S. Navy no-stop exposure limits for air div­ing have estimated DCI risks of about 1-4%. At 60 fsw, for example, a 60 min dive has a risk of about 2% while a 30 min dive has a 1 % risk. How accurate are these estimates? Risk estimates for dives with the most testing-typically those clustered around the no-stop lim­its- have the greatest accuracy. Estimates for shorter or much longer dives, where there has been little or no testing, are less accurate. 

Statistical modeling is a powerful tool but requires extensive data for accurate risk estimation. Experimental diving pro­grams can provide only limited data, and present research funding is shrinking. A promising way to improve our under­standing of DCI risk is to accurately record field profiles using computers/pro­filers supplemented with accurate infor­mation on symptom incidence.This may allow us to assess the influence of age, weight, gender, etc. on DCS risk. In par­ticular, we need data on dives believed to be safe, such as 30 min. at 60 fsw (18 with it, including having an evacuation msw), but unconfirmed by existing data. and treatment plan, ample onsite oxygen Until such data is available, our knowl- supplies, and "current" diving accident edge of decompression safety will remain insurance. insecure. Second, is the realization that there is What is acceptable DCS risk? Must sport inadequate information on the DCI risks divers accept DCI risks of several percent inherent in existing dive tables and com­if they dive to the full extent of the no- puters, and consequently, these tools 

Divers should be prepared for DCI 
and have a plan to deal with it, 

including having an evacuation and 
treatment plan, ample onsite oxygen 

supplies, and "current" diving 
accident insurance. 

stop limits or beyond? While additional data is needed for confirmation, objec­tive analysis of existing data suggests this may be the case. And who should be the one to choose acceptable risk; the diver, a computer company, or an independent body? These are questions for the future. Like the old Chinese cliche, we live in interesting times. 
Given the limited state of our current knowledge, what conclusions can be drawn regarding decompression safety? First, a small incidence of decompression illness is unavoidable. Divers should be prepared for DCI and have a plan to deal 

should be used conservatively. :Ultimately, the uncertainties surrounding decompression safety may be clarified by extensive study of actual diving habits and outcomes. As this data becomes available, the associated tables and com­puters will permit the choice of accept­able risk. 
Richard Vann, PH.D is the director of Applied Research at the Hypo/Hyperbaric Center, Duke University, and the Director of Research for the Divers Alert Network. He can be contacted at: Box 3823, Duke Medical Center, Durham, NC 27710. Fax: 919-684-6002
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The Chaotic 
Nature ol 
Decompression: 
A ''Non-Haldanian 
View'' byM;chael Pow�I 

The description of dissolved gas transport is popularly viewed as a rela­tively straight forward process of the movement of inert gas molecules by dif­fusion and their conveyance by the blood stream. However, because of the complexity of the human body, it is becoming increasingly recognized that the process is very involved, and models must make many assumptions about the structures of the body. This includes both how structures are organized and the minute-to-minute variations in regional blood flow. Regrettably, biological sys­tems are neither that simple nor regular. 
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Chaos and Detenninism: Two World Views We generally imagine that the world is made up of many little effects which channel to produce some larger effect, sometimes salutary and sometimes adverse. We know that breaking a shoe string can cause us to be late for the bus, or conversely, leave home late and avoid a disastrous traffic accident. In the body, as in all -living and non-living systems, little conditions can sometimes have great consequences. Scientists have termed this condition chaos. In 1963, the meteorologist Dr. 

The concept of chaos sharply contrasts 
with the considerably older notion of 
"deterministic predictability" that forms 

the basis of modern computational 
decompression theory. 

Deterministic predictability 
refers to the ability to accu­
rately predict the course of 
events from the knowledge 
of initial conditions and 
traces its origin to the 

"mechanistic" view of the 
universe originally advanced 

by Sir Isaac Newton and the 
French mathematician LaPlace. It 

was this mechanistic view of the world 
that prompted the French philosopher 
Descartes to write, "Give me matter and 
motion, and I can describe the universe." 
Recent advances in our understanding of 
complex systems have fundamentally 
changed this notion of the world. 
Systems that were once thought to be 
simple and predictable (such as the 
motion of the planets) are now viewed as 
exceedingly complex (Gleick 1987). 

There does not seem to be a univer­
sally accepted definition of the term 
chaos. The commonly used sense of the 
word implies a total randomness; but not 
quite. Chaos can describe systems that 
possess long term temporal stability, 
often for millennia, oscillating about a 
single fixed point or attractor. 
Technically, chaos refers to irregular or 
apparent randomness that arises even in 
the absence of environmental perturba- . 
tions ("noise") in deterministic systems. 
While a system may be deterministic, 
nevertheless, it is often impossible to 
predict its dynamics as a function of time 
to any great degree; any change in initial 
conditions, no matter how small, can 
lead to another path. 

Edward Lorenz published what was to become a classic paper, "Deterministic Nonperiodic Flow" (1963) in which he described systems, later termed "chaot­ic," not unlike the problem of long-range weather forecasting; he proposed that such forecasts were virtually impossible. Contemporary thought held that com­plete knowledge of all meteorological variables (wind velocity, direction, humidity, barometric pi:essure, etc.) would permit the forecasting of atmos­pheric events several months into the future. Lorenz described his observations taken from a simple computer model of a 

meteorological system; surprisingly, when the computer was called to repro­duce the original forecast, it was found to depart significantly after a short period of time. The cause of this was traced to very minor differences in the initial input on the repeated trial - the com­puter had rounded off a variable from six decimal places to three. This phenome­non of "sensitive dependence on initial conditions," later addressed by Dr. Lorenz in a December, 1979 talk, "Predictability: Does the Flap of a Butterfly's Wings in Brazil Set Off A To rna do in Texa s?", has often been termed "the butterfly effect." Chaotic effects, where by small changes in initial conditions result in large changes at a later time have been discov­ered in many social, physical, and bio­logical systems including the price of cot­ton, the batting of a baseball, vortices in a stream, swirls in a rising column of smoke, cars clustering on a highway, and in gas phase transitions. 
Chaos and Decompression Tables Well-behaved Haldanian systems form the basis for calculating most decompression tables. The are immutably regular, and the underlying system is assumed to possess the following general properties: 1. They are deterministically pre­dictable,2. Blood flow is continuous throughall scale dimensions,3. No gas phase separation existsbefore, during, or after decompres­sion(s),4. The differential equations thatdescribe all aspects of the phasetransitions are linear, and,5. It is always possible to safely per­form infinite cycles of compression/decompression about the originalattractor (starting conditions).
These assumptions are in contrast tothe real world "chaotic" system of the body, wherein small differences are often of prime importance and whose charac­teristics are that: 1. It is deterministic, but it is not pre-

Thus, a gas bubble that forms in a tis­sue during the first decompression may be semistabilized and represent a new source and sink of tissue gas within a microregion with each additional compression/decom­pression cycle. These new sources and sinks modify, often greatly, the gas flux and bubble growth dynamics in that microvolume. Tissue gas flux in the region would then tend to depart deterministical-1 y, but unpredictably, from the well­ordered and fully deterministically pre­dictable systems envisioned by Haldanian analysis. This would naturally make repeti­tive (or dives with long decompression periods) increasingly harder to predict with respect to a "bends-free" outcome. Let's examine the problem of decom­pression from two vantage points, one of blood flow and the other of gas bubble for-. mation. We shall see how these add a large measure of uncertainty to the decompres­sion process. If we were to try to model these events with respect to decompres­sion-induced gas phase formation, it would require greater degrees of precision and processing power than is available in the foreseeable future. 
Blood Flow The exchange of gases between the blood and the cells of the body occurs in the very fine capillaries. One of the charac­teristics of capillary blood flow, is the unevenness of microperfusion over time. The physiologist Krough, was the first to describe the nonconstant flow, in 1918, noting that the precapillary sphincters (muscular "doors") opened and closed in an apparently random fashion. This unevenness in blood flow leads to a change in gas uptake or elimination in tis­sue microvolumes. Blood flow in the Haldanian model is temporally homogeneous. Zero flows are not considered as a lower boundary condi­tion. Capillary blockage by gas bubbles likewise does not enter the calculations, since this model implicitly assumes that all of the inert gas remains dissolved in all phases of the dive. Decompression illness is assumed to represent a breakdown of the paradigm. 

dictable, Gas Phase Formation 

that a gas phase virtually never forms. Decompression illness resulting from tis­sue bubble formation is an abnormality or "failure of the table" to perform as expect­ed. Some divers even regard the process as a failure of themselves to decompress properly, conjecturing that some procedur­al "fault" lies with them. While it is widely known that 'subclinical' gas phases do form in the body during decompression, these are not considered in the Haldane model, even conceptually. Variations in individual response to decompression is generally ascribed to biological or physio­logical dissimilarities. A chaotic concept accepts variability no matter how similar the individuals or conditions might seem. The postulated nonlinearity of phase transition equations gives a different view of decompression under the "chaotic con­cept." Chaotic systems are deterministic; they rigidly follow physical laws and often allow the prediction of events for a short time into the future. Thus the Haldane model is successful for short decompres­sions or one or two repetitive dives, how­ever it begins to break down when extrap­olated to longer and longer times (one is eventually forced into saturation decom­pression schedules that most likely treat all but the severest of devia-tions.) The following summary high­lights some of the com­plexities in trying to quantify g a s u p t a k ea n delimina-tion dur-ing thecompres-s i o n /decompres­sion process.One can but lit-tle wonder thatyou can acquire a caseof the "bends" even if you doeverything with punctilious perfection. 
2. Blood flow does not display the In 1966, Dr. Brian Hills was the first to 1. Inert gas enters tissue microvolumes same characteristics through all emphasize the variability of the transition at rates commensurate with local blood scale dimensions, point from the dissolved to the gaseous flow in that microregion. This local 3. Limited tissue gas phase separation · phase of the inert gas in supersaturated tis- blood flow (in cartilage of the knee, foris to be expected, sue. His concept, which involved program- example) is determined by local factors 4. Nonlinear differential equations ming for the lowest stable energy state (the such as muscular activity, local tissue oxy­describe this gas phase separation, "thermodynamic model"), was in con- gen needs, as well as more global factorsand tradistinction to the ideas originally such as general heart rate (cardiac output)5. The system can suddenly switch advanced by the trio of Boycott, Damant, and central nervous system control. Whileduring a compression /decompres- and Haldane in 1908, who portrayed a sys- total organ blood flow is important ("tis­sion cycle to a new attractor; after tern possessing chemical potential ene-rgy, - sue half-times" are classically described byextensive compression/decompres- a "metastable· limit" or a "boundary con- the quantity of flow); it is the time-varyingsion cycles, numerous (local) attrac-· centration" below which a gas phase capillary flow that determines the gastors may have arisen leading to an would not form. uptake and elimination flux at a micro incomplete knowledge of the final Contemporary decompression tables level. This flow is not exactly predictable. state. are calculated with the direct assumption 
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2. During decompression, cardiac out­put and central nervous system controlare the general determinant of organflow, but it is local perfusion that willdetermine the gas elimination rate forthe microvolume. Local perfusion ratescan periodically become reduced and thelocal ratio of Pinert to P ambient can increasesuch that supersaturation results, and newgas bubble formation occurs and/ormicronuclei grow.
3. Decompression tables are designed tokeep the local tissue inert gas supersatu­ration ratios small during decompres­sion thus globally favoring theinert gas to remain in the dis­solved state, however localsituations (e.g. physicaltension produced bymuscle exercise) insurethat all of the gas willnot be dissolved in vir­tually every decompres-sion situation. Situationsof protracted decompres­sion (e.g., from deep depthsor multiple repetitive decom­pressions) will also favor theappearance of at least a small degreeof gas phase generation. Because of sensi­tive dependence on initial conditions, theguarantee of a gas-phase-free decompres­sion is generally not possible.
4. The localized tissue gas bubble accu­mulations will shrink or grow commen­surate with several factors. Theseinclude:(a) local loss of dissolved inert gas to thecirculatory system (perfusion "sinks"),(b) diffusion of dissolved inert gas intothe microbubbles, or(c) Boyle's law effects.

During the period(s) in which the gas phase is present, organic compounds may reduce surface tension by adsorption on the bubble-liquid interface. If they adsorb more easily than desorb, they will tend to stabilize bubbles against shrinkage. 
S. Some gas from the first dive mightparticipate in the events of the follow­ing dive. By placing the system in a sec­ond compression/decompression cycle,depending uppn the length of the surfaceinterval, a portion of the gas phase formedin the first cycle, particularly i f  it isextravascular may participate in the gasuptake (compression) cycle once again.The gas nuclei, formed during the decom­pression phase, now act as new sources orreservoirs of inert gas in addition to thatintroduced by local capillary profusion. Ifnot completely destroyed by the compres­sion, they will also serve as "seed nuclei"during the subsequent decompression.These "virtual tissues" are generally han­dled mathematically by extending tissuecompartment half-times.
14 aquaCorps fournal 

6. Since gas phase formation and/orgrowth is not instantaneously initiatedwith decompression, an indeterminateamount of gas can be separated at anypoint in time following pressure reduc­tion. While the inert gas remains dis­solved, the driving force for its eliminationis greatest. Tissue gas elimination duringsurface intervals in repetitive dive situa­tions is calculated on the assumption thatall of the tissue gas is dissolved, and is notacting as gaseous "sinks." Clearly, since thetime and degree of gas phase formation isnot readily determinable, a high degree ofuncertainty exists about the initial condi-tions in the tissue at the start of the next compression. Under these conditions, long sur-face intervals can present at least as many opportuni­ties for gas phase separa­tion as short ones. 
7. Since some of the gasnuclei formed followingthe previous decompres-sion were the result of deterministic but quite unpredictable events, the sys-tem will enter the new compres­sion/ decompression cycle in an indeter­minate state. The actual tissue gas loads, in terms of number of moles of gas, is largely unknown in the repetitive condi­tion(s). Time dependent gas phase separa­tion and growth introduces considerable uncertainty into the actual state of the sys­tem. It is therefore not possible to categori­cally state, for example, that repetitive dives performed with longer surface inter­vals (when all gas is presumed to be in a dissolved state and the surface interval credit table is calculated to reflect this) will be safer than those with shorter surface intervals. One can easily visualize that either repeti­tive cycling, or protracted decompression, can introduce real local variations to the calculated, global description of the state of the system. Mathematically this is accounted for by extending compartment half-times which are not necessarily in accordance with either realistic diffusion or perfusion limits. 

8. No degree of increased precision inthe half-times of their associated M-val­ues will render a chaotic system com­pletely deterministically predictable(The parallel was first noted by Lorenz inhis meteorological model). It follows thatrepeated or protracted (long decompres­sions) cycles can result in an increasedprobability of decompression illness,though not through any fault of inaccura­cy of limiting values employed in deter­ministic Haldanian models.
9. To avoid these additive problems, it isnecessary to "reset" the system, effec­tively allowing it to oscillate about its

original starting point (sea level satura­tion with minimal tissue micronuclei) in order to insure a good prediction. 
Despite the advances that have been made in decompression research, we are still quite limited in our understanding of the process. Recognizing the inherent "chaot­ic" nature of the decompression, statisti­cal-based methods provide a fruitful avenue to pursue in the future. 

Dr. Michael Powell received his doctorate in biophysics from Michigan State University. He began work in u nder water physiology at UnionCarbide in 1969, under Dr. R. W. BillHamilton, and went on to research theuse of Doppler fl.owmeters in the study of decom pression illness with Dr. Merrill Spencer. Powell currently heads the En vironmental Physiology/Biophysics Group at the NASA LyndonB. Johnson Space Center. He can becontacted at: NASA Lyndon B.Johnson Space Center , EnvironmentalPhysiology/Biophysics Section,Houston, TX 77058.
More information ... •-----.. 
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Straightening Out the Bends 

by 
Jennifer C. 
Hunt 

The experience of 
decompression illness is trau­
matic to the victim as a result 
of the physical nature of the 
injury and its link to deeper 
psychological issues. The 
strong negative social reac­
tion and stigma surrounding 
DC/ increases the trauma, and 
jeopardizes the healing 
process. In. order to protect 
against the resulting feelings 
of anxiety, shame, humilia­
tion, guilt ,  and incompe­
tence, the diver may mobi­
lize defenses and engage in 
behaviors that temporarily 
ease the psychological bur­
den but ultimately have nega­
tive consequences for the 
individual, as well as the div­
ing community as a Vvho/e. 
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Ongoing Research on the 
Social Reaction and Stigma Surrounding Decompression Illness 

The DCI experience 

0 

Q 
Q 

o o ..

exclud­
ed con­

scious recogni­
tion of the possibili­

ty of permanent injury or 
death. 

acute- "I never let it enter my mind that 

ly painful. As in major I would be permanently crippled or
Decompression illness is surgery and long-term illness, reha- dead. My thoughts were, 'I have to

potentially traumatic. The "hit," the bilitation can be excruciatingly slow. get to the surface. I am in danger
chamber treatment and the rehabili- During the onset of DCI, thinking underwater. I can't function any­
tation period are all physically and processes may be disturbed, and more,"' he said. "I remember being
psychologically painful. Analysis of the diver automatically uses protec- in the boat. It was hard breathing. I
DCI as a psychological phenomenon tive devices to keep from experienc- knew I had really put my body
is complicated by the possible ing the terrifying anxiety that could through the ringer. I closed my eyes

If the victim survives the acddent with minimal physical damage and is able to dive again, com­
munity reaction to the acddent remains a concern. Diven fear that their identities will be spoiled 

and past accomplishments reinterpreted negatively. 

organic effects that the illness may occur with the realization that he or
have on the diver's mental function- she could die. and everything went black. I saw 
ing, particularly during the initial hit For example, this diver knew stars and heard the chimes [over my

In severe cases, the onset and that he would be bent when he child's] crib. My family needs me.
immediate aftermath of DCI are made the decision to ascend but The pain was so intense."

The immediate concern for serious diver who "takes a hit" is to past injuries, accidents or ill- ous to everybody that you are 
the diver with DCI is the threat of the loss of diving itself, a deeply nesses in which they also felt help- bent. But if you just have some 
death. Like the young athlete who meaningful experience which lies less, damaged and frightened. The mild neurological symptoms, no 
sustains severe injury and must at the core of the person's being events leading up to the DCI expe- one wants to hear about it." 
face the reality that he or she is not and defines him or her as fully rience can also link to significant The diver experienced her hit 
invincible, bend victims may sud- alive. Here arises a fundamental relationships from the past. One in a manner similar to childhood ill­
denly become aware of their phys- contradiction of the sport. The very women whose father was an alco- ness. Unless she were near death 
ical vulnerability and lack of con- activity that allows some individu- holic became bent while diving like her father, she could not take 
trol over their bodies. als to feel fully alive may also bring with a male buddy with whom she herself seriously and had to deny 

One diver recalled the book them closer to death. While sport had an erotic attachment. She the importance of her symptoms. 
"Titanic: the End of a Dream "while divers all negotiate this contradic- went along passively with his wish- Recognition of mild DCI symptoms 
discussing his accident. He tion, it is experienced most dra- es. Although she was afraid of brought to mind her mother's 
explained, "The Titanic represent- matically among the technical sharks and not particularly interest- smothering attitude. It also remind­
ed the age of science. We were 
supposed to conquer everything 
with our knowledge of science, 
and it was deemed virtually unsink­
able. When it sank, people were 

"If you._can't move your arm and lc9, it's obvious to everybody that you arc bent. But if 
you just have some mild ncurol09ical symptoms, no one wants to hear about it."

shocked. We can't control things." community, deep divers, cave ed in deep diving, she followed ed her of how the mother would 
The Titanic represented this diver's divers, and wreck divers, as the him to 172 feet to photograph manipulate her ailments to spoil 
fantasy that he could not be hurt. following two accounts reveal. sharks. She trusted him, omitting good times. If the diver were to 
Its sinking symbolized his own vul- "Emotionally I was devastated. It consideration of a three-day pat- admit her illness to herself and oth-
nerability. was like being told a part of me tern of diving that embroiled her in ers, she unconsciously feared that 

If the diver survives, the threat was going to die. We have never one deeper dive after another. Her she would be like her mother, a 
of other physical losses becomes lived more than a mile from the dependence on and obedience to hypochondriac and spoiler. Denial 
paramount. These include the loss water. Water is a part of my life and an essentially untrustworthy buddy not only protected the diver 
of bodily functions that have previ- I was losing that,"said one diver. appeared to be, in part, a repeti- against anxieties associated with 
ously been taken for granted (uri- Said a victim who sustained tion of her early relationship with DCI but also against an ambivalent 
nation, sexual response, walking, serious damage and has been her father. Like most children who identification with and entrapment 
running etc.). Concerns about unable to dive since the accident, are physically or emotionally by her mother. 
bodily damage are associated to "I am a water person. I just love abused, she turned to the abuser In view of the multiple mean­
fears of losing important profes- water and the beauty of the tex- for love and protection, only to ings of the decompression trauma, 
sional and leisure activities and key tures, colors, light all around me. I find herself hurt again. the diver mobilizes defenses 
relationships. One diver expressed do miss it very much." Another diver grew up in a against experiencing internal and 
the fear that she would be dis- Every accident has internal family in which one parent was external danger, unbearable anxi­
abled and lose her job. Another echoes. The current meanings of seriously ill. The diver saw her own ety, intolerable thoughts, memories 
was concerned that her fiance DCI can become linked to a set of childhood illnesses as insignificant and fantasies. In general, such pro-
would abandon her. past experiences which may not compared to those of her father, tective devices constitute normal 

If the victim survives the acci- be within the diver's conscious who could suddenly die. Her mechanisms of the mind and are 
dent with minimal physical dam- awareness. This mobilization of father was distant and detached. In constituted unconsciously and 
age and is able to dive again, com- past memories in the face of a trau- contrast, her mother was smother- automatically. Under certain cir­
munity reaction to the accident matic event is routine and not nee- ing. The mother was also a cumstances, such as some major 
remains a concern. Divers fear that essarily "pathological." Only if the hypochondriac, who used her ail- traumas, the defenses mobilized 
their identities will be spoiled and internal echoes haunt the diver to ments to keep her daug_hter close. may help the individual survive the 
past accomplishments reinterpret­
ed negatively. One diver com­
mented, "All my work for naught. I 

such a degree that he or she expe- If the daughter was involved in immediate threat but at a consider­
riences inappropriate guilt, shame, some joyous activity, the mother able cost to future functioning. 
sadness and rage or the echoes would often become ill and spoil 

guess I am worried that I won't be interfere with his or her resolution the occasion. 
taken seriously. Will my [diving] of the trauma in a way that pre- When the diver experienced 

The diving community is 
familiar with the term denial, 
coined "the first symptom of DCI." 

career be ruined?" eludes pleasure in work and play, DCI symptoms, she tried to ignore Unfortunately, however, diving lit-
Diving is not only a social can we assume unresolved conflict them despite mild, partial paraly- erature reveals some confusion 

activity but also a deeply private and so-called "pathology." sis. She explained, "If you ... can't about the nature of the defense 
one. A fundamental concern of any Typically divers associate. DCI move your arm and leg, it's obvi- mechanism. Defenses are some-
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times presented as unhealthy, one diver was bent as a result of take drugs, engage in extramarital lost friends, know people who 
intentional and/or irrational means engaging in rigorous exercise after sex, wear revealing clothes or take have died or have been associated 
to sabotage good medical treat- diving. He was not held morally unnecessary risks like walking alone with a body recovery. Reef divers 
ment rather than occasionally cost- responsible for the accident at night in environments deemed and wreck divers don't have the 
ly efforts to manage psychological because he had been unaware of dangerous. Other victims of sexual same sense of community as cave 
stress. One writer, for example, the dangers of post and pre-dive abuse are often seen as morally divers." On the other hand, nega­
referred to one victim's near delu- exercise. The "good" victim also responsible for their attacks and tive sanctions against divers who 
sional denial of severe symptoms includes the diver whose profile deserving of punishment as a result make "unreasonable" mistakes may 
of DCI as "ludicrous." (Viders, was within the limits of the relevant of their seeming flirtation with dan- be particularly severe in the cave 
1991). dive tables or who made an error ger. One male diver compared the diving community. This is because 

Denial is not the only defense deemed socially reasonable, such DCI experience to a rape scene in the cave diver who makes a mis­
divers use. Joking and excessive as the diver who is bent in the the film Cape Fear. The brutal jokes take is likely to die. 
concern with a buddy provide process of a rescuing a student or made by police officers about the Most divers are linked to more 
other means of protection. Divers 
also try to minimize the guilt and 
shame associated with making mis­
takes by shifting the blame to 
something outside themselves. 

Dive communities tend to categorize vidims as "good" or "bad." The definition of the 
"good" and "bad" vidim varies dependin9 on the diver's community of affiliation.

They may engage in attacks on the buddy. The definition of a "reason- victim were compared to col- than one diving community and 
self in order to keep a lid on the able" and "unreasonable" mistake leagues' reactions to a bends vie- may experience different reactions 
rage they feel towards others. changes with the dive community tim. from each. As a result, the injured 
Admission of their own participa- "Good victims" are not Many "good" victims receive technical or cave diver cannot 
tion in an accident is particularly viewed as morally responsible for support from family, friends, and always insulate him or herself from 
painful for some divers, because their illness and do not experience medical personnel. Among "bad stigmatization, regardless of how 
they recognize that there is a part strong negative social reactions. victims", however, there are numer- the accident is viewed within 
of themselves they do not control "Bad victims," in contrast, are ous instances in which the reac- "advanced" communities. Instructors, 
which encourages them to take viewed as culpable and deserving tions of significant people and and would be instructors may be 
risks and suffer injury. punishment. organizations are negative. This particularly vulnerable as a result of 

A recent article on computer includes stigmatization by impor- multiple affiliations. 
Social reaction dive accidents highlights this dis- tant people and/or organizations 
Dive communities tend to cat- tinction. "Bends appear to fall into including dive shops, medical per- Dive shops: Dive shops 

egorize victims as "good" or "bad." two distinct categories: 1) unde- sonnel, dive operators, colleagues involved in training and education 
The definition of the "good" and served hits (mystery accidents), and buddies. The negative social may take a particularly hard line 
"bad" victim varies depending on and 2) deserved hits (resulting reaction and stigmatization of "bad when they discover that employ­
the diver's community of affiliation. from violations of safety proce- victims" has a number of conse- ees are bent. This is partially eco­
ln general, "bad victims" include dures)." • (Murphy, 1992). quences for the diver's identity nomic. Many shops depend on 
divers who exceed the limits of Categorization of the "bad" victim and behavior as well as for the training agencies for their ratings, 
accepted no-decompression or is subject to flux, depending on dive community as a whole. which they fear will be compro-

"Good victims" are not viewed as morally responsible for their illness and do not experi­
ence stron9 negative social readions. "Bad victims," in contrast, are viewed as culpable 
and deservln9 punishment. 

mised if too many instructors get 
DCI. The shop's public image is
also at stake, and managers fear
losing • customers. Managers
assume that potential divers will

decompression dive tables, whose whether the diver admits a mistake In some respects, divers affili- be discouraged from diving if they 
dive profiles are deemed irrespon- and how he or she publicly han- ated with cave and possibly tech- are fully aware of the risks 
sible, who run out of air or other- dies the accident. nical communities may be less involved. Alternatively, students 
wise make mistakes viewed as The diver with DCI can be stigmatized than some recreational may interpret bend cases among 
unacceptable for a good diver. The compared to a woman who has divers, as long as their practices the instructional staff as an indica­
"good victim," in contrast, includes been raped. In the minds of some obey informal rules governing tion of institutional weakness and 
the uneducated or inexperienced communities, there is only one real skilled, decompression sport div- seek training els�w.her.e .. .FLQally, 
diver who couldn't possibly know rape victim, a young woman of ing. One diver explained, "[If you managers are concerned with their 
his or her profile or dive related limited sexual experience or a mar- are a cave diver], you know you students' welfare. They reason that 
behavior was risky. For example, ried woman who does not drink, can take a hit. A lot of people have students "do what instructors do 
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and not what they say." If students admitting mistakes. Instructors ing the DCI experience may be of themselves." 

learn that admired instructors dive invent "cover stories" to avoid con- particularly problematic, because Medical and hyperbaric 
below 130 feet, make mistakes or frontations. This not only increases it interferes with the individual's specialists: Some medical and 

get bent, students may exceed the the distance between manage- effort to heal psychological and hyperbaric organizations have 

limits of their skills in the false 

belief it will make them "real 

divers." 

As a result of these and other 

Nevertheless, "bad victims" are sometimes ta,sets of tactless comments by frustrated 
physicians who view "high-risk" diving as a challenge to their ability to rescue and heal.

factors, managers tend to react ment and staff but may also com- physical damage. Sharing of the taken a public stance advocating 

punitively when instructors are promise the instructor's medical DCI experience can be reparative. diving safety and discouraging 
bent, treating their accidents as a treatment. If he or she is bent in the By using his or her accident as an practices they beli_eve put divers at 

criminal, rather than a medical or future, treatment may be avoided or educational tool, the instructor risk. It is certainly consistent with 

psychological, matter. Managers delayed in order to reduce the risk attempts an early rescue of stu- the goals of medicine to discour­

may make quick decisions regard- of discovery that could result in pun- dents, offering them the protection age activities that may lead to ill-

ing punishment before the acci­

dent has been fully investigated 

to determine what, if any, 

sanctions are advisable. 

Instructors' classes are 

likely to be canceled 

and future teaching 

o p p o r t u n i t i e s  

denied unti I the 

diver is able to earn 

his or her way back 

to respectable status. 

Past accomplishments 

are sometimes seen in a 

new light, and the diver feels 

he or she must start from the 

beginning to prove him or herself. 

ishment. that he or she was not able to pro- ness or injury. However, the politi­

vide him or herself. Educational calization of dive medicine and 
sharing of the DCI trauma is helpful the moral stigma attached to 

to students as well as instructors. decompression i I lness are not 

A diver explains, "I thought it without costs to patient care and 

would help someone, keep 

them from doing what I did. 

I felt good about talking. I 

scientific research. 

The pub I ic attitudes of 

admired representatives of the 

didn't know for sure that I medical community structure opin­

would until I got up there. I ion and behavior among a variety 

think it did help, because of persons engaged in the care of 

people asked a lot of ques- injured divers. Informal attitudes 

tions." may be directly transmitted to 

DCI victims who are prohib- hyperbaric personnel who work 

ited from using their experience to with and talk to respected physi­

save others may ultimately have cians. This was the case during a 

When more difficulty healing themselves. professional conference for physi-

Instructors who have DCI are the DCI victim does resume teach- This is the case for one diver who cians and hyperbaric specialists. 

not only often treated like criminals ing, managers may discourage dis- was denied the opportunity to tell An X-ray was shown of a diver 

but also like children who must be cussion of the accident or other novice divers about her accident. with air between his skul I and 

punished for doing something mistake with students, although "All I ever have gotten back brain. The presenting physician 

bad. One diver explained, "We got some instructors informally violate from them is criticism, that it was described the diver's seemingly 

reprimanded for getting bent in this rule. One diver explained, "I my fault. The holier-than-thou atti- irrational, high risk profile and pro­

the first place. As if we hadn't got a lot of grief about it because I tude which still angers me," she ceeded to call the patient an "air­

beaten ourselves enough, they are did something stupid and admit- says. "Also I have offered to talk to head." This physician's remarks 

going to beat us up too." ted it publicly. But two guys died novices about my situation and no inadvertently sanctioned ridicule 

The diver resents being treat- in similar circumstances. I wanted one has ever asked me about it. If I of patients categorized as "bad 
ed like a criminal and a child and to save someone's life. [A manager] could teach someone, have them victims" to an audience involved in 

becomes increasingly alienated said it made me look like an idiot. I learn from my experience, maybe I patient care. 

Instructors who have DCI are not only often treated like criminals but also like children 
who must be punished for doing something bad. 

Divers suffering from DCI who 

seek advice and treatment from

hyperbaric specialists are generally 

provided competent and profes­

from management. Like the adoles- guess they're afraid it will hurt their would get some good feelings sional help. Nevertheless, "bad vie­

cent who is still dependent on his wallet. I just thought if you teach about what happened. I would tims" are sometimes targets of tact­

or her parents but is unwilling to your people better about getting hate it if someone else got into the less comments by frustrated physi­

submit totally to their restrictions, hurt, then they are less likely to get circumstance I did. I would like to cians who view "high-risk" diving 

the instructor learns that lying hurt." serve as a personal example, so as a challenge to their ability to res­

about accidents is better than The prohibition against shar- that people might take better care cue and heal. Stigmatizing reac-
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tions on the part of physicians are ing to do with diagnosis and treat- and the moral stigma attached to experience of decompression ill­
particularly potent in view of the ment, reflecting instead his nega- decompression illness has com- ness apparently because she did 
inequality of the doctor-patient tive attitude about the patient and promised the ability of medical not believe the researcher's claim 
relationship and the patient's vul- her "irresponsible," "dangerous" and other researchers to pursue of neutrality and was concerned 
nerability. and "irrational" dive pattern. Upon objective research. Some "bad vie- about her supposed allegiances. 

Patients are also in a position discovering the letter, the patient tims" refuse to fill out forms used Finally, dive shops and others 
of physical and psychological vul- was mortified. for statistical and other purposes may themselves discourage certain 
nerability. First, they are sick and Technical divers often avoid because of their discomfort with kinds of research. In one case a 
needy and do not have the ability interactions with representatives of the attitudes of the medical organi- dive shop told its instructors to 
to treat themselves. Second, they dive medicine organizations zation sponsoring the studies. avoid participation in a study by an 
are willing to provide the physician because they anticipate a negative Divers also fear that researchers will established scholar. Further data is 
knowledge about private and response in view of the political compromise claims of confiden- needed to determine precisely 

As a result of these and other facton, manasen tend to react punitively when instructon 
are bent, treatins their accidents as a criminal, rather than a medical or psychol09ical, 
matter. 

why training managers are threat­
ened by research. Many are unfa-
mi liar with certain kinds of research 
and assume it could have negative 

potentially embarrassing aspects of positions such organizations take tiality and reveal their accidents, effects on business. They may 
also their Uves in the interests of their about deep diving. One diver subjecting them to further negative associate some research 
with care. The "bad DCI victim" may be explained, "Most of us don't call sanctions from non-medical mem- journalism and worry that 
especially vulnerable to abuse of [the medical organization] because bers of the diving community. compromising exposes 
the doctor-patient relationship; when you tell them your profile, One diver who planned to will be written. 
because he or she is already you know what they're thinking: become an instructor expressed D  i  v  e 
engaged in a critical self-assess- 'You asshole"' In contrast to some fear that participation in a study Operators: 
ment and may have experienced recreational divers who do not could ruin his diving career. He There 
negative reactions from dive col- have strong community affiliations, was concerned that dive shops 
leagues. Five out of six "bad vie- the technical diver is at an advan- might deny employment if they vari­
tims" that were interviewed related tage. He or she has access to learned he had been bent. Divers 
interactions with medical profes- names of physicians who special- also assume that all researchers 
sionals that they experienced as ize in dive medicine and are less have an axe to grind in the political 
hurtful and even degrading. likely to infuse the examination arena and are not as neutral 

Typically, "bad victims" call a with moral judgements. These as they claim. Along 
dive medicine organization for physicians can consult with mem- these lines, a 
advice regarding DCI symptoms bers of medical organizations diver decid­
and encounter unprofessional regarding the divers health without ed not to 
remarks about their diving prac- putting the diver at risk of experi- s h a r e  
tices. One diver revealed her pro- encing moral sanctions. h e r 
file and was told in what she per- A number of problems result 
ceived as a critical tone, "That's from the occasional tension 
way off the tables." A hospitalized between divers and doctors. 
diver with a severe case of DCI was Patient care may be compromised, 
repeatedly questioned by nurses because divers with mild DCI 
and doctors regarding the depth symptoms hesitate to consult with 
of her dives, despite their irrele- doctors who they fear will judge 
vance to ongoing treatment. their diving practices and make 
Although medical personnel may them feel ashamed. Or divers may 
just have been curious, the diver lie to doctors about their profiles 
experienced these inquiries as or drug/alcohol consumption in 
intrusive accusations by incredu- order to protect themselves from 
lous listeners. In a confidential moral judgements. They may omit 
exchange between two doctors some of the information needed 
about a DCI patient, the referring for appropriate diagnosis and 
doctor included in his letter a treatment. 
number of remarks that had noth- The politicalization of diving 
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ation in policy and practices Nevertheless, warmwater profiles. On the third day, the around and go back, it will spoil 
regarding diver safety. Warmwater operators vary in how they view woman made a third dive below everybody's trip. You know that 
dive operators in particular are their responsibility and the precau- 165 feet. When her computer indi- people just put down a thousand 
more likely to serve a variety of tions they are willing to take. cated that she had no more time at dollars for this trip and if they have 
unknown divers of varied skill and A number of operations depth, she abandoned her buddy to turn around and go back 
experience. Liveaboards tend to 
attract a class of divers who want 
to avoid the limitations of shore 
operations and maximize their 
underwater freedom. Many live-

"[If you are a cave diver], you know you can take a hit. A lot of people have lost friends, 
know people who have died or have been associated with a body recovery. Red divers 
and wreck divers don't have the same sense of community as cave divers." 

aboard operators are particularly appear to provide mixed mes- and began her ascent. She lost because of you, you aren't going 
concerned about diving safety sages to divers. For example, they consciousness at 10 feet and sus- to be a real popular person." 
because of the risks involved in may formally proclaim concern tained a serious hit. After the last dive of the trip, 
repetitive diving among an and informally practice neutrality. She later explained, "\ felt this same diver experienced symp­

angry. I was angry at my own stu- toms of DC\ and did not discuss 
pidity. Why hadn't I paid attention them with the divemaster because 

unknown population of divers. On one hand, dive briefings may 
limit dive depths and times. 
Captains and dive masters may to the fact that I was diving deep- she feared his reaction. She contin­
require formal recording of dive er? I looked at my profile and I was ued to conceal her fear that she 

profiles. Divemasters will make angry at the captain and I was had DC\ when they arrived on 
themselves available as angry at the divemaster. Had the shore, despite some mild symp­

guides and offer help if divemaster said to me, 'Do you toms of paralysis. 
problems arise. realize what your profile looks Dive colleagues and buddies: 

Informally, however, like?' I would have listened. I Dive buddies may also inadver­
there may be a would have heard it as a criticism, tently collude with the injured 

"dive your heart but I would have listened. The diver's desire to deny or minimize 
out but don't cook told me later that the dive- the seriousness of the injuries. One 
ruin the trip" atti- master said that she thought we diver finally told her buddy about 
tude on the part were all professionals. She didn't her concerns, and the buddy 
of dive leaders. have the right to say anything to us overtly displayed displeasure. As a 
As a result, because we were all professionals." result, the diver decided she 
divers may have In pre-dive announcements, would not further annoy her part-
a false sense of divemasters commonly express ner by telling him she wanted to 

security and/or concern about safety and make go to the hospital. When the symp-
be confused clear that injured divers should toms worsened on the plane ride 

about what they report problems to crew. In the home, the diver again mentioned 
really should do if a same briefings, divers are warned her concern and discussed her 

serious problem should that if they get DC\, it will ruin desire for oxygen. The buddy 
arise. everyone else's trip, because the remained firm in his insistence that 

In one case, a liveaboard boat will have to go ashore. the problem was not serious, 
dive operator requested the pub- Hearing these mixed mes- claiming, "They will never give it to 
lie recording of dive profiles. One sages, divers are likely to hesitate you because they need it for real 
group was making daily dives that to confess their fears of illness lest emergencies." The diver did not 
disregarded known rules about they antagonize crew, buddies ask for oxygen and delayed treat­
computer use, depth, time and and friends. Social support is also ment until she returned home. The 
repetitive diving limitations. During provided for divers' desires to chamber brought little relief, and 
the first three days, at least one deny injury. One diver explained, she suffered fatigue for many 
diver in the "deep diving" group "If this had happened to me in the months. Mild DC\ symptoms 
dutifully recorded her profiles. middle of the trip, I would not remain, perhaps as a result of 
Although the dives were likely sub- have considered telling anyone for delayed treatment. 
ject to private comment by crew a second. They would have had to A male diver was bent while 
and a group of "conservative" turn the boat around and go back. attempting to rescue his inexperi­
divers, no one took any of the They tell you that you better be enced wife and buddy. He decid­
deep divers aside to discuss their careful, because if you have to tum ed to go to the chamber when ini-

aquaCorps foumal 21 



tial symptoms of nausea and verti- discovering that "this is the guy explained, "You feel very vulnera- tims are able to resolve the trauma 
go persisted into the night. Prior to who got bent," she remarked to ble, and people exploit that vul- of DCI and subsequent social 
his decision to seek treatment, the the victim, "stupid, stupid, stupid." nerability ... because of their own assault with relatively few disabling 
diver expressed his fear that he A "friend" of one victim, herself fears. I was at a party and Jay psychological scars. Others are 
was bent to his buddy, who just beginning to engage in comes up to me and starts making not. 
denied the possibility and insisted decompression diving and appar- these jokes. ·so Dan, where ya One woman , stigmatized as a 
that food was the culprit. Even ently quite fearful, commented "So gonna be diving this year?'" Jay "bad victim" and subjected to a 
after a chamber ride brought some is fatigue still your excuse [for get- listed a series of novice dive sites. severe social reaction, still lives in 
relief, she insisted that, "If you had ting bent]?" "Like this is so beneath a diver to torment several years after her acci­
just slept it off instead of going to DCI victims handle such be diving these things," the diver dent. She continues to vacillate 
the chamber in the middle of the remarks differently, depending on continued. "His attitude is that he between blaming herself and 
night, you'd be fine." their personality and the nature of wants to go deeper, longer, further blaming others. Sometimes she 

Joking and sarcastic remarks outside support groups. However, than other people, to prove he is attributes her accident and/or 
constitute another way that bud-

'/// dies often react to accidents. ; I 1 
Some jokes are friendly; others are 
ambivalent or overtly hostile. 
Regardless of intent, jokes are not 
always welcomed by the DCI vic­
tim, who may experience them as 
attempts to cause pain and humili­
ation and/or minimize the serious­
ness of his or her illness. 

Typical among divers are 
"bend presents" commemorating 
the accident. One diver who got 
DCI after making a 200-foot dive 
received a coffee mug stating 

physical disabilities to her com­
puter, an irresponsible dive oper­
ation and a catheter. At others, 
she becomes involved in endless 
attacks on herself. Her defensive 
fluctuations, which alternately 
protect her from shame and 
humiliation or intolerable rage, 
provide no relief. This diver can­
not forgive herself for what hap­
pened and has little understand­
ing of why she put herself at risk 
of injury. She often feels as 
though she was punished and 
sometimes she thinks she 

"Divers Do It Deeper." Other vie- few divers are able to isolate them- better, to out-macho everybody. deserved it. 
tims typically receive T-shirts, some selves from their feelings sufficient- Good way to get himself hurt." Indeed, the diver feels like a 
of which are illustrated with per- ly to avoid feeling angered and As negative social reactions rape victim in a trial in which she 
sonal messages and cartoons. One humiliated regardless of how they become more evident, divers may becomes the criminal in the eyes 
diver graciously received his pre- publicly deal with stigmatization. begin to read between the lines of of attorneys, judge, jury and even 
sent in the hospital. Although he One diver commented, "I felt like any social interaction. They know herself."! did talk to an attorney 
pretended to be pleased, his feel- smacking him. I take the comments that people are talking about them, and I considered a lawsuit against 
ings were mixed. He explained, very personally. You read between because they hear about some of the computer manufacturer," she 
"At first I didn't like it. I felt like I the lines. 'You are a bad diver.' That the conversations. Some discus- says, "but the laws are based on 
was being discredited. I had a is how I take it when people make sion that goes on behind the what you do, and I didn't make my 
good reputation. Now I felt it was these kinds of comments, and I diver's back is wel I intended. safety stops and was diving an 
spoiled. After a while I realized don't like it. Some of these people However, the diver does not know irregular pattern. So it wouldn't 
that it was their way of handling it. wi 11 never shine a torch in the the context of conversations and matter if the manufacturer hadn't 
It had as much to do with them as places I have been." cannot know who is thinking what. repaired the computer when I sent 
with me." One diver was able to protect Reality and fantasy are confused, it in. It probably would have been 

In contrast to jokes, which can 
be tolerated by most victims, tact-
less and sarcastic remarks are 
experienced as degradation cere-
monies intended to shame and 

"Most of us don't call [the medical organization] because when you tell them your profile,
you know what they're thinking: 'You asshole'"

humiliate the injured diver. One himself against the verbal assaults and the more vulnerable divers are thrown out of court. And also all 
diver was referred to as "Mr. Fizz" by trying to understand the aggres- likely to find it difficult to face the the embarrassment of being 
at a public forum. A colleague sor's motivations. Nevertheless, he world, anticipating and feeling dragged through all of this and 
introduced a DCI victim to the col- sti 11 experienced the remarks as shame wherever they go. being told that I was wrong. Rape. 
league's girlfriend at a party. After insulting and degrading. He With time, a number of vie- Yes it does feel like a rape. If you 
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were to do it over again, you ty. Some divers may also grow sociologist and a Clinical Instructor
would do something different, in increasingly committed to high- of Psychiatry at the New York

my case with depth and profile. risk diving subcultures, which are University Medical Center, who is

But at the same time no one will sometimes more willing to view currently concluding a study of the

even pat you on the back and DCI as an occupational hazard social and psychological dimensions

say you must feel very bad. and accept the injured diver as 
Instead, they a 11 start asking one of their own. 
questions and pointing fingers Not only does the stigmati­
immediately, and all the fingers zation of DCI increase psycho­
unfortunately tend to be pointed logical stress, it also has a dele-

of DC/. She can be contacted at, 438
E 58 St., New York, NY 70022.
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rJ technology

A 
considerable amount of interest recently has arisen in Doppler ultrasonic bubble detection and its application to decompression research and diving operations. As a result, some misun­derstandings exist about the role of bubbles that the Doppler instruments can detect and the rela­tionship between Doppler-detected bubbles and decom­pression illness (DCI). Although many mechanisms may be associated with DCI, the most probable initiating fac­tor is still believed to be the formation of bubbles. Early decompression studies suggested the presence of "silent bubbles" that did not result in DCI signs and symptoms, and considerable research was conducted in detecting bubbles with· ultrasound. The Doppler ultrasonic bubble detector is the simplest, most convenient and most practi­cal method for observing bubbles in humans. However, it can only detect intravascular bubbles, i.e., bubbles mov­ing through the circulatory system, and it requires skilled personnel to use and interpret the bubble signals. 

A llstory of Doppler Decompression researchers have used Doppler ultra­sonic bubble detection as a tool for almost 25 years. Its origins go back to 1968 when two groups of researchers, Spencer and Campbell (working with sheep) and Gillis, Peterson and Karagianes (working with pigs) reported detecting decompression-generated bubbles with Doppler flowmeters. In 1968 Spencer reported the. first detection of bubbles in humans. In 1970, the Spencer Precordial Bubble Detector was developed expressly for detecting decompression-generated bubbles (available from the Institute of Applied Physiology and Medicine (IAPM), 
24 aquaCorps Journal 

Seattle, Wash.). This instrument was designed to monitor blood-flow in the heart's right ventricle or in the pul­monary artery. Spencer and Johanson devised a grading and coding scheme for classifying bubbles, based on a scale from O to 4. Due to its potential for decompression studies, a number of researchers soon adopted the Doppler tech­nique. For example, Pilmanis found that "no-decompres­sion dives" could produce high levels of bubbles and that a short safety stop was effective in reducing bubbles. In Japan, the Doppler ultrasonic bubble detector was used extensively for monitoring compressed air workers as well as divers. Spencer conducted an extensive study on no-decompression (no stop) dives with divers in both hyperbaric chamber and in the open ocean. This work was later used by Huggins to develop the Michigan Sea Grant no-decompression repetitive dive tables and the algorithm for the EDGE dive computer. Although Huggins' No-D table has become commonly known as the "No-Bubble Tables," Huggins actually used Spencer's limits for bubble formation. In France, Guillerm and Masure! of the French Navy carried out considerable work on Doppler bubble detec­tion. Together with the Institut National des Sciences Appliquees in Lyon, they developed better instrumenta­tion and transducers for bubble detection. (The precor­dial bubble detector that was developed was later market­ed by Sodelec S.A. of Marseilles.) In 1978, Kisman from Canada's Defense and Civil Institute of Environmental Medicine (DCIEM), who was developing a computer pro­gram to detect and grade bubbles, went to France to work with Masure!. Together, Kisman and Masure! developed a 

In recent years, there has been a 
resurgence in the use or the Doppler 
bubble detectors lor monitoring divers 
and evaluating dive profiles, particularly 
in the recreational and scientific diving 
communities. 

Illustration by: Michael Bielinski 

more comprehensive bubble grading scheme that was believed to be much easier to learn than the Spencer Code and that could also be adapted easily for use for computer grading of bubbles. Research at DCIEM included both theoretical and experimental studies into bubble detection and the scat­tering and absorption of ultrasonic waves by bubbles. Considerable work was done in developing a computer­ized method for detecting and grading bubbles. In 1979 DCIEM embarked on an extensive program using the Doppler method to assess decompression models, profiles and diving techniques. This work led to the development and validation of the DCIEM air diving tables and the just-completed helium/oxygen diving tables. Because of a need for a highly reliable and readily available Doppler instrument, DCIEM was also involved in the development of a precordial Doppler ultrasonic bubble detector (manu­factured by Techno Scientific Inc., Woodbridge, Ont.). 
In recent years, there has been a resurgence in the use of the Doppler bubble detectors for monitoring divers and evaluating dive profiles, particularly in the recre­ational and scientific diving communities. For example, studies conducted by DAN have shown that typical sport diver profiles can result in detectable bubbles. Doppler was also used in testing the new DSAT/PADI dive tables for multi-dive, multi-day diving. Recent work by Eckenhoff and colleagues on shallow air saturation dives has been directed at obtaining a better understanding of the fundamental mechanisms of bubble formation and decompression in humans. Doppler bubble detection has also been used at altitude for aircrew and in space. 

Meuureant T� The most common location for monitoring bubbles in humans is the chest (precordium), either the pul­monary artery or the right ventricle of the heart. Ultrasonic waves are transmitted into the blood flowing in these locations, and any bubbles present in the flow. can be detected as echoes among the background noise produced by the red blood cells and other particles in the blood. Theoretically, since the entire venous system drains into the right ventricle, any decompression-gener­ated bubbles should be detected at this location. In prac­tice, however, not all bubbles can be detected. For exam­ple, sometimes bubbles can be detected in the subclavian veins in the shoulders when none are detected in the chest. There are several reasons for this. The bubbles must be large enough so that the reflected ultrasonic waves from the bubbles can be detected over the back­ground blood flow signal. Echoes from smaller bubbles will be lost in the background signal. The background signal is very complex and noisy and consists not only of the signals from blood cells but also from any moving surface within the sound field. This can include the motion of the heart walls and heart valves. Some of the sounds, notably from the valves, may be quite similar to that from bubbles. The subclavian veins, on the other hand, are superficial veins, and the background is rela­tively quiet. Thus, it is easier to detect bubbles in these locations. Detecting and classifying bubbles with the Doppler ultrasonic bubble detector requires extremely skilled and well-trained observers. Because not all bubbles can be detected in the chest, it is necessary to look at other locations in the body. With the Kisman-Mansurel method used by DCIEM, both the right and left subclavian veins (shoulders) are always monitored in addition to the chest. Other locations such as the femoral vein or inferior vena cava can be moni­tored, but the minimum should be the chest and the two subclavian veins. Monitoring is done for two conditions: first, with the diver standing at rest and second, after the diver per­forms some specific movement. For chest monitoring, the diver performs a deep knee-bend, squatting, then ris­ing again. For the subclavian veins, the diver clenches the fist, then relaxes the hand on the side being moni­tored. Previously available Doppler bubble detectors (IAPM, Sodelec and the early versions of the TSI units) operated at 5 MHz. At DCIEM, it was found that with the 5 MHz units it was sometimes difficult to obtain good signals, particularly with large individuals, and that a slight shift in the position of the probe could mean the difference in whether bubbles were detected. DCIEM is now using 2.5 MHz instruments manufactured by TSI. The use of the lower frequency results in less attenuation of the signal by the tissue mass between the bubble and the transducer and in a slightly broader beam width, which makes probe placement less critical. 
The Kisman-Masurel code The method Kisman and Masure! developed for iden­tifying and classifying bubbles consists of breaking the bubble signal into its component parts. The diver is mon­itored for bubbles while standing at rest, then after per­forming a specific movement. If bubbles are present, the movement condition generally increases the number of bubbles swept into the circulatory system. The signal is first analyzed by determining tl:_ie bubble fr�quency, i.e., the number of bubbles per cardiac period. This is graded on a scale of O to 4, 0 representing no bubbles, and 4 rep­resenting so many bubbles that they cannot be individu­ally distinguished. The signal is then analyzed, once 
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WHAT IS A 
DOPPLER 
BUBBLE 
DETECTOR? 
Named after 19th-century physicist Christian Doppler, Doppler's principle states that the frequency of an observed sound is differ­ent from that emitted by the source whenever the observer and the source are moving relative to one another. The classic exam­ple of this is an observer standing at a railway crossing waiting for a train to pass. As the train approaches the crossing, the engineer blows the whistle. To the observer, the whistle changes from a high-pitched sound as the train approaches to a lower-pitched sound as the train passes and recedes into the distance. In the Doppler ultra­sonic bubble detector (DUDB), a transmitting element radiates sound at a constant frequency into a blood vessel (see dia­gram). Sound waves are reflected back by red blood cells. Because the blood cells are moving, the reflected waves, as picked up by the receiving element, are shifted in fre­quency (Doppler effect). This frequency shift depends on the frequency of the transmitted wave (f), the velocity (v) of the reflecting objects, the angle (a) between the transmitted wave and the direction of motion, and the velocity of sound (c). In fact, the DUDB is actu­ally a flowmeter, which can be used to measure the flow velocity in, for exam­ple, blood vessels or pipes. A gas bubble passing through a blood vessel is a "hard" reflecting object 
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compared to the blood cells due to the differences in density and velocity of sound between the gas and the blood. Thus a bubble produces a signifi­cantly higher echo (depending on the size of the bubble) than the back- . ground echoes from the blood cells. Small bubbles may not be detected, because the echoes, although much larger than those from blood cells, may be overwhelmed by the back­ground signal consisting of the combined echoes scattered back by the mil­lions of red blood cells that may be surrounding the bubble. Also con­tributing to the back­ground signal is the Doppler shift from any other moving object with­in the sound field, such as pulsating blood vessel walls and, if monitoring in the heart, the move­ment of heart valves. Typically, a DUDB operates at a nominal fre­quency of 2.5 or 5 MHz. Instruments that have been designed for decom­pression research such as the Techno Scientific DUDB are continuous wave (CW) instruments. (CW instruments are gen­erally less expensive, less complicated and easier to use than pulsed Doppler systems.) The DUDB out­put is the difference in fre­quency between the trans­mitted and received waves. This frequency dif­ference is in the audio range and can be picked up easily using a set ofhigh-quality headphones.

again on a scale of O to 4, for the percentage of cardiac cycles containing bubbles for the rest condition, or for the duration, i.e., the number of cardiac cycles with ele­vated bubble signals, after the movement condition. Finally, the signal is analyzed for the amplitude of the bubble signal relative to the amplitude of the background blood flow signal. The three parameters-frequency, percentage/dura­tion and amplitude-are then combined into a three­digit code that can be translated into a bubble grade on a scale of O to 4 similar to the Spencer scale. Although the KM method may appear to be complicated, it is in fact much simpler to learn, because it treats bubble grading as a systematic procedure. With practice, an individual can classify the three parameters simultaneously and immedi­ately assign the three-digit KM code to the signal. 
Doppler Monitoring The objective of Doppler monitoring is to obtain a history of bubble production for each subject after a dive. For most non-saturation dives, bubbles are not observed until about a half hour after the diver has been on the surface. Delays of an houi or more have also been noted; thus a single monitoring of a dive subject is not sufficient and could result in bubbles being missed. As it is not pos­sible to monitor a single individual continuously, mea­surements are taken periodically at 20- to 40-minute intervals for at least a two-hour period after the diver sur­faces. In stressful dives, bubbles can be observed as soon as the divers surface, and in some cases, the bubbles have been observed to persist at high levels for more than six hours after surfacing. During the 1970s, the Doppler technique fell into some disfavor, as it became evident that large numbers of bubbles could be detected in many cases with no indica­tion of DCI. In addition, DCI was found to occur in some cases with no detected bubbles. (The latter may have been a result of poor instruments, poor techniques, inad­equately trained users, and not looking in the right place or at the right time. In much of the earlier work, bubble monitoring was carried out only once after a dive.) Thus, the original hope of using the Doppler as a diagnostic tool for predicting DCI was not borne out. Another early hope for the Doppler bubble detector was as a personal decompression monitor to control decompression by listening to the bubbles at the decom­pression stops. Although bubbles can be detected at the stops for dives requiring substantial decompression, bub­bles generally tend to become observable only after the diver has reached the surface. Thus, a Doppler bubble detector is not practical as a personal decompression monitor. In addition, the skill and training required for identifying bubbles would rule out its use for most indi­vidual. 
Bubble-DCI Correspondence Several surveys of Doppler data have shown a rela­tionship between intravascular bubbles and DCI. Many of these studies were based on relatively small data sets; however, they all show that the risk of DCI increases with increasing bubble grades. DCIEM has amassed a consider­able amount of Doppler data since 1979. This data has been reviewed and analyzed by D. Sawatzky of DCIEM, who selected a data set consisting of 73 cases of DCI in 3,234 man-dives (1,726 man-dives on air/nitrox and 1,508 man-dives on helium/oxygen breathing mixtures) conducted over an 11-year period. All bubbles were classi­fied according to the Kisman-Masurel code. Figure 1 shows the relationship between percentage DCI and precordial bubble grades observed in the chest for divers standing at rest. For air/nitrox dives, the inci-

dence of DCI is very low for Grade O (no bubbles) or Grade 1 bubbles. The risk of DCI increases when bubbles at the Grade 2 or higher levels are observed. In the data set, only one of three subjects was on air/nitrox and one of two subjects was on helium with Grade 4 bubbles. Grade 4 bubbles in the chest with the diver at rest are rare, unless the dive profiles are extremely unsafe. All previous studies have also shown that the risk of DCI in these cases is extremely high. Figure 2 shows the relationship between percentage DCI and precordial bubble grades after movement (deep knee-bend). The movement condition is convenient, because it generally results in a temporary increase in the number of bubbles observed. For example, some individ­uals with Grade 3 bubbles at rest may have Grade 4 bub­bles after movement. For this data set, Grade 4 bubbles were observed in 37 subjects for air/nitrox dives and 132 for helium dives resulting in a 14% and 10% incidence of DCI. The data presented in Figures 1 and 2 suggest that when bubbles are present, the risk of DCI is higher for 

DI the 3,234 dives in the DCBI data set presented 
here, 55% had observable bubbles. DI these, only 4% 
had DCI. Thus, intravascular bubbles are not a good 
Indicator ol which individual wiH develop DCI. However, 
almost al the cases or DCI (72 out or 73) were accom­
panied by bubbles. Therefore, if no bubbles are detect­
ed, the risk or that individual developing DCI is 
extremely low. 

air/nitrox dives than for dives conducted using helium/oxygen breathing mixtures. A problem in trying to correlate DCI with precordial bubbles is that DCI sometimes occurs without any precordial bubbles being observed. In this data set, there was a 0.6% incidence of DCI for both air/nitrox and helium dives (7 /1, 164 sub­jects and 6/945, respectively) when no bubbles were detected. It should be noted that not all bubbles can be detected in the precordial region. If all sites are consid­ered (the chest and both left and right subclavian veins), and if the maximum bubble grades are observed regard­less of site and condition used (i.e., rest or movement), the results show that only one case of DCI (out of 1,442 subjects) had no observable bubbles. Thus DCI is almost always accompanied by bubbles. This shows the impor­tance of monitoring other body sites in addition to the chest. Figure 3 shows the percentage DCI results for the maximum bubble grades observed (regardless of location or condition). When the maximum score is considered, it can be seen that the risk of DCI is low for Grades 0, 1, and 2 bubbles and that Grades 3 and 4 have a much higher risk. Over 90% of the cases of DCI were associated with Grades 3 or 4 bubbles. It should be emphasized that intravascular bubbles are not believed to be the direct cause of the signs and symptoms in all cases of DCI. They are, however, an indi­cator of a high inert gas load in the body. As a result, their presence reflects the risk of DCI. 
Decompreaslon Siren Of the 3,234 dives in the DCIEM data set presented here, 55% had observable bubbles. Of these, only 4% had DCI. Thus, intravascular bubbles are not a good indicator

continued on page 30 
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Howto. .. 
Find out about the latest develop­
ments in self-contained diving 
technologies and methods. 
The tek .93 Proceedings represents the work and 
perspective of some of the planet's leading divers, 
experts, industry gurus, and vendors, on today's 
emerging new technologies and how they can be 
applied to improve your diving safety and perfor­
mance. Whether it's diapers or desktop decom­
pression software, full face masks or closed circuit 
systems, find out what the future holds today. 

Emerging Technology Sessions: 

The Technological Challenge, 
chaired by Michael Menduno, 
aquaCorps Journal. 
PARTICIPANTS: 
Glen J. Butler, 
Life Support Technologies 
Rob Cason, 
International Association of Nitrox 
Divers Inc. Australia 
Dr. R.W. Bill Hamilton, 
Hamilton Research 
Gary Hromadko*, 
Merrill, Pickerd, Anderson & Eyre 
Simon Moores, 
aquaCorps Europe 
Drew Richardson, PAD! 
Bill Turbeville, Hruska & Lessor 

A Mandate For Full Face Masks and Communications? 
chaired by Steve Linton, Dive 
Rescue Inc. 
PARTICIPANTS: 
Jim Baden, Scuba Adventures 
Butch Hendricks, 
Life Guard Systems 
Chris Johnson, 
Diving systems International 
Bengst Kjelberg, lnterspiro 
Richard Nordstrom, Divecomm 
Jerry Peck*, 
Ocean Technology Systems 
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Advances In Decompression Management Tools and Methods 
chaired by Dr. R.W. Bill Hamilton, 
Hamilton Research Ltd .. 
PARTICIPANTS: 
Corey Bergman, Cybertronix 
Randy Bohrer, 
Underwater Applications Corp. 
John Crea, Submariner Research Ltd. 
Kevin Gurr, Aquatronics 
Dr. Jennifer Hunt, 
New York, University 
Jean-Pierre Imbert, Comex Services 
Ron Nishi*, DCIEM 

Evacuation and Treatment, 
chaired by Dr. Maurice Cross, 
Diving Diseases Research Center 
PARTICIPANTS: 
Bret Gilliam, Ocean Tech 
Dr. Phillip B. James*, 
University of Dundee 
Richard Pyle, Bishop Museum 
John Selby, SOS Ltd. 
Dr. David Youngsblood, 
Mercy Hospital 

The Next Generation: Closed Circuit Technology 
chaired by Phillip Sharkey, 
University of Rhode Island. 
PARTICIPANTS: 
Bob Cranston, 
Howard Hall Productions 
Stuart Clough, <:arrnellan Research Ltd. 
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Jim King, Deep Breathing Systems 
Russell Orlowsky, 
National Draeger 
Rob Palmer, European Association 
for Technical Diving 
Dr. John Zumrick, US Navy 

Improving Operational Safety, Part I, 
chaired by Lad Handelman, 
former CEO of Cal-Dive and 
Oceaneering International. 
PARTICIPANTS: 

Capt. Billy Deans, 
Key West Diver Inc. 
Jay Jeffries, 
Diving Unlimited International 
Jim King, 
Deep Breathing Systems 
Barb Lander, Freelance writer 
Steve Linton, Dive Rescue Inc. 
Dick Long•, 
Diving Unlimited International 

Improving Operational Safety, Part II, 
chaired by Lad Handelman, 
former CEO of Cal-Dive and 
Oceaneering International. 
PARTICIPANTS: 
Capt. Billy Deans, 
Key West Diver Inc. 

Steve Bielinda, R. V. Wahoo 
Lamar Hires, Dive Rite Mfrg. Inc. 
John McAniff, 
Univ. of Rhode Island 
Michael Menduno, 
aquaCorps Journal 
Tom Mount, International 
Association of Nitrox Divers 
Phil Nuytten, 
Can-Dive Services Ltd. 
Dr. Richard Vann*, 
Duke University 

• Key note address.

EXTRAS: Scooter Lunch: with 
Bill Gavin, Naval Coastal Systems 
Center, and Lamer Hires, Dive 
Rite Mfrg. Inc. 
The One Atmosphere Lunch, 
with Phil Nuytten, Can-Dive 
Services Ltd. and Wes Skiles, 
Karst Environmental Services. The 
Limits of Breathhold Diving, by 
Dr. Claes Lundgren, Center for 
research in Special Environments, 
Comex Services pioneering dive 
to 700 msw using hydreliox, 
with Jean-Pierre Imbert, over 30 
"tutorial" sessions and more. 

■I��tngs 
and Michael Menduno
BEST PUBLISHING COMPANY 

Is too much knowledge dangerous? 

I am a 38 year old pharmacist, working 
on my Masters degree in medical writing, 
and am also a PADI and EAN ( enriched air 
nitrox) instructor heavily involved in helping 
my brother, run a dive store. I have been 
diving since 1979, and have made about 
200 decompression dives, most on East 
Coast wrecks, and frequently dive solo: a 
fact of life for an instructor, but also my 
preference unless I'm working with another 
diver I trust. 

I think you would find it interesting to 
know that my son, Jim, was certified in 
EAN last year when he was 1 3 years old. 
That should speak volumes to anyone who 
asks me whether I think technical diving 
knowledge is mortally dangerous. In fact, I 
believe the opposite. The reason why 
recreational diving is restricted to short, 
shallow dives is because the usual training, 
techniques and equipment make dives out­
side "the limits" hazardous. Technical meth­
ods on the other hand are being developed 
by the leading divers in our sport to safely 
perform challenging dives. Following this 
thinking to its logical conclusion, recreation­
al divers could profitably use some of these 
technical methods to make their own dive 
safer. 

My son's diving is a great example of 
how access to advanced technique can be 
used to increase diver safety at the recre­
ational level. You ought to see the raised 
eyebrows he shoots at me when he sees 
other people wreck diving without a redun­
dant air system, hang tanks, up line, dou­
ble buckle weight belt, extra lights, and 
most important, solid dive plans.It doesn't 
make sense to him. 

Observing both Jim's reaction and that 
of other new divers who have had access 
to technical diving information has con­
vinced me that it is not a Pandora's box. 
This is a big change in my position. A few 
years ago, I would have argued vehemently 
that this knowledge needs to be guarded. 
My current belief is that the dissemination 
of information about technical diving is 
analogous to the risk vs benefit analysis 
made in medicine. Doctors don't hesitate 

to prescribe a drug like penicillin when it's 
needed, even though a small percentage 
of the population will have an adverse 
reaction, even die from taking it. The bene­
fit out weighs the risk. In a similar way the 
dissemination of technical diving informa­
tion will help ordinary divers, both technical 
and recreational dive safer. 

Of course, a very small number of 
people are bound to misuse the informa­
tion and hurt themselves; that's the risk 
part of the equation. They will get hurt, not 
because they used advanced techniques, 
but because they ignored the rest of the 
essentials. I believe that the people who 
would get hurt abusing high tech informa­
tion would find a way to do a number on 
themselves anyway- if not in diving, then 
in a car or somewhere else. They are in it 
for the risk. 

Tom Carroll 
New Windsor, MD 

Personal responsibility 

This is just the kind of publication my 
dive friends and I have been looking for. 
And let me emphasize one thing; we 
accept (the aquaCorps) "Warning 
Statement" and the philosophy behind it. 
Personal responsibility and a "level head" is 
our code too. 

Kevin Smith 
Corning , New York 

Freedom Of information 

It is important that the general diving 
public be exposed to these (technical div­
ing) concepts. It is up to the individual to 
decide what makes sense for them and 
what should be discarded. In a free society 
information should be shared and dis­
cussed, not held as a closely guarded 
secret. 

Scott Huffman 
Miami , Florida 

Community 

For The Rouses 

Chris and Chris Rouse Jr. died 
1 2Oct92 as a result of an entanglement that 
delayed their exit from the submarine, the 
"U-Who", from which they ultimately were 
unable to recover. They were NAUI divemas­
ters, and full-cave certified cave divers, who 
had been presented with the Abe Davis 
award for more than 1 00 safely completed 
cave dives. Chris Sr was also the regional 
safety officer for the National Association 
for Cave Diving (NACD). Their credits 
included dozens of dives beyond two to 
three hundred feet in Florida caves. Their 
ocean diving experience was equally varied 
and spectacular; in 1992 alone they 
explored the Andrea Doria (245 fsw/7 4 
msw), the "U-Who" (230 fsw/70 msw) and 
the "Oil Wreck" (1 75 fsw/53 msw) off the 

continued on page 56 
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continued from page 27 
of which individual will develop DCI. However, almost all the cases of DCI (72 out of 73) were accompanied by bubbles. Therefore, if no bubbles are detected, the risk of that individual developing DCI is extremely low. The primary use of the Doppler ultrasonic bubble detector is as a research tool for post-dive assessment of dive profiles. The traditional approach to developing and 

evaluating dive tables or profiles has been based on the occurrence or non-occurrence of DCI. From the statistical point of view, proving the safety of dives using DCI as a criterion with any degree of confidence would require more dives than are normally feasible. Moreover, the diagnosis of DCI can be quite subjective. Since intravas­cular bubbles occur far more frequently than DCI and can be detected even in safe dives, the Doppler ultrasonic bubble detector can provide for more information to assist in the assessment of the severity of the dive profile. We can speak of "decompression stress" as a criterion for safety. Dives that produce many observable bubbles will have a high risk of DCI and, therefore, high decom­pression stress. Conversely, dives which produce no 
we can speak of ''decompression stress" as a crite­

rion for safety. Dives that produce many observable 
bubbles wil have a high risk of DCI and, therefore, high 
decompression stress. Conversely, dives which pro­
duce no observable bubbles or few bubbles will have a 
very low risk of DCI and low decompressioo stress. 

observable bubbles or few bubbles will have a very low risk of DCI and low decompression stress. In evaluating dive profiles, it is no longer necessary to "bend" divers to know whether the dive profiles are acceptable. (Note the use of the term "observable." The fact that bubbles can­not be detected with the Doppler ultrasonic bubble detector does not necessarily mean that bubbles are not present.) Simple criteria for estimating the acceptability of dive profiles can be established based on the number of subjects displaying high bubble grades. For example, one criterion to reduce the risk of DCI to less than 5% could be that less than 50% of the subjects have bubble scores of Grades 3 and 4 based on the maximum score observed from all sites and all monitoring conditions (see Figure 3). Several complicating factors are the variation in response among different subjects. As with DCI, some subjects are 
30 aquaCorps Journal 

more susceptible to developing intravascular bubbles than others. Also, individual divers can respond differ­ently to similar dive profiles on different days. Thus it is important that a sufficient number of man-dives be car­ried out on each profile to be tested. 
Personal Proftles Can the Doppler ultrasonic bubble detector be used for personal diving? As described earlier, it cannot be used as a personal decompression monitor to control the rate of decompression. However, there may be a potential for post-dive use. If high bubble levels are detected after a dive, there may be a high risk of DCI, and such dives should be avoided or modified in the future to reduce the risk. With high bubble levels, perhaps some precaution­ary action could be taken, such as breathing surface oxy­gen. The movement condition shows that the number of bubbles can increase temporarily; hence, excessive physi­cal exertion should be avoided for several hours after a stressful dive. With high levels of bubbles, the bubbles can persist for many hours after the dive, so flying after diving should be delayed longer than normal. With high bubble levels, the diver should remain in the vicinity of others and remain alert to the possibility of DCI symp­toms. It is important that signs or symptoms of DCI not be ignored because no bubbles or only a few bubbles were detected. The major problem with the use of Doppler for per­sonal diving is the training required to use the instru­ment correctly and to be able to interpret the Doppler signal to detect and grade bubbles if they exist. It requires a high degree of skill, aptitude and considerable practice working with an expert before any degree of proficiency is acquired. Without this training and skill, there is a great danger of misuse of the instrument and misinter­pretation of the signals. Although considerable research has been conducted into automatic systems for bubble detection and analysis, none have been successful because of the complexity of the Doppler signal. Instruments such as the Farallon MacRecorder for the Apple Macintosh, which allow digitization of the Doppler signal and provide an audible and visual repre­sentation of the signal, may assist in identifying bubbles but are too simple to be used for automatic bubble detec­tion and classification. Bubble identification and classifi­cation are still best done by the human brain. 

Ron Nishi is the Senior Scientist at the experimental Diving Unit of the Defense and Civil Institute of Environmental Medicine (DCIEM) in Ontario, Canada. His work includes research on the detection of bubbles by Doppler and other ultrasonic techniques, dive computing, decompression modeling and table development. He can be contacted at: DCIEM, PO Box 2000, North York, Ontario, M3M 3B9 Canada. Fax#: 416-635-2104. 

Suppliers of doppler ultrasonic 
bubble detectors 

Techno Scientific Inc. 
60 Caster Avenue 
Woodbridge, Ontario Canada L4L 5Y9 

Institute of Applied Physiology and Medicine 
701-16th Avenue

Seattle, Washington, USA 98122

SodelecS.A. 
31 Traverse Prat 
Pointe-Rouge 
13008 Marseille, France 



You don't have to be a professional diver to dive a Viking Pro. One thingfor sure, divers equipped with Pro suits come from all walks, but they have a common denominator - they're serious about diving and demand the higheststandards of durability and performance from their diving gear. Divers using Viking Pro suits include instructors, divemasters, search and rescue teammembers, commercial, wreck, scientific, military, cave, and more. 
Pro suits are manufactured from 1000 g/m2 vulcanized rubber outer surfacewith reinforced material on the lower leg, elbows, crotch and shoulders. The vulcanized rubber construction process eliminates seam leakage, and if punctured, the suit can easily be repaired at the dive site. The suit's smooth outersurface lends itself to cleaning ease, and it also provides excellent protection against biological contamination. The inner layer of polyester tricot makes thesuit easy to don and doff, provides for easy mobility, and readily absorbsperspiration. 
The Pro features hands-free bouyancy control because of the Viking automatic exhaust valve and the suits come complete with hood, hood liner, pro inflator valve and hose, owner's manual, suit storage bag, and a maintenance and repair kit. 
To become a Pro contender contact your nearest authorized Viking dealer orrepresentative or call our toll-free number for assistance. 

TIKING 
Viking Diving Inc. 9043 Dutton Drive Twinsburg, Ohio 44087 Telephone 216/963-0310 FAX 216/963-0316 Toll free 1-800-344-4458

Whether you're preparing for an assault on the 

Ostfriesland, or just diving with the local boys, atten­

tion to detail is critical to your underwater safety and 

performance. 

Equipment checks. Gas volume. Analyzing what can 

go wrong. Planning out every aspect of the operation 

before hand, to make sure you'll have a good time. 

At Key West Diver, we take getting wet seriously­

we train for it. And with over I 5 years of deep diving 

experience behind us, five with special mix, we can 

offer you a depth of training few can match. 

KeyWest 

lachnkal o· -�!'9 
Key West Diver Inc 
MM 4.5, US I, Stock Island 
Key West, FL 33040 
fax: (305) 294-7612 
1-800-873-4837

Ask about our 
110nsite 
Workshops" 

Deep Diving • Enriched Air • Trimix • Specialty Courses 
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Bottom photo by Robert lanello Jim Baden, Scuba Adventures with an AGA mask system. Inset photo: Jim Heggeman, DECA, notice backup mask worn by diver on the right. 

Many people believe that full face masks represent the next evolution in open-circuit diving sys­
tems due to their many safety and peifonnance benefits. Though none of the existing mask and 
block systems are specifically 
designed for technical diving 
applications, for example 
with respect to redundancy 
considerations or gas switch­
ing capability, numerous 

A Close Look at Pull 
Pace Masks 

by Steven M. Barsky

teams are beginning to adapt these systems for extended range diving . Here, fonner commercial 
diver and consultant, Steve Barsky, discusses some of the history, basic functionality and benefits 
of full face masks. 

u 
face masks­
diving masks 
that include a 
breathing sys­
t e m  - h a v e  
b e c o m e  
increas ingly  
popular over 

the past few years with the scientific and 
search and rescue divers and are now 
making inroads in the technical commu­
nity. One of the most important of many 
reasons for wearing a full face mask is that 
it permits communications, because the 
diver does not need to use a mouthpiece. 
Other advantages include protection of 
the face from cold water or air tempera­
tures, protection from biological pollu­
tion, and a decreased risk of drowning 
should the diver pass out underwater. 
Head protectors available for some full 
face masks can help shield the head from 
impact injuries underwater. 

A BRIEF HISTORY 

One of the earliest full face masks in 
this country is the old Desco free flow 
mask that was used by Navy and com­
mercial divers. This very simple mask has 
no regulator-only an "on-off" valve to 
control airflow to the mask. Air just flows 
in and exits through an exhaust valve. 
The mask's triangular shape covers the 
diver's entire face. Communications with 
the Desco mask is poor due to the con­
stant hiss of air entering the mask. 

The people who truly revolutionized 
full face mask design were the team of 
Bev Morgan and Bob Kirby. Morgan was 
a surfer and early scuba diver. He helped 

establish the Los Angeles County 
Underwater Instructor's program, which 
was the first scuba certification agency in 
this country. Morgan went on to become 
a highly successful abalone diver and 
commercial oilfield diver, and worked in 
heavy gear on the west coast of the U.S. 
and in Alaska. 

Bob Kirby was a Navy diver who had 
worked aboard a submarine tender. After 
he left the Navy, Kirby met Bev Morgan 
on a commercial diving job, and the two 
soon found they had common interests. 
They began designing and building heavy 
gear helmets in the slack period between 
diving jobs. Both men also worked to 
develop full face masks. Morgan realized 

masks. Both of these masks had provisions 
to accept a standard scuba regulator, but 
neither had an integral breathing system. 
In addition, neither had provisions for any 
communications. 

In the mid 1980s Bev Morgan began 
developing a lightweight full face mask 
that could be used for both scuba and 
surface supplied diving. His company, 
Diving Systems International, came up 
with a new lightweight mask known as 
the EX0-26®. The design team for the
mask consisted of Morgan, Skip Dunham 
(president of Diving Systems 
International), Pete Ryan, and Tom 
Protheroe. The name "EXO" is derived 
from the exoskeleton that forms the mask 

that a lightweight fiberglass mask would frame and supports the face seal. 
allow a diver more mobility than tradi-
tional heavy gear. Together, the two FULL FACE MASKS TODAY

developed the Kirby-Morgan® Band The two main choices for technical
Mask, which became the world's most divers for full face masks today are the 
popular commercial diving mask. It also AGA and the EX0-26®. Both masks have 
provided the basis for the development of excellent breathing systems, and both 
a diving helmet, the Superlite-17®. provide good communications. Choosing

While Kirby and Morgan worked on between the two is not easy, and you 
commercial designs in the '70s, the should dive with both before you make a 
Swedish company lnterspiro invented a decision as to which one to buy. Every 
l ightweight full face mask. The AGA piece of diving gear has its advantages 
design represented a different approach and disadvantages. When you choose one 
to providing breathing gas in hostile envi- piece of gear over another, you are basi­
ronments. lnterspiro's mask was designed cally deciding which set of compromises 
to work for both firefighting and diving. you can accept. 

During the '50s, the Widolf mask also The common features of all the more 
appeared, with yet another compact sophisticated full face masks, such as the 
design. The Widolf mask was a ruggedly AGA and EXO, include a face seal, a lens, 
built mask, but did not approach the a mask frame, a head harness or "spider," 
comfort of the band mask or the AGA. a regulator and an oral-nasal mask. The 

On the low end, both Cressi Sub and oral-nasal mask covers the mouth and 
U.S. Divers offered simple, rubber full face nose. It provides an acoustical chamber 



for speech and cuts down the dead air 
space in the mask to help prevent CO2
build-up. 

THE AGA MASK 

The AGA mask has many outstand­
ing characteristics. Although the mask 
originally was excessively buoyant, the 
lens was redesigned several years ago to 
help reduce this problem. The AGA fea­
tures a no-return valve in the breathing 
system that helps reduce the possibility of 
inhaling contaminants when diving in 
polluted water. 

Equalizing your ears is easy with the 
AGA due to a simple, yet effective equal­
izing device which consists of a rubber 
pad on a clip. By adjusting the height of 
the pad, it is easy to block your nose by 
sliding the mask upward on your face. 

The AGA's breathing system has 
been designed to defog the mask auto­
matically each time you take a breath. 
When you inhale, the regulator flows the 
gas across the lens to help keep the mask 
clear. The breathing system was a top 
performer during tests at the Navy 
Experimental Diving Unit (NEDU). 

Finally, the AGA has what is known 
as a positive pressure breathing system. 
As long as the mask is sealed against your 
face the AGA functions as a regular 
demand breathing system. However, if 
you break the face seal on the mask, the 
AGA will go into a freeflow mode. If the 
seal is only partially opened, this will help 
to keep the mask from flooding. If the seal 
is completely broken and the mask is 
pulled away from your face, the positive 
pressure system will help you to clear the 
mask very quickly of any water. Clearing 
is almost instantaneous. 

The AGA mask works for both fire­
fighting and diving, but it has certain 
drawbacks from trying to fulfill its dual 
roles. In terms of its overall design, per­
haps the most serious problem is the 
AGA's high internal complexity. The regu­
lator alone consists of 45 separate parts, 
with another 28 parts in the mask and 
oral-nasal mask. The AGA requires eight 
different special tools to service it. The 
AGA is not the type of mask that can be 
readily serviced in remote locations when 
all you have is a butter knife to make 
repairs. 

Diving with the AGA reveals a few 
other drawbacks that some divers will find 
more objectionable than others. First, the 
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head harness, or "spider," is very flimsy. It 
works, but it doesn't have the rugged feel 
you would like it to have if you're deep or 
way back inside a wreck. It would be nice 
if it were two or three times as heavy. 

Secondly, the AGA lacks earphone 
pockets. This is a serious drawback, as one 
of the main advantages to a full face mask 

is that it permits communications. While 
various communications equipment man­
ufacturers have designed methods for 
attaching earphones to the straps on the 
AGA, the arrangements are not as good 

as a set of integrated earphone pockets. 
Finally, the AGA's microphone is posi­

tioned in the very front of the mask, just 
above the regulator. There is nothing 
"wrong" with this location, but it can 
make wire routing for communications 
systems awkward. In addition, if you are 
working in low visibility, and you must 
get close to see what you are working on, 
this arrangement is somewhat vulnerable 
to damage and entanglement. 

THE EXD-28® MASK 

The AGA was built to be a multipur­
pose mask; the EXO was built from the 
bottom up for diving. It has several fea­
tures that are found on no other full face 
mask. 

Unlike the AGA, the EX0-26® has an 
absolute minimum number of parts, 56 to 
be exact, compared to the AGA's 73. The 
EXO regulator has only 36 parts com­
pared to the AGA's 45. Only one special 
tool is required to work on the EXO's reg­
ulator, and standard tools will service the 
rest of the mask. The special regulator 
spanner is a stamped metal tool that is 
included with purchase. 

The EXO regulator has separate 

inhalation and exhaust chambers, with 
the exhaust compartment surrounding 
the inhalation chamber. The large exhaust 
port helps reduce exhalation resistance. 
This design uses your exhaled breath to 
help warm the incoming gas-a real 
advantage if you dive in very cold water. 
It also helps prevent contaminants from 
entering the breathing system and pro­
ducing a spray. The EXO mask did not 
exist when the Navy conducted their reg­
ulator tests in 1985 and 1986. 

Breathing resistance on the EXO can 
be adjusted by the diver at depth with the 
regulator adjustment knob. This system is 
the same one used on both the Kirby­
Morgan® band mask and the Superlite-
1 7® to depths of 1,600 fsw/520 msw. It
also appears on the new Superlite-27®.
To clear a flooded EXO, push the regula­
tor purge button. 

Communications with the EXO are 
very good and especially convenient to 
use. The microphone is part of a special 
modular system that can be replaced very 
rapidly. It is located on the lower right 
side of the mask, behind the regulator 
hose attachment. 

Earphone pockets are built into the 
face seal and provide a reliable carrying 
position for the earphones. It is easy to 
slide the earphone speakers in and out of 
the pockets. 

Heavy duty straps and buckles com­
plete the EXO-26. They have a beefy feel 
to them and don't act like spaghetti when 
you pick the mask up. They provide 
extremely rapid adjustment for the mask, 
both topside and underwater. 

Of course the EXO mask, too, has 
some drawbacks. Generally speaking, its 
automatic defogging system is not quite 
as good as the AGA's. When you inhale 
with the EXO, the gas actually enters the 
mask from the top through a special 
breathing tube that connects to the regu­
lator. The gas then flows down the lens 
for inhalation through the nose and 
mouth. While the theory behind this sys­
tem is good, in actual practice most divers 
find that they will want to carry a tube of 
Prell shampoo with them to soap the 
inside of the lens prior to diving. Just 
apply a tiny dab of Prell and wipe the lens 
with a soft cloth until the shampoo nearly 
disappears. This will keep your lens clear 
while you are underwater. 

A nose pocket on the EXO is sup­
posed to allow you to equalize your ears 

EX0-26® 
Full Face Mask 

Safety, 
Reliability, 

Performance! 
Diving Systems International 
-125 Garden Street
Santa Barbara, CA. 93101
Ph. (805) 965-8538 Fax (805) 966-5761 

I '>'>.2 Di, ing S� ,t�m, lnkrnational .. \II Rights R�sl·n l'cl 

just as you would in an ordinary scuba 
mask. Although this arrangement works 
well in warm water, it doesn't work for 
cold water diving with thick gloves. If 
your diving takes you to colder waters, 
you will need to purchase a special equal­
izing device to help you block your nos­
trils. 

The AGA and the EXO are priced 
within $5 of each other, so the real issue 
comes down to personal preference. Both 
were priced near $700 in 1992. If you 
shop around, you can probably get a 
deal, especially if you buy communica-

tions at the same time that you buy your 
mask. 

Try both masks. Just as no one scuba 
mask will fit everyone, neither the AGA 
nor the EXO is for every diver. You need 
to decide which one you prefer. 

DIVING WITH FULL FACE MASKS 

As with any piece of gear, you should 
get specialized training before you use full 
face masks in an operational situation. 
Initial training should take place either in 
a pool or a confined open water environ­
ment under optimal conditions. 
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Underwater Communications ... 
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 aDivecomm Single Side Band, wireless 
system for your diving needs. 

• SEARCH AND RESCUE
• LAW ENFORCEMENT
• COMMERCIAL DIVING
• MILITARY USE
• RESORT/ECO TOURISM
• VIDEO PRODUCTIONS
• CUSTOM DESIGNS
• ADVANCED DIVING
• YOUR SOURCE

FOR FULL MASKS
Call or write for information: 

PO Box 1143, 835 Sterling Road 
South Lancaster, MA O 1561 

TEL (508) 365-9859 • FAX (508) 368-0542 
1-800-547-3773

The International 
Association ofNitrox 
(& Technical) Divers 
• The first certification pro­gram for breathing gases otherthan air.• Diver and instructor certification in EAN Nitrox;Nitrox Technical Diver, Trimix, Advanced Trimix,Gas Mixing, Mixed Gas Overhead EnvironmentDiving.• International Representation by IAND Australiaand EATD in Europe.
To insure Superior EAN & Mixed Gas Diving Education from the most 

experienced professionals worldwide, call, fax or write today for a listing 
of facilities and instructors near you (international listings available). 

Phone/Fax (305) 7 51-4873 1545 N.E. 104 Street• Miami Shores, FL 33138 
founded 1985 by Dick Rutkowski, pioneer of recreational EAN diving 
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Before using the mask, you should be 
completely familiar with it. In particular, 
you should know how to don and remove 
the mask by yourself, and how to clear 
the mask should it flood. Obviously, it is 
impossible to breathe from a full face 
mask if it is full of water! 

In an out-of-gas emergency, gas shar­
ing with a full face mask is very awkward. 
The moment you remove the mask, you 
are essentially blind. Each time the mask is 
passed from user to user, it must be 
cleared of water, a procedure that 
requires far more air than clearing an 
ordinary scuba regulator. This is not a sat­
isfactory arrangement. Under these cir­
cumstances, it is preferable to have a sep­
arate scuba regulator integrated with your 
system and to carry an ordinary face 
mask. This equipment can also serve as a 
back-up in the event that the full face 
mask fails for any reason. 

If you are diving deep, in an over­
head environment, or doing decompres­
sion diving, you should carry a back-up 
gas supply when using a full face mask. 
The back-up supply should be connected 
to a manifold block, also known as a 
"bail-out block". This block is usually posi­
tioned on the diver's harness, on the right 
side, at chest level.  Diving Systems 
International manufactures a bail-out 
block that can be used for technical scuba 
diving but is more suited to surface sup­
plied diving. 

Figure 1 illustrates a possible arrange­
ment for a bail-out block that might be 
better suited to technical diving. The 
block contains three non-return valves, so 
that should any one of the low pressure 
supply hoses fail, the breathing gas would 
not be lost in the ruptured hose between 
the first and second stage. There are three 
on-and-off valves in this block, and all are 
shape and color coded. The valves should 
have some sort of positive "locking" sys-
tern to ensure that they won't be acciden­
tally opened. The first valve is for the 
main supply, the second valve is for a sec­
ond gas mix, and the third valve is for the 
bail out. There are enough ports to 
accommodate a dry suit, a full face mask, 
and a back-up regulator. Of course, some 
divers may prefer to use an independent 
suit inflation or argon system with their 
dry suit. 

As an additional back-up, you can 
also install a quick-disconnect fitting 

continued on page14 

Five years ago, SOS Limited of London, set 
about to develop a radically new type of 
recompression chamber designed to 
address the problem of emergency field 
treatment for divers suffering from acute 
decompression illness. Today it is well 
known that if the diver can be put back 
under pressure immediately without delay, 
then the chances of residual injury are neg­
ligible. Failing that, the chances of perma-

Having a chamber on site 
has simply not been 
•easible in most cases.
though its value would be
hard to dispute given the
kind o• demanding diving
that is often conducted
by these groups.

nent brain or spinal cord damage escalate 
with the time to treatment. Though in­
water oxygen therapy has been used with 
success, in the absence of a accessible 
chamber, putting a stricken diver back in 
the water is rarely desirable if there are 
other alternatives. 

Though an on site chamber is a require­
ment for most commercial and military div­
ing operations, this is not the case in sport 
and scientific diving. Having a chamber on 
site has simply not been feasible in most 
cases, though its value would be hard to 
dispute given the kind of demanding diving 
that is often conducted by these groups. 

What SOS has tried to do with the develop­
ment of the Hyperlite chamber is to pro­
duce a low cost, very lightweight "trans­
port" chamber, that is easy to use and can 
be set up in less than five minutes. In the 
event of a DCI incident, the diver in ques-

SOS Ltd.'s Hyperlite Portable Chamber 

tion can be immediately pressurized up to Comparison to traditional 
60 fsw (2.8 atm) and oxygen therapy mono-place chambePS 
begun, while transportation to a hyperbaric To appreciate some of the unique features 
facility is arranged. The entire chamber of the Hyperlite it is useful to review some 
along with an attendant can then be trans- of the background and characteristics of 
ported by helicopter, boat or car to the traditional mono-place (one person) cham-
appropriate treatment center. bers, which it was designed to replace. 

Note that the Hyperlite should not be con- Mono-place chambers, sometimes referred 
sidered a treatment chamber. Therapies to as "iron coffins," are manufactured by 

�R&fwYl.\t 
TECHNOLOGY 

can of course be conducted in it, especially 
when it is used in remote places, where 
transfer to a therapy chamber is logistically 
or geographically impossible. However, it is 
designed primarily as a transport chamber, 
or hyperbaric stretcher if you will, a first aid 
device for divers at a time when every 
minute counts. 

Figure 1 

Traditional Steel Monoplace Chamber 
Photo: Bret Gilliam 

by John Selby 

rolling and welding aluminum or steel sheet 
which produces a good leakproof pressure 
retaining shell. The problem is that such 
chambers are bulky, heavy, expensive and 
cannot be easily transported, or stored 
when not in use. Most are very dark inside 
having a very small six inch window (hence 
the name "iron coffin") for the patient to 
see out, which often res�lts in claustropho­
bia and sometimes panic in the patient. See 
Figure 1. 

Typically these chambers are equipped with 
some form of lock-on device so that they 
can be coupled to a therapy chamber with 
a compatible flange. The problem is that 
there are so many different types and sizes 
of flanges that mating to a therapy chamber 
is often more a matter of luck than of 
design. Ugly problems can occur if this 
transfer, for whatever reason, can not take 
place. 
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THEY'RE HERE ! 
The Tanks And Valves You 
Asked For Are Finally Here ! 

OMS 121 
The OMS 121 Tank holds 
a true 121 cu.ft. at a low 
working pressure of 2,640. 

Avoid high pressure stress 
on your hoses , regulators 
and seals. 

Plus! Get complete fills 
even with a lower pressure 
boat or land compressor! 

OCEAN MANAGEMENT SYSTEMS INC. 
P.O. Box 146, Montgomery NY 12549 (914) 457-1617 

When using a monoplace chamber, the The Hyperlite chamber differs from metal 
patient breathes the chamber gas, usually mono-place chambers in several important 
air for treatments to 165 fsw (6 atm), or ways. First of all, the Hyperlite uses modern 
oxygen (2.8 atm) which results in a build- Kevlar-based composites to replace heavy 
up of carbon dioxide (and/or oxygen). This steel or aluminum. Like a car tire, the cham­
means that the chamber has to be regularly ber tube is totally rigid under pressure, but 
flushed which consumes considerable when it is deflated it can be folded into a 
amounts of gas. Alternatively, if there is a box one quarter of its length long. Each 
CO2 scrubber, heavy batteries are needed end of the chamber is enclosed by a full 
in the absence of main power. Th_ough a diameter acrylic _wlndow,_ which gives the 
Built-In-Breathing System (BIBS) is available patient a wide outside view and the med­
for mono-place chambers, they are not the ical attendent a clear view of the patient. 
norm. In addition, the Hyperlite utilizes a BIBS sys-
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tern to overcome the problems of CO2 and 
02 build-up. 

As a result of its construction, the Hyperlite 
can be folded and stored in two small car­
rying cases and transported out to the dive 
site. Once pressurized, with a patient inside, 
the chamber can easily be carried by a 
maximum of four people to suitable trans­
portation, and the entire unit with the 
operator can be evacuated to the nearest 
therapeutic multi-place chamber. At the 
facility, immediate transfer under pressure is 
essential so that the patient can be treated 
without delay by qualified personnel. For 
that reason, the Hyperlite is designed to 
pass directly through the door of most 
chambers without the need for a flange. 
Therapy chambers usually have a minimum 
door size of 24 in., while the Hyperlite has 
an outside diameter of 23.5 in. Once inside, 
the therapy chamber can be pressurized 
and the patient can be transferred out of 
the unit. 

Tl'tHlt111ent depth 
As an emergency transport chamber, the 
Hyperlite is designed to provide oxygen 
therapy at working pressure of up to 60 fsw 
(2.8 atm), suitable for a USN Table 5 or 6. 
Though air treatments to 6 atm (165 fsw), 
for example the USN Table 6a, are still used 
in the case of barotrauma and what used to 
be referred to as "Type II" decompression 
sickness, increasingly, the primary treat­
ment for most cases of DCI is pressurization 
to 2.8 atm (60 fsw). This is a considerable 
advantage with respect to the Hyperlite, in 
the case that the patient loses conscious­
ness, stops breathing, or becomes incapaci­
tated in some other way as discussed 
below. 

Removal oF a patient 
under pre■■ure 
At pressures greater than about 2.8 atm (60 
fsw), the immediate removal of a patient 
from a mono-place chamber is very much a 
last resort situation. At these pressures the 
patient will have been on air or nitrox. To 
reduce pressure to atmospheric quickly will 
almost certainly result in further decom­
pression problems. In extreme cases this 
has resulted in a fatality. That is another 
reason why the 6 atm (165 fsw) one-man 
chambers were called coffins. 

Because the Hyperlite chamber only oper­
ates at pressures of up to 2.8 atm (60 fsw ) 

using oxygen, treatment will have been ini­
tiated as soon as pressure is applied. In the 
event that the removal of the patient 
becomes necessary, this can be accom­
plished by returning the chamber to surface 
pressure at the normal ascent rate of 60 
fpm. Thus the elapsed time until a patient 
can be removed from the chamber is less 
than 90 seconds. Provided that the patient 
has been under pressure on oxygen, nitro­
gen levels should be greatly reduced and 
the chances of reoccurrence of DCI should 
be lower. 

constl'Uetion and opel'Gtion 
Having established the reasons for develop­
ing the Hyperlite chamber and some of its 
principal features, it may be useful to dis­
cuss its construction and how the unit is 
operated. 

The tube shaped body of the chamber is 
made from a composite of Dupont Kevlar 
49 fibers, filament wound in a matrix of sili­
cone rubber. Kevlar, which is used in bullet 
proof vests, was chosen for its strength and 
the fact that it does not stretch under load. 
Silicone rubber is very flexible, inert, has 
low fire, smoke and toxicity properties, 
resists ultraviolet light and is easy to clean. 
Neither material suffers from degradation 
during storage over long periods of time. 

The tube incorporates identical seals at 
each end. The two full diameter acrylic win­
dows are inserted by deforming the flexible 
tube ends just enough to allow the win­
dows to go in at right angles to their final 
position without touching the ends of the 
tube. One of the windows incorporates the 
necessary penetrations for the various sup­
plies to the chamber, while a medical lock 
can be installed in the other, if required, so 
that food, drink and medication can be 
passed to the patient. 

Sealing the chamber on initial pressuriza­
tion is accomplished by turning on the air 
supply while pulling the two end windows 
away from each other. This is easily accom­
plished. Once the initial seal has been 
achieved, no further pulling is necessary as 
the higher the pressure, the tighter the 
seals become. 

The only remaining piece of equipment is a 
control box that is very simple to operate. It 
has only three main control valves, a gauge 
to read chamber pressure, and incorporates 
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Divers, Inc. 
(516) 546-2026
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In 1993 

Be in the Right Editorial, 
Reading, and Selling Climate 

with Sea Technology's 1993 Editorial Highlights 
total ocean market coverage 
and comprehensive editorial including 
these regular columns every month: 

Environmental Monitoring 
Meetings 
Marine Electronics 
Offshore Resources & Engineering 
Ocean Business 
Capital Report 
Navy Currents 

U.S. Research Vessels 
Activities/Book Review 

Contracts 
Product Development 
People 
Ocean Research 
Soapbox 

• The only magazine exposure that addresses 
the Iola/ field .. . including undersea defense and 
offshore oil. 
• A magazine recognized by tens of thousands 
as the authority for design, engineering and 
application of equipment and services for govern­
ment and industry. 

And most of all .. .it sells! 

SEA lECHNOWGY f Compass Publications, Inc. 
1117 N. 19th Street 
Arlington, Virginia 22209 
(703) 524-3136 
FAX: (703) 841-0852 

JANUARY 

FEBRUARY 

MARCH 

APRIL 

AUGUST 

SEPTEMBER 

OCTOBER 

NOVEMBER 

DECEMBER 

Annual Review and Forecast 

lnstrumen!at1on• Meilsurernenl. 
Processing. and Analysis 

"tnn Mard1me Deiense 93 
(IMDEX). Brigh1on. England 

Na11igat1on and Posi!1on1ng 
Dredging Ports & Harbors 

Offshore Technology 
"OTC 93. Houston. TX 

Marine Cornmun1cat1ons 
Surveillance 

Seafloor Mapping Charting 
& Vessels 

Deck Gear Cable Connectors. 
ilnd Power Systems 

Ocean Resources 
·MTS ·93_ Lo11q Be:1cl1 CA 
"Offshore Europe 93 
Aberdeen. Scotland 

Geophysical E)(plora!1on & 
Coastal Zone Development 

*SEG 93. Washington. DC 
*Oceans 93. V1ctor1i1. B C

Environmental Moniloring. 
Remote Sensing and 
Pollution Control 

Undersea Defense 
Antisubmarine Warfare 

DP,ing. Submersibles 
and ROVs AUVs 

*ADC ROV 94 
Plus annual author sub1ect inde)( 

*Editorial preview & extra show distribution. 

ADVERTISING CLOSES ON THE 15TH OF THE 
MONTH PRECEDING INSERTION. 

Editorial Contact: David M. Graham 
Advertising Contact: C. Amos Bussmann 

Decompression Consulting and Tables: Air, air with oxygen, enriched air, trimix, heliox, repetitive and altitude dives 
Special Mix Training 
Technical Equipment Integration 

John Crea PO Box 1906 Bainbridge, GA 31717 p/f: 912-246-9349 
R E S E A R C H L T D 

"Tables in use for over five years" 
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a full intercom system to allow two way 
communication. 

The unit has two connectors, one for oxy­
gen and air supplies, and a set of connec­
tors for the umbilical that connects the con­
trol box to the chamber. All connectors 
have built-in non-return valves so that if 
they are disconnected for any reason, no 
pressure losses occur. The patient inside the 
chamber breathes through a BIBS mask 
which supplies oxygen or air on demand. 
Note that most protocols require the 
patient to breathe oxygen for twenty min­
utes followed by a five minute air break. 

Chamber pressure is supplied by a scuba 
cylinder and requires approximately one 
half of a standard cylinder (about 40-50 d.) 
to achieve maximum operating pressure. 
Breathing air for the air cycles during thera­
py uses the same air source. An additional 
filtration system is available on the air sup­
ply line to protect the oxygen BIBS system 
from contamination. 

To complete the package, the entire cham­
ber folds away into a custom built light­
weight sealed case. It is so small in fact that 
the chamber can be checked in as personal 
baggage at the airport, usually without 
excess fares being charged. 

Testing and certif:ication 
The Hyperlite chamber has been subjected 
to very extensive testing and certification 
procedures. The initial prototypes were sub­
j ected to pressure and cycle testing. 
Although it  is  very unlikely that the cham­
ber would be used daily, a unit was subject­
ed to over 16,000 cycles from zero to a 
maximum pressure of 70 fsw (3.1 atm) 
over a ten day period. This is equivalent to 
four treatments a day for a period of ten 
years. No damage to the seals was detect­
ed. The chamber was also subjected to low 
temperature operation to insure that the 
flexibility of the composite did not restrict 
the setting up and pressurizing of the 
equipment. 

More recently at the request of the ASME 
Pressure Vessels for Human Occupancy 
(PVHO) committee, a burst test was con­
ducted on a production unit. The chamber 
started to break down and lose pressure at 
426.5 fsw (13.9 atm), or 6.2 times the
maximum working pressure of the cham­
ber (70 fsw). Metal chambers simply do not

II 

have that safety margin. These tests were 
followed by drop tests with sand bags to 
simulate the weight of a patient. The cham­
ber was dropped at a 45° angle through a 
distance of 3 feet on a rough concrete sur­
face without damage. 

Eventually, like its com­
mercial diving counter­
part, "ha11ing a ehantber on 
si�e" may become a "con­
sensus standard" in the 
technical community. 
Given the level oF diving 
that is likely to be con­
ducted in the Future, the 
question will become," 
Can you aFFord not to 
have one?" 

The Hyperlite is currently certified by 
Lloyd's register and has clearance for sale in 
the U.S. by the FDA. No additional 
approvals are required by law, even though 
the chamber is still undergoing ASME 
PVHO approval, a lengthy exercise, as the 
code relates to fixed hospital chambers 
made of weldable materials. 

The Future OF portable 
chambers 
Priced at around $30,000 U.S., the 
Hyperlite chamber represents a significant 
cost reduction over steel or aluminum 
mono-place chambers which run in the 
neighborhood of $125,000 U.S. plus. 
Nevertheless, this cost is still high in terms of 
widespread use among technical divers. 
With acceptance by insurance carriers, 
entrepreneurial leasing and service 
providers, and with volume, the price of 
having a portable chamber on site is likely 
to fall putting it within the reach of dive 
operators, resorts and clubs. Eventually, like 
its commercial diving counterpart, "having a 
chamber on site" may become a "consen­
sus standard" in the technical community. 
Given the level of diving that is likely to be 
conducted in the future, the question will 
become," Can you afford not to have one?" 

A chartered engineer, John Selby is the 
founder and Managing Director of SOS Ltd. 
which manufactures and distributes equip­
ment designed to improve diving s afety. 
Selby can be contacted at: SOS Ltd., Po Box 
328, London NW7 3/5, Eng land. Fax: 
44(81)959-7971. 

If You're Serious About 
Technical Diving, 
You Need These Books 
MIXED GAS D1v1NG: The first book of its kind to be offered 
outside the military/commercial community It is a col­
laborative work by some of the industry's most experi­
enced experts in this field including Tom Mount, Bret 
Gilliam, John Crea, Randy Bohrer, Richard Nordstrom, 
Dr. Lee Somers and Dr. Harris Taylor. 
Twenty one chapters, 400 pages $30.00 

DEEP DIVING: The best selling book that tells you straight 
about the operational facts of deep air diving from per­
sonal experiences and detailed development of technical 
material. If your diving takes you below 130 fsw, the 
text is a must read. Primarily written by Bret Gilliam, 
world record deep diver, and John Crea, one of the US's 
foremost experts in decompression tables. 13 Chapters, 
260 pages $22.00 

All prices include air mail postage in the U.S. and are signed by the au thor . Shipping same day. International orders add $15.00 for excess postage, handling and customs. Send check or money order (no credit cards) to: 
Bret Gilliam, Ocean Tech, HC 33, #7 Stone Tree Road, 
Arrowsic Island, Bath, ME 04503-9401 (207) 442-0998 

�

Qi 
0CEANTECH 

Whether you dive 
In a cave, on a boat, 
on a deep reef or 
a deep wreck, the 
Sub Aqua Journal 
arrives In your 
hands every month. 

Everythlngyou need 
to know abouts
Atlantic Wrecks 
Boat Schedules Safety Issues
Diver's Rights News Events 
Local Heroes, Equipment & More !

Twelve Issues - $21.95 - Every Month 

750 West Broadway, Long Beach, NY 11561 (516)889-1208 
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March 19-21, 1993 
DIVE • TRAVEL & 

WATERSPORTS SHOW 
Radisson Centre 

777 NW 72nd Ave• Miami 
Off State Road 836 • Free Parking 
Everything for the Ocean Lover! 

Hundreds of Displays- In A/C Comfort • Tropical Travel Destinations­
Worldwide • Nautical Gifts: Art Jewelry, Clothing • SCUBA & Snorkeling­
Order equipment • See Manufacturers-Latest Gear • SCUBA Intro- In The 
Hotel Pool • Boating Accessories-For safety & Fun • Sharks-Shark Related 
Displays • Seminars & Workshops-Free & Paid • Door Prizes-Daily & Grand 
prize • Mini Theaters-Free Audio Visual Delights 

Exhibitors! Act Now To Reserve Space 
Established Show - 7th Annual • Reach 8000-10,000 Qualified Buyers in 3 Days 

• Take orders for SCUBA Life Support equipment • Increase Your Sales • Book
Travel Packages• Book Liveaboard Trips• Enroll New Students

Show hours: Fri 6- lOpm, SAT l0am-7pm, SUN l lam-5:30pm 
Show Gate Admission; Adults $7.00, Kids Under 12 Free 

INFO: 2233 Keystone Blvd, North Miami, FL. 33181 
(305)891-6095 • Fax: (305)893-3486

(I) TRIDENT MINIATURES

is proud to have designed and sculpted the tek.93 
presentation award 

001rJHIJE 1rJEKJK]IJEOO 

and announce the 

TRIDENTech! Collection 
of fine collectible sculptures. Bringing together for the first time the 
mosi demanding, dynamic and detailed sculptures from the studios of 
Trident Miniatures and Sea Sculptures, the artist, Augie Rodriguez, 
proudly offers this collection to the professional. military, rescue, 
scientific and technical sport diving communities. 

Agustin J. Rodriguez 
TRIDENT MINIATURES 
PO BOX 567 
STONE MOUNTAIN, GA 30086 
(404) 469-5339 / 5324 (fax)
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Dela/, 
FFM-1: 
SAR DIVER 
$145.00 ppd 

continued from page 8 

between your primary first stage and your 
full face mask and between your back-up 
regulator and first stage. If your diving part­
ner's gear is set up the same way, in the 
event of a primary first stage failure, you 
could, theoretically, disconnect your mask 
from your primary and connect to your 
partner's secondary mix or bail-out. 

Prior to diving with the mask in open water, 
you should give some thought to the type of 
diving that you do and how you will use the 
mask. If your diving normally requires surface 
swims where you use a snorkel, realize that 
you will not be able to do this. You will want 
to remove the full face mask during surface 
swims to conserve your air. As an alternative 
you can always remove the full face mask to 
swim on your back on the surface. 

Keep in mind that most of the more sophisti­
cated full face masks, like the AGA or EXO, can 
be used with a surface supplied diving system. 
There are several lightweight , relatively inex­
pensive surface supplied systems available 
today. Surface supplied diving is much safer 
than scuba diving in many situations. 

Once you have learned how to use the full 
face mask properly and have gained some 
experience diving with it, you will find that 
you don't have to make any radical changes 
in your diving techniques. Keep in mind, 
however, that most divers find that their gas 
consumption with a full face mask is slightly 
higher, particularly if they are using it with a 
communications system. 

Several wireless communications systems are 
available, and most will work with any full 
face mask. A wireless system wil l  help 
increase your safety, allowing you to commu­
nicate with other wireless-equipped divers as 
well as with those topside, if your dive boat 
carries a topside unit. Providing facilities for 
communications is one of the primary bene­
fits of using a full face mask, so you're missing 
one of the major advantages if you don't 
include this as part of your system. 

Making the switch 
If you're diving under demanding condi­
tions, you should definitely consider a full 
face mask. Commercial divers wouldn't con­
sider diving with anything less. For technical 
divers, the full face mask can increase your 
safety, productivity and fun. Just be sure you 
get the proper training from a professional 

instructor, so you understand the mask and 
know how to use it properly. 

Steve Barsky is the founder and principal of 
Marine Marketing and Consulting, a market­
ing firm serving both the commercial and sport 
diving industries. A former commercial diver 
and author, Barsky has published several 
books on diving technology, while his articles 
have appeared in a variety of publications. He 
can be contacted at: Marine Marketing and 
Consulting, 1628 Hillside Rd., Santa Barbara, 
CA 93101. Fax: 805-682-1956. 

A Word on Wireless Communications 
Today's wireless systems are more reli­

able and offer better performance than the 
systems that existed just a few years ago. 
Single sideband is the main technology 
employed by all the current manufacturers, 
and the communications are very good. 

Basic components of an electronic 
underwater communications system include 
some type of full face mask equipped with 
an oral-nasal cavity and electronics. The 
electronics are carried in a waterproof hous­
ing, normally about the size of a box of 
band-aids. There are connections for the 
microphone and earphones. 

In selecting an electronics package, there 
are many features to consider. If at all possi­
ble, try the system out in the type of environ­
ment you will be diving in on a regular basis. 

Set up the wireless unit , ensuring that 
it has a good attachment point and that 
wires are routed to avoid snags. Excess 
lengths of wire should be bundled together. 
Never attach the electronics box to your 
weight belt. If you need to ditch your belt, 
and the electronics are attached to it, you 
could find yourself in a dangerous position. 
The transducer/receiver should be mounted 
where it is not covered by other equipment. 

Some systems are equipped with "lol­
lipop" style earphones/speakers, designed to 
be worn under or over a diving hood. Never 
place these speakers directly over the ear 
opening, but instead, in front of or behind 
the ear. Placing the speakers directly over 
the ear opening could result in an ear 
squeeze. 

When using wireless, it is important to 
speak slowly and distinctly in a normal tone 
of voice. It should not be necessary to shout 
while communicating. When you are send­
ing or receiving a signal you should mini­
mize your exhalation, but never hold your 
breath. 

For 15 years, the world leader 
in water rescue and recovery training! 

Dive Rescue 1 • Dive Rescue 2 • Dive Rescue 1 Trainer 
Public Safety Scuba Instructor • Med Dive 

Ice Rescue • Ice Rescue Trainer • Ice Diving Operations 
River Rescue • River Diving 

Sonar Technology • Diving the Polluted Environment 
Underwater Investigator • Underwater Accident/Crime Scene Photography 

Dive Tech • Light Salvage and Recovery 
Basic Water Rescue and Survival 

For information on classes and specialized equipment call 

1-800-248-DIVE (3483)
Dive Rescue lnc.llnternatlonal • 201 N. Link Ln., Ft. Col/Ins, CO 80524-2712 

(303) 482-0887 e FAX (303) 482-0893 

Boston sea Rove•s 
59th Annual 

Unde•wate• Clinic 
Workshops • Exhibits • 

Evening Film Extravaganza 
Ma•ch & &7th, 1995, 
Copley Plaza Hotel, Boston, MA 

(&17)878-8710 
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ACOUSTIC LOCATING & NAVIGATION 
SYSTEMS 

Dl1lt1I Div■ RIHll'CII CDl'II, 
PO Box 30070, Santa Barbara, CA 93130 
Contact: Abe Schyrer 
p: (805)568-3647 I: (805)962-6033 
Digital compass 

At lllt I 111111111 CD■p111; tlll lll'lt DI ltl klnlll. 
0111111 Div■ Rlllll'Ch IIHURCII tlll 1111111 Dlgltll 
c,■11111- I 11v111tl1111 1111v■ Cl■IIIII bllllll H 
1111111 ltltl 111111111 tlCIIHIIIY, 
Call tDIIIIY IDI' IIIDl'■ltlan. 

RJE lnt1r111tlan11 l■c. 
54148 Walnut St Ste 403, Irvine, CA 92714 
Contact: Robert Jechart 
p: (714)786-5853 I: (714)786-1620 
Acoustical locating equipment 

IIHl'IIIYII Ltlll. 
Station Approach Fleet, Hanis GU13 BQY, U.K. 
Contact: Peter Holt 
p: 44(252)624-955 I: 44(252)628-008 
Acoustical locating equipment 

CAVE DIVING TRAINING & 
CERTIFICATION 

c,■■1111,n Prav■nc, DI Pl1n111 IHtll'l'IIH 
(CRPI) 
125 rue Jaubert, 13005 Marseille, France 
Contact: Claude Touloumdjian 

NltlDHI A111cl1tlan FOi' CIVI Diving 
Po Box 14492, Gainesville, FL. 32604 
p: (904)877-8196 

N1tla111I lp1l11l11lc1l locl1ty-C1v■ Diving l■ctlan 
(Nll·CDI) 
PO Box 950, Branford, FL. 32208 

CLOSED CIRCUIT SYSTEMS 

C1r■1ll11 Rlllll'Ch Ltlll. 
11 Hillside Close, Ellington, Huntingdon, 
CAMBS. PE18 OAR, England 
Contact: Stuart Clough 
p/I: 44( 480)890-946 

Cll·LURII' DIVIIIP■llt lllllll'ltDl'III 
1 Ridgeway Dr., Chadds Ford, PA 19317 
Contact: Richard Nordstrom 
p; (215)388-2739 I: (215)388-2813 

CLOSED CIRCUIT SYSTEMS 

N1tl1111I 01'11111' 
101 Technology Dr., Pittsburgh, PA. 15275 
Contact: Russ Orlowski 
p: (412)788-5688 1:(412)787-2207 
Oxygen and mix closed circuit systems 
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Dr111rw1rk AG 
Aul dem Baggersand 17, 0-2400 Lubeck-Travemunde 1 
Germany 
p: 49(4502)8353 I: 49(4502)8383 
Oxygen and mix closed circuit systems 

CYLINDERS & VALVES 

Dalphln Cyllnd1r1 Inc. 
946 Calle Amanecer Suite G, San Clemente, CA. 92672 
Contact: Tom Ivey 
p: (800)421-2960 f: (714)361-0702 
Oxygen cleaned cylinders and valves 

Dc11n ., ..... MIHll■Ht 
PO Box 146: Montgomery, NY 12549 
Contact: John Griffiths 
p/f: (914)457-1617 
Large capacity cylinders and modular valves 

ltructUl'II CO■IIDlltll lndu1trl11 
325 Enterprise PL, Pomona, CA 91768 
Contact: Steven Anthony 
p: (714)594-7777 f: (714)594-3939 
Composite cylinders 

ORCA Division DI EIT 
PO Box 1337, Sterling, VA 22170 
Contact: Phillip May 
p: 703-4 78-0333 I: 703-4 78-0815 
EAN compatible dive computer 

lub■1rln1r R1111rcll Ltd. 
Po Box 1906, Bainbridge, GA. 31717 
Contact: John Crea 
p/f: (912)246-9349 
Decompression consulting, special tables, specialty hardware 

Unlv■r11I Div■ T1chtronlc1 Inc 
PO Box 157, Stn E, Toronto, Ont M6H 4E2 
Contact: Gain Wong 
p/I: ( 416)534-2527 
Markets DCIEM Tables 

Und1rw1t1r A111111c1tlon1 Cor11ontlon 
427-3 Amhearst St Suite 345, Nashua, NH 03063
Contact: Randy Bohrer
p/f: (508)433-6586
Decompression consulting, specialty hardware, special
tables.

DIVER PROPULSION VEHICLES (DPVS) 
DECOMPRESSION MANAGEMENT TOOLS Aquatic En11n11rln1 

& SERVICES p: (800)743-DIVE Farallon DPV Service Center 

AIIUlll'DnlCI 
Unit C11, Acre Business Park, 
Reading, Berkshire RG2 OBA, U.K. 
Contact: Kevin Gurr 
p/I: 44 (365) 869-185 
Desktop decompression software 

Cyb■rtranlx 
3435 Redbud Dr., Knoxville, TN 37920 
Contact: Corey Berggren 
p: (615)579-2434 
Desktop decompression software 

Div■ Rite Mira. Inc. 
Rt 14, Box 136, Lake City, FL. 32055 
Contact: Lamar Hires 
p: (904)752-1087 I: (904)755-0613 
EAN compatible dive computer and EAN tables. 

lll■ck EXIIY 
Rt 8, Box 37 4, Live Oak, FL 32060 
p: (904)362-7589 
Desktop decompression software 

Hl■llton RIHll'Ch Ltd. 
80 Grove St, Tarrytown, NY 10591 
Contact: Dr. RW Bill Hamilton 
p: (914)631-9194 f: 914-631-6134 
Decompression consulting, special tables 

lll■Guard ly1t1■1 
PO Box 548, Hurley, NY 12443 
Contact: Butch Hendricks Jr. 
p/I: (914)331-3383 
Distributes DCIEM Air, EAN & Heliox Tables 

A11u1z11111 
Steiner Strasse, 20A *000 Munchen 7 
Republic of Germany p: 49(89)723-1188 

U.I. DEALER:
ll■y W11t Diver Inc
MM 4.5, US #1, SJ, Key West, FL. 33040
p; (305)294-7177 f: (305)294-7612

l11hor11 T1chnlc11 ly1t1■1 Inc 
p: (305)486-6386 Tekna & Farallon scooter repair 

lub■aralbll ly1t1■1 TIChHIDIY 
3825 Investment Lane #8-1, Riveria Beach, FL 33404 
Contact: Mike Stahle 
p: (407)863-6001 I: (407)863-6002 
Specialty DPVs 

DIVING SYSTEMS 

Div■ Rltl Mlrg. Inc. 
Rt 14, Box 136, Lake City, FL. 32055 
Contact: Lamar Hires 
p: (904)752-1087 f: (904)755-0613 
Harness & mounting, valves, lighting systems, computer, reels 

lub■1rln1r Conault1nt1 Ltd. 
Softech House, Osborn Mews, Windsor, SL4 3DE, U.K. 
p: 44(753)841-686 f: 44(753)831-640 
Dive Rite Mfrg. and other specialty diving equipment 

DECA 
333 E. Haley St, Santa barbara, CA 93101 
Contact: Jim Hegeman 
p: (805)564-1923 I: (805)962-3120 
Surface supplied systems 

Diving Unll11lted lnt1rn1tlon11 
1148 Delevan Dr., San Diego, CA 92102 
Contact: Jay Jeffries 
p: (800)325-8439 f: (619)237-0378 
Thermal protection systems, argon suit inflation systems 
11 Europe: 
Unit 7, Wellshead Crescent, Wellsheads Industrial Estate 
Dyce, Aberdeen AB2 OGA 
p: 44(224)724-093. f: 44(224)725-335 

M1r-v11 u111erw1ter E11•l••••t 
Box 654 Camden, NJ 08101 
Contact: Harry Dare 
p: (609)962-8719 f: (609)962-9084 
Commercial, sport and specialty diving equipment 

Viking DIVl■g Sy1te■1 
9043 Dutton Dr., Twinsburg, OH 44087 
Contact: Joe Schelorke 
p: 1-800-344-4458 f: (216)963-0316 
Thermal protection systems 

FULL FACE MASKS & COMMUNICATIONS 
SYSTEMS 

DECA 
333 E. Halet St., Santa Barbara, CA 93101 
Contact: Jim Hegeman 
p: (805)564-1923 
Distributes OSI equipment 

DlveCo■■ 
Po Box 1143, So. Lancaster, MA 01561 
Contact: Kenneth Hallam 
p: (508)365-9859 f: (508)368-0542 
Wireless communications systems 

Dive Rescue 
2619 Canton Ct., Ft. Collins, CO. 80525 
Contact: Steve Linton 
p: (303)482-0887 f: (303)482-0893 
Full face masks, comm systems and training. 

Diving Sy1t1■1 lnternatlon■I 
425 Garden St., Santa Barbara, CA 93101 
�ontact: Skip Dunham 
p: (805)965-8538 f: (805)966-5761 
Full face mask, blocks and helmet systems 

Gr111by Dy111■lc1 
459 Park Avenue 
Bushey Herts WO 22BW, U.K. 
Contact: Ravi Mawkin 
p: 44(923)228-566 f: 44(923)240-285 
Wireless communication systems 

Hlgll Teel! Diving IRII 111ety 
182 Purdy Dr., Punta Gorda, FL 33980 
Contact: Rich Zahorniak 
p: (813)624-4359 
FFM and comm equipment and training. 

Ocean Tecllnolon Sy1te■1 
2950 Airway Ave 0-3 
Costa Mesa, CA 92626 
Contact: Mike Pellisier 
p:(714)754-7848 f: (714)966-1639 
Wireless communications systems 

Orc1tron Manul1cturlng 
10186 North Bend St. 
Coquitlam, B.C. V3K 6H1 
(604)941-7909
Wireless communications systems

Viking Diving Sy1te111 
9043 Dutton Dr., Twinsburg, OH 44087 
Contact: Joe Schelorke 
p: 1-800-344-4458 f: (216)963-0316 
Distributes the lnterspiro AGA mask 

LIGHTING SYSTEMS 

A■1rlc1n Und1rw1t1r Llglltlng 
7825 Jackson River Rd. 
Leesburg, FL. 34788 
Contact: Arnold Jackson 
p: (904)669-LITE f: (904)669-1256 
Underwater lighting systems 

Dive Rite Mlrg. Inc. 
Rt 14, Box 136, Lake City, FL. 32055 
Contact: Lamar Hires 
p: (904)752-1087 f: (904)755-0613 
Underwater lighting systems 

Llgllt • Metlon 
32 Cannery Row, Monterey, CA 93940 
Contact: Michael Topolovac 
p: (408)375-1525 f: (408)375-2517 
Underwater lighting systems 

MIX TRAINING & CERTIFICATION (SEE FACILITIES & INSTRUCTOR LISTINGS 
PG.20-) 

A■1rlc1n Nltrox Divers Inc. 
74 Woodcleft Ave, Freeport, NY 11520 
Contact: Doug Petit 
p: (516)546-2030 f: (516)546-6010 
EAN blender, instructor and user training 

Sull■■rlner ConsultHtl Ltd. 
Softech House, Osborn Mews, Windsor 
SL4 3DE, U.K. 
Contact: Simon Moores 
p: 44(753)841-686 f: 44(753)831-640 
EAN dealer and user training programs 

European AIIDClltlon DI TICIIIICII Divers 
8 Kellaway Ave., Redland, Bristol 
Avon BS6 7XR 
Contact: Rob Palmer 
p:44(272)420-359 f: 44(272)245-009 
EAN instructor & user programs 

lntern1tlonal AIIDClltlon DI Nltrox Divers 
1545 NE 104th St. 
Miami Shores, FL. 33138 
Contact: Tom Mount 
p/f: (305)751-4873 
EAN and trim ix instructor and user training. 

lnternatlDIIII AIIDClltlon DI Nltrox D1ver1-Au1tr1111 
255 Stanmore Rd. 
Stanmore, NSW 2066, Australia 
Contact: Rob Cason 
61 (2)569-5588 I 61 (2)560-3872 
EAN and trim ix user training 

MIXING SYSTEMS & SET-UP 

Hllkll Inc 
100 East Graham Pl., Burbank, CA 91502 
Contact: Will Bixby 
p: (818)843-4000 I: (818)841-4291 
Booster pumps 

HIM TecllHIDIY 
Unit 3 Beaumont Ct., Prince William Rd. 
Belton Parl IND EST, Loughborough 
LEICS LE11 ODA 
Contact: Ian Middlebrook 
p 44(509)211233 f: 44(509)269061 
Consulting, oil free compressors, mix diving systems 

IIC MIRlll■Ht 
7 4 Woodcleft Ave, Freeport, NY 11520 
Contact: Doug Petit 
p: (516)546-2030 I: (516)546-6010 
Mixing systems, training 

LIWl'l■CI F1ct1r 
2748 West 79th St., Hialeah, FL. 33016 
Contact: Mike Casey 
p: (800)-338-5493 I: (305)558-5351 
Filtration systems, gas testing, consulting 

LIii Su•••rt T1cllnele1les 
17 Southminster 
White Plains, New York 10604 
Contact: Glenn Butler 
p: (914)428-6074 f: (914)997-6210 
Mixing systems, consulting, training 

Lullrlc1tlan TICbHIDIY Inc. 
310 Morton St., Jackson, OH 45640 
Contact: Gary Goodan 
p: (614)286-2644 f: (614)286-3975 
Oxygen compatible lubricants 

RIX Industries 
6460 Hollis St., Oakland, CA 94608 
Contact: Mike Parker 
p: (510)658-5275 f: (510)428-9102 
Di I-free compressor systems 

TIii GIi Station 
831 Charles St., Gloucester, NJ 08030 
Contact: Lou Sarlo 
p: (609)456-4316 f: (609)456-0046 
Mixing systems installation, consulting 

NETWORKING 

Co■pul■l've ICUIII fll'U■ 
For information (U.S.) (800)848-8990 

GENIE lcull1 R1undt1lll1 
For information call: Tracie Kornfeld: 
(914)666-3328

NACD Bulletin Board 
(912)246-3280. Up to 2400 baud, 8 databits, no parity, one
stop bit. The system will prompt callers through registration.
Will support .QWK offline readers as of FEB93.

OXYGEN CLEANING, OXYGEN SURFACE 
SUPPLIED SYSTEMS, EQUIPMENT 
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Now! PURE BREATHING 

AIR aod HELIOX 
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 
Phone 510-658-5275 
FAX 510-428-9102 

� :�:: COMPRESSORS 

NSS-CDS Certifications 
through Full Cave 

IAND Certifications 
through Instructor 

High-Tech Services 

High-Tech Equipment 

Mixed Gas Fills including: 
Premixed NNI (no cleaning needed) 
Custom EAN & Trimix 
Oxygen 

AQUIFIER DIVE CENTER 
4564 .ATI.ANnc BoULEVARD • jACKSONVILLF,, FL 32207 

904-398-1274 
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Brawnlll Tllll'd Luna 
940 NW 1st St., Ft. Lauderdale, FL 33311 
p: (305)462-5570 
Specialty equipment 

Ginni■ Sprln11 Div■ C■nt■r 
7300 NE Ginnie Springs Rd. 
High Springs, FL. 32643 
Contact: Mike Hanna 
p;(904)454-2202 I (904)454-3201 
Specialty equipment 

ISC Man111111nt 
7 4 Woodcleft Ave, Freeport, NY 11520 
Contact: Doug Petit 
p: (516)546-2030 f: (516)546-6010 
Specialty equipment & supplies 

Undarw1t1r Appllc1t1ons Corporation 
427-3 Amhearst St. Suite 345
Nashua, NH 03063
Contact: Randy Bohrer
p/f: (508)433-6586
Specialty hardware; oxygen equipment, systems, grease

PORTABLE HYPERBARIC CHAMBERS 

SOS Ltd. 
Po Box 328, London NW7 3JS, U.K. 
Contact: John Selby 
p; 44(81)959-4517 f: 44(81)959-7971 
Mfrs the "Hyperl ite" Portable Chamber 

SURVEY & MAP MAKING 

Karst Environmental Sarvlc11 
PO Box 1368, High Springs, FL 32643 
Contact: Wes Skiles 
p: (904)454-3556 f: (904)454-3749 
Technical services and imaging 

Out 01 Thi Blua Cr1atlon1 
PO Box 770189, Ocala, FL 32677 
Contact: Eric Hutchinson 
p: (904)624-2293 
Underwater maps and illustrations 

TECHNICAL INFORMATION & BOOKS 
aquacorp1 
PO Box 4243, Key West, FL. 33041 
Contact: Michael Menduno 
p (800)365-2655 f: (305)294-7612 

aquaCorp1 Europa: 
15 Claudia Pl., Augustus Rd. 
London SW19 6EX 
Contact: Simon Moores 
p 44(81 )789-0961 f 44(81 )780-2018 

American Academy 01 Und1rwat1r Scl1nt1111 (AAUSl 
c/o Don Harper 
Texas A&M University Galveston 
507 U St., Galveston, TX. 77551 
p: (409)740-4540 f: (409)740-0857 
Conference proceedings 

Aqua Qu11t 
48 Bayville Rd., PO Drawer A 
Locust Valley, NY 11560 
Contact: Tony Bliss 
p: (800)933-8989 f: (516)759-0476 
Selection of technical diving books 

BIii Publl1hln1 C1■p1ny 
PO Box 30100, Flagstaff, AZ.86004 
Contact: Sandy Smith 
p; (800)468-1055 f: (602)526-0370 
Large selection of technical diving books 

Gary Gentile Productions 
Po Box 57137, Philadelphia, PA 19111 
Contact: Gary Gentile 
f: (215)722-3017 
Wreck diving books 

N1tlon1I Speleolo1lc1I Society-Cave Diving Section 
(NII-CDS) 
PO Box 950, Branford, FL. 32208 
Cave diving titles 

Undar111 Hyperb■rlc MedlCII Society 
9650 Rockville Pike, Bethesda, MO 20814 
Contact: Rosemary Mathias 
p: (301)571-1821 f: (301)571-1815 
Conference and symposium proceedings, periodicals 

Underwater Books 
2732 West 43rd St., Minn, MN 55410 
Contact: Tom Kremer 
p: (612)922-6266 

Water Sport Publllhlng 
PO Box 83727, San Diego, CA 92138 
p:(619)697-0703 f: (617)697-0123 
Several technical diving titles 

TEKKIE TRAVEL 
Ced■■ Dive Canter 
Postal 117, Playa DEi Carmen 
Quintano ROO, Mexico 77710 
Contact: Steve Gerrard 
p/f: 52(987)35129 
Cave diving, EAN instruction 

Diva Diva Dive Ltd 
PO Box N-8050, Nassau, Bahamas 
(800)368-3483, (809)362-1143
EAN and trimix instruction and diving

lun1klll Divers Ltd. 
PO Box N-142, Nassau, Bahamas 
Contact: Monty Doyle 
(800)331-5884 p/f: (809)362-1979
Deep diving, EAN and trimix

U.K. WRECK DIVING: 
Ill "Eurotek" HCtlon pg. 28-30 

TROPHIES & A WARDS 
Trident Mlnl1tur11 
PO Box 567, Stone Mountain, GA 30086 
Contact: Augustin Rodriquez 
p: (404)469-5339 f (404)469-5324 
Bronze sculptures 

II your company offers a technlcal product 
and or sarvlce and you'd Ilka to be Included 
In the tek.GUIDE directory, pleasa contact 
us at: aquacorps, PO Box 4243, Key West, 
FL. 33041, p: (305)294-3540, I: (305)294-
7812, Attn: tek.GUIDE. 

Cross 
Foundation 
A Non-profit Research and Testing Corporation 

The Cros� Foundati�n is dedicated
to carrying out pro1ects and 

conducting international research
focusing on the environment for the
purpose of scien�ific, medical and
educational advancement.0 f primary interest is the underwater

world and its ecological systems. 
Managing Directors: 

Lee Racicot Lalo Fiorelli 
Written inquiries should be directed to: 
885 Third Ave, Suite 2900, New York, New York 10022 1888 Century Park East, Los Angeles, California 90067 

Dive Operations Planning Software 
• Exley's strategic planning model• Decompression fables for any mix or depth• Latest Buhlmann ZH-L16 (mod)• P02s, EAD, g_as consumption, mixing instructions• IBM compafibles. Specity 3.5' or 5" 
Send $199 check or money order to: 
Sheck Exley, Rt.8, Box 374, Live Oak, FL. 32060. 
Ask about our IAND Trimix Course schedule 
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telLGUI llaclltele■ and ln■*l'UC*Ol'tl 
Technical resources 
The following guide lists dMng facilities offer­
ing special mix, ecuipment, supplies and 
training The letter, "A" represents an 
American Nitrox Divers Inc affiliated center, 
"E" represents the European Association of 
Technical Divers, and "I" represents an affilia­
tion to the International Association of Nitrox 
Divers Inc." A list of instructors is also includ­
ed. The designation "N" represents 
enriched air, "nitrox," 1nstruct1on, 'T repre­
sents instruction in trimix and/or heliox, "IT" 
represents "instructor trainer " 

Training Notice: 
Training programs for the use of ennched air 
nitrox with scuba equipment are fairly well 
established, though there remain a number 
of open issues regarding mixing and han­
dling practices At the present time, a con­
sistent set of internationally agreed upon 
guidelines for enriched air mixing are being 
developed but are not yet in place The situ­
ation with respect to helium mixes is much 
different. 

The use of trimix and heliox in self-contained 
diving 1s in an embryonic stage of develop­
ment. To date there have been roughly 
600- 1 CXXJ of these dives conducted in the
US. by approximately 1 CXJ 150 individuals
(see "Trimix Report" in the coming issue of
technicalDIVER 4 1 to be published in
March, 1993-ed.) As a result, there is cur­
rently no consistent set of community­
accepted training or operational standards
for these mixes, and practices vary widely.

Though trimix certification programs exist, 
they presently lack substance, and though 
there are qualified instructors, many individu­
als offering training in mix have minimal expe­
rience with this technology and the opera­
tional considerations involved. As a result, 
the quality and content of available training 
varies considerably. 

Warning: We strong� recommend that you 
investigate a facility and or instructors thor­
ough� before investing in a training program. 
Ask for training credentials (who they have 
trained with, when and where), relevant 
logged experience (number of relevant 
dives, number of courses taught), and get 
references from others who have attended 
their programs. 

Remember, "You, and you alone, are 
responsible for your safety." 
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FLORIDA 

Hyperbarlcs International 
490 Caribbean Dr., Key Largo, FL, 33037 305-451-2551, I 

Forty Fathom Grotto 
Ocala, FL, 34478 call Elton 904-368-7974, I 

Steamboat Dive Inn 
PO Box 1000, Branford, FL, 32008, 904-935-DIVE, I 

Branford Dive Center 
PO Box 822, Branford, FL, 32008, 904-935-1141, I 

High-Tech Diving Adventuras 
4564 Atlantic Blvd , Jacksonville, FL, 32207 
904-398-1274, I

Aquifer Dive Center 
4564 Atlantic Blvd., Jacksonville, FL, 32207, 
904-398-1274, I

Florida State University at Tallahassee 
Academic Diving Program R-7410 
Montgomery Building, Tallahassee, FL, 32306, 
904-644-3450, I

Gull Coast Pro Dive 
7203 Hwy. 98, West Pensacola, FL, 32506, 
904-456-8845, I

The Scuba Shop 
348 SW Miracle Strip Pkwy. #19, Fort Walton Beach, FL 
32548-5364, 904-243-1600, I 

University 01 Florida at Gainesville 
Dive Officer Robert Millott, PO Box 12547 
Gainesville, FL, 32604, I 

Ginnie Springs Dive Center 
7300 NE Ginnie Springs Rd , High Springs, FL, 32643 
904-454-2202, I

Diver's Oasis Scuba Center 
1512 S. Woodland Blvd., Deland, FL, 32720, I 

Hal Watts' Mr. Scuba 
2219 E. Colonial Dr., Orlando, FL, 32803 
407-896-4541, I

Private Divers 
4840 N. Courtaney Pkwy., Merritt Isle, FL, 32953 
407-453-4564, I

Key West Diver 
MM 4.5 US #1 Stock Island, Key West, FL, 33040 
800-873-4837, "A, I"

Hall's Diving Center & Career Institute 
1994 Overseas Highway, Marathon, FL, 33050, I 

Ocean Diving Schools 
750 E. Sample Rd., Pompano Beach, FL, 33064 
305-943-3337, I

Quallty Diver Education 
1545 NE 104th St., Miami Shores, FL, 33138 
305-754-1027, I

Underwater Unllmltad 
4633 LeJeune Rd , Coral Gables, FL, 33146 
305-445-7837, I

Pisces School DI Dive 
781 Fairport Road, Coral Gables, FL, 33146 
305-445-7837, A

The Diving Educators ol Kay Biscayne 
PO Box 557012, Miami, FL, 33155, 305-361-5222, I 

H20 Scuba1 BO 
Sunny Isles Blvd., North Miami Beach, FL, 33160 
305-956-DIVE, I

National Academy 01 Pollce Diving 
12074 South West 117th Terrace, Miami, FL, 33186, A 

Brownie's Third lung 
940 North West 1st St., Ft. Lauderdale, FL, 33311, A 

Bahamas Nltrox Diving Center ltd. 
c/o Dive Dive Dive Ltd., 323 S.E. 17th Street #519 
Ft. Lauderdale, FL, 33316, 809-362-1401, A 

American Diva Center 
1888 NW 2nd Ave., Boca Raton, FL, 33432 
407-393-0621, I

Action Aquatics 
800 Florida Ave., Tampa, FL, 33604, 813-932-3895, I 

Jim's Sea Diva Canter 
1051 Combee Rd., Lakeland, FL, 33801 
813-667-1121/1433, I

The Diva Station 
15065 McGregor Blvd., Ft. Myers, FL, 33908 
813-489-1234, I

Bay Point Dive Canter 
300 NW Highway 19, Crystal River, FL, 34428, I 

Seahunt Dive & Travel 
3395 East Bay Rd , Largo, FL, 34641, 813-539-0227, I 

EASTERN UNITED ST ATES 

East Coast Divers: 
1) 280 Worcester Rd, Framingham, MA, 01701

800-649-3483/508-620-1176, I
2) 237 Falmouth Rd., Hyannis, MA, 02061

800-698-3483/508-775-1185, I
Northeast Diving Technology 

41 Beacon St., Boston, MA, 02108, I 
3) 213 Boylston St., Brookline, MA, 02146

800-649-2757 /617-277-2216, I
Underwater Applications Corp. 

427-3 Amhearst St.#345, Nashua, NH, 03063
508-433-6586, I

HI· Tech Center 
211 Hackensach St., Woodridge, NJ, 07075 
201-666-0908-IAND, I

Treasure Cove Divers 
327 South Ave., Westfield, NJ, 07090, I 

"Country Scuba, Inc." 
114 Lakeside Ave., Lake Stockholm, NJ, 07460 
201-697-0287, I

Sea Dwellers ol New Jersey 
132-A Broadway, Hillsdale, NJ, 07642, I

Sea Dwellers ol New Jersey 
132-A Broadway, Hillsdale, NJ, 07642, 201-539-0009, I

Chatham Watersports 
9 N. Passaic Ave., Chatham, NJ, 07928, 201-635-5313, I 

North Atlantic Technical Services 
92 Route 1 OW, East Hanover, NJ, 07936, I 

Triton Divers ol l B I 
342 West 9th, Ship Bottom, NJ, 08008, 609-494-4400, A 

The Gas Station Inc. 
831 Charles St., Gloucester, NJ, 08030 
609-456-4316, "A, I"

HI· Tech Divers 
831 Charles St., Gloucester, NJ, 08030, 609-456-4316, I 

The Dive Shop DI New Jersey 
266 Delsea Drive, Sewell, NJ, 08080, 609-589-2434, I 

Dive Boat "Diversions" 
ATTN: John Comly, 281 Timberline Place 
Brick Town, NJ, 08723, I 

B&B Divers 
588 Shadey Ln, Toms River, NJ,08753, 908-929-4160, A 

Enchanted Diver 
259-19 Hillside Ave., Floral Park, NY, 11004
718-470-6858, "A, I"

All American Sport Shop 
Utica, NY, 11315, 315-733-9282, A 

All American Sport Shop 
27 North Broad St., Norwich, NY, 113815 
607-334-5277, A

"Island Scuba Canters, Inc." 
7 4 Woodcleft Avenue, Freeport, NY, 11520-6132 
516-546-2030, A

Prolasslonal Diver Training 
2 Edgebrook Land, Monsey, NY 10952, A 

Dive Inc. 
1 South Central Avenue, Valley Stream, NY, 11580 
516-872-4571, A

National Diving canter 
4932 Wisconsin Avenue NW., Washington, DC, 20016, 
202-363-6123, A

Carroll Scuba 
2027 Suffolk Road, Finksburg, MD, 21048 
301-833-3638, A

Scuba Hut 
139 Delaware Ave., Glen Burne, MD, 21061 
301-761-4520, I

Tidewater Aquatics 
1147 S. Salisbury Blvd. #7, Salisbury, MD, 21801 
410-742-1992, I

Rudaa Inlet Diva canter 
1091 Norfolk Ave. #107, Virginia Beach, VA, 23451 
804-425-2997, I

Lynnhavan Diva Canter 
1413 N. Great Neck Rd , Virginia Beach, VA, 23454 
804-481-7949, I

University of North Carollna at Wilmington 
Center for Marine Science - NURC7205 
Wrightsville Ave., Wilmington, NC, 28403, I 

Full Sall Scuba 
211 Richland Ave , Aiken, SC, 29801, 803-642-5411, I 

American Scuba Canter 
1925 Piedmont Circle, Atlanta, GA, 30324, I 

Divers Supply 
200 Governor Treulen Dr., Pooler, GA, 31322, I 

Submariner Rasearch 
Box 1906, Bainbridge, GA, 31717, 912-246-9349, I 

Loulsvllla Diva Canter 
2478 Bardstown Road, Louisville, KY, 40222, I 

Dcaan Tech 
7 Stone Tree Rd., Bath, ME, 04530-9401 
207-442-0998, I

Scuba Instruction and Development 
"Route 4, Wild Acres", Clinton, TN, 37716 
615-457-9643, I

Fantasy Scuba Canter 
115 N. Locust Hill Drive, Lexington, KY, 40509 
606-454-2202, I

WEST AND MIDWEST UNITED STATES 

Scuba Quast Sport Diving Canter 
3017 N. Causeway Blvd., Metairie, LA, 70002 
504-834-8243, I

University of Callfornl1-Sant1 Cruz 
Santa Cruz, CA, 95060 408-459-4286, A 

Underwater Diva Canter 
42551 N. Ridge Road, Elyria, OH, 44035, I 

Aqua Spaclallsts 
14813 Madison Ave., Lakewood, OH, 44207 
800-7 47-8782/216-521-4858, I

University of Michigan 
"Dive Officer Lee Somers, Ph.D.", Space Research 
Building Ann Arbor, Ml, 48109, 313-769-1862, A 

Underwater Outfitters 
2579 Union Lake Road, Commerce Township, Ml, 48382 
313-363-2224, I

Michigan Tachnlcal Diving Academy 
254 River Avenue, Holland, Ml, 49423, 616-392-3300, I 

D.I. V .E. Systems
1812 Taft Ave., Berkeley, IL, 60163, I

Dlvanturas 
1017 W. Diversey Parkway, Chicago, IL, 60614 
312-348-3483, I

The Great American Diving Company 
467 Lantana Lane, Saint Peters, MO, 63376 
314-926-2092, I

Diver's Equipment Scuba canter 
5800 Barrymore Dr , Kansas City, MO, 64134 
816-763-5678, I

Bolllng Springs Diva Canter 
Route 2 Box 1, Licking, MO, 65542, 314-674-2043, A 

Texas T1chnlc11 Divers 
102 Roanoke St., Victoria, TX, 77904, 512-572-2468, I 

Scuba Sclancas 
8502 N. Black Canyon Hwy, Phoenix, AZ 85051, A 
Collage of Oc11na1rlng 

272 South Fries Ave., Wilmington, CA, 90744 
310-834-2501, I

Scuba Advanturas 
965 South Mt. Vernon Avenue, Colton, CA, 92324 
714-825-2502, I

Scuba Advanturas Unllmltad 
253 E. Redland Blvd , San Bernardino, CA, 92408 
714-825-2502, I

Advanturas In Diving 
31678 Coast Highway, South Laguna, CA, 92629, A 

Flying Dutchman Hyparbarlcs 
PO Box 3956, Mission Viejo, CA, 92690, 714-380-7462, I 

Aquarius Diva Shop 
2240 Del Monte Avenue, Monterey, CA, 93940 
408-375-1933, A

Aqua-Tech Englnaarlng 
3254 Park Lane, Laffeyette, CA, 94549, A 

Bodega Marina Lab-Univ of CA 
P.O. Box 247, Westside Road, Bodega Bay, CA, 94923 
707-875-2032, A

Adventure Sports 
303 Potrero St. #15, Santa Cruz, CA, 95060 
408-458-3648, A

Ocean OddBHY 

Compressed Air Driven 
GAS BOOSTERS and 
packaged t1nits 

S urce gas s can be fa;o91 cyllnd rs, 
vaporlzerS\ mechanical compress rs,
02'N2 generators. 

Select from over 45 
drive series. 

Haskel, Inc. 
Burbank, CA 91502 • U.S.A. 
PH : (818) 843-4000 
FAX: (818) 841-4291 
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HAWAII'S FIRST FULL 
SERVICE TECHNICAL 

DIVE SHOP 
High Tech Certifications• Nitrox • Trimix • Deep 

High Tech Charters (45 ft boat) • Wrecks ITo 600 ft. DEEP) 
Dive The Banks (Untouched, 14 miles out at 250 fsw). 

45-781 Kamehameha Hwy.
Kaneohe, HI 96744 (OAHU) 

(808)236-IAND or (808)247-PADI
Fax: (808)236-EPIC
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2345 South Rodeo Gulch, Santa Cruz, CA, 95062 
408-475-3483, I

University or Calllernla-Davl1 
Davis, CA, 95616, 916-754-1419, A 

Belllnglla■ Dive and Travel 
720 West Maplewood, Bellingham, WA, 98225 
800-388-6341, "A, I"

Pacific RIii 
7516 27th St. West, Tacoma, WA 98466, A 

HAWAII 
E•lc Divers 

45781 Kamehameha Hwy., Kanohe, HI, 96744 
808-236-IAND, I

Hawaiian Divers 
4-5490 "B" Kaiwi St. (PO Box 3515)
Kailua-Kona, HI, 96745, 800-356-2243/808-329-2243, I

INTERNATIONAL 
Hlgll Tecll Divers LIii. 

PO Box 813, Lane Cove, New South Wales, 
2066, Australia, 02-427-1274, I 

IAND or Australia 
255 Stanmore Road, Stanmore, New South Wales, 
2048, Australia, I 

NIIIIU lculla Center 
"F. Nivens, Coral Harbour Beach Club & Villas", 

Join The Exchange 
If you are a dive facility owner 
and/or instructor involved in tech­
nical diving and want to be listed 
in aquaCorps' technical exchange, 
please send your name, contact 
information, and relevant certifica­
tion/training credentials to: 
aquaCorps, 
PO Box 4143, 
Key West, FL 33041 

Fax: 305-196-6007 

PO Box CB11863, Nassau, Bahamas 
809-362-1964/800-327-8150, I

Stuart Cove's Na111u Under111 Adventur11 
Box CB11697, Nassau, Bahamas, I 

lunsklll Divers 
PO Box N-142, Nassau, Bahamas, 809-362-1979, I 

Kingston Diving Center 

786 Bath Road, Kingston, Ontario, K7M 4Y2, Canada 
613-634-8464, A

Tl■'I Place 
RR 2, Minesing, Ontario, LOL 1YO, Canada, I 

GIIIHburgh Water 
Estrea Road, Whittlesey, PE7 2AR, England U.K. 
44-733-351288, I

IAND Alllllltl Europ11n AIHClltlon 
or Tecllnlcal Divers 

8 Kellaway Ave., Redland, Bristol 
Avon, BS6 7XR, England U.K., I 

Wl■lllellon Diving C11tr1 
574 Kingston Road, Raynes Pk SW20 SOR, 
London, England, A 

CEDAM Dive CHt■r 
AP 117 Playa del Carmen, Quintana Rao 
Mexico, 52-987-35129, I 

Pure Air ltd 
P.O. Box 305G Palmdale, Grand Cayman B.W.I., A 

T1chnlc11 Diving l1rvlc11 LIii. 
P.O.Box 307G GT, Grand Cayman B.W.I., A 

Ill a lkl lportl LIii 
3 Colvilles Rd. Kelvin Ind. Est., E. Kilbride G75 ORS, 
Scotland, A 

INSTRUCTORS 
NORIH AND NORIHEASIERN ONIIED SIAIES 

Paul H. Adler 
280 Worcester Road, Framingham, MA, 01701, N 

MHDn llllnk 
Northeast Diving Tech., 41 Beacon Street, 
Boston, MA, 02108, N 

John Roarke 
10 Pembroke Street #2, Chelsea, MA, 002150, N 

C. Randy Bohrer
427-3 Amherst St., STE 345, Nashua, NH, 3063, T,N

Bret GUIii■ 
7 Stone Tree Road, Arrowsic Island, 
Bath, ME, 04530-9401, IT,T,N 

Robert L. Ballard 
65 Susan Drive, Suffield, CT, 06078, N 

Tony z■rlkDI 
37 High Street, Greenwich, CT, 06830, N 

Mike Y11ky 
219 McCloud Drive, Fort Lee, NJ, 07024, N 

Anthony Chlmko 
134 Jewell St., Garfield, NJ, 07026, N 

Albert Payatak 
89 Hiawatha Blvd., Lake Hiawatha, NJ, 07034, N 

Lawrence V. Ray 
107 Glenside Ave., Scotch Plains, NJ, 07076, N 

Ted M11otl 
73 Baylor Ave., Hillsdale, NJ, 07642, N 

WIiiiam Phoal, Ph.D. 
Dive Officer, Sandy Hook Lab, Highlands, NJ, 07732, N 

John M COIIIY 
PO Box 443, Convent Station, NJ, 07961, N 

George Power 
831 Charles St., Gloucester, NJ, 08030, N 

Thomas Doherty 
7 46 Denver Blvd., Edison, NJ, 08820-1931, N 

Bob Raimo 

Technical Diver Education and Nitrox 
Instructor Training for the Southwestern U.S 

Specializing in custom training programs: 

Nitrox Diving • Cave and Cavern Decompression Theory • Trimix Diving Wreck Diving• Other Programs 
Discover the new frontier: cave(rn) diving in Yucatan, Mexico • Guided tours and instruction throughout the year. 
Flying Dutchman Hyperharics 
Frans Vandermolen 
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Fax: (714)831-4288 

259-19 Hillside Avenue, Floral Park, NJ, 11004, T,N
Edward A. Blttl 

74 Woodcleft Avenue, Freeport, NY, 11520, N 
C. Dou1111 Pettit

74 Woodcleft Avenue, Freeport, NY, 11520, N
Jenny-Ann Edgren 

40 Hawthorn Road, Garden City, NY, 11530, N 
Bob J. Ro11nb1uer 

47 Chesnut Ave., East Setauket, NY, 11733, I 
Scott II. RIIII 

Five Abbott Avenue, Earlville, NY, 13332, N 
Jehn P. 11ar1ko1 

PO Box 274, Fairport, NY, 14450, N 
Kenneth Ch1rl11worth 

PO Box 472, Duncansville, PA, 16635, N 
R■y■ond Jarvis 

National Dive Center, 4932 Wisconsin Avenue NW, 
Washington, DC, 20016, N 

ltev■ Riordan IV 
9208 Cedar Way, Bethesda, MD, 20814, N 

WIIIII■ l■rro 
139 Delaware Ave., Glen Burnie, MD, 21061, N 

Frank Eberle 
716 214th St., Pasadena, MD, 21122, N 

MIChlll Ro■■no 
7819 Redwood Tree Rd., Severn, MD, 21144, N 

Glenn Dausch 
907 Bengies Rd., Baltimore, MD, 21220, N 

Martin Meler 
3627 Roberts Place, Baltimore, MD, 21224, N 

Frederick Joh 
420 Nottingham Rd., Baltimore, MD, 21229, N 

Edward H. Green 
PO Box 4037, Salisbury, MD, 21803, N 

SOOTH AND SOUTHEASTERN UNITED STATES 
MIChHI A. Hlllllr 

1413 Great Neck Road, Virginia Beach, VA, 23462, N 
David Martinez 

16 Reparto Alamein, Rio Peidras, Puerto Rico, 926, N 
Gary Wallen 

4119 Roland Avenue, Baltimore, MD, 21211-2035, N 
Alex Fitch 

6484 Birch Hearth Ct., Alexandria, VA, 22306, N 
David Burroughs 

849 Sandy Court, Virginia Beach, VA, 23451, N 
John Conway 

1091 Norfolk Avenue #107, Virginia Beach, VA, 23451, N 
Tony D'Andrll 

2500 Shore Drive, Virginia Beach, VA, 23451, N 
JDIIPh A. Darling 

2241 Willow Oak Circle, Virginia Beach, VA, 23451, N 
Faron James Cordrey 

964 Earl of Essex, Virginia Beach, VA, 23454, N 
Charles M. Balle 

1268 Alanton Drive, Virginia Beach, VA, 23454, N 
Allen B. Cromer 

2112 Spruce Knob Court, Virginia Beach, VA, 23456, N 
MIChHI Van Twyl, M.D. 

605 New Lake Ct., Virginia Beach, VA, 23462, N 
lu11n Wagner 

916 Appleby, Virginia Beach, VA, 23462, N 
Richard P. Tarr 

1931 Foxhound Lane, Norfolk, VA, 23518, N 
J. Morgan Wells, Ph.D.

NOAA Exp. Dive Unit, Bldg.1519,
Ft. Eustis, VA, 23604-5544, N

Larry H. Brown 
Route 1, Box 17, Moncure, NC, 27559, N 

Dan Orr 
Box 3823, Duke University Medical Center, 
Durham, NC, 27710, N 

Robert J. llbthorp 
Route 14, Box 94C, Greenville, NC, 27834, N 

lteph11n Mastro 
7205 Wrightsville Ave., Wilmington, NC, 28403, N 

Douglas E. IIHllng 
247 St. James Ct., Wilmington, NC, 28409, N 

David Black 
Route 1, Box 177, Brevard, NC, 28712, N 

Beth Walker 
Route 1, Box 177, Brevard, NC, 28712, N 

Craig Reda 
426 Colleman Blvd., Mt. Pleasant, SC, 29464, N 

Brent C. Blunt 
155 Suffolk Dr., Aiken, SC, 29803, N 

J1m11 D. Curran 

1124 Berkshire Road, Atlanta, GA, 30306, N 
Andra Smith 

10 Regent Dr., Savannah, GA, 31406, N 
John era■ 

PD Box 1906, Bainbridge, GA, 31717, T, N 
J1■11 Jaimie H. He■psta■d

PO Box 677 4, Columbus, GA, 31907, N 
Keith Slm■ons

107 S. Windgate Circle, Daphne, AL, 36526, N 
Mika Hansley 

Route 4, Wild Acres, Clinton, TN, 37716, N 
Catharina Kha■ 

305 Deer Run, Maryville, TN, 37801, N 
David W. Rhll 

313 Whitecrest Dr., Maryville, TN, 37801, N 
J. Barton DeJ■rn■tt

7848 Royalty Drive, Apt. E, Louisville, KY, 40222, N
WIIIII■ Dooley 

115 North Locust Hill Drive, Lexington, KY, 40509, N 
Ronnie L. Sloss 

1228 Henry Ave., Bowling Green, KY, 42104, N 
Gra1ory M. Turner 

2616 Kiwanis Dr., Bowling Green, KY, 42104, N 
Edward Parent 

2109 Benjamin St., Arabi, LA, 70032, N 

MIDWEST AND WESTERN UNITED STATES 
Don Barthel■HI 

2818 Chapala St., Santa Barbara, CA, 93130, N 
Marshall DIWHR II 

3615 Sunset Drive West, Tacoma, WA, 98466, N 
Russ M1cN11I 

42551 N. Ridge Road, Elyria, OH, 44035, N 
SUHR M1cN11I 

42551 N. Ridge Road, Elyria, OH, 44035, N 
John Norris 

14813 Madison Ave., Lakewood, OH, 44107, N 
Joel Stoffa 

14755 Athens, Lakewood, OH, 44107, N 
Shalla McIntyre 

4155 Regal Pkwy., Brunswick, OH, 44212, N 
St1va 1111n1 

9405 East 500 North, Greentown, IN, 46936, N 
Janet Sltchln 

3495 Charing Cross, Ann Arbor, Ml, 48108, N 
Larry Harris Taylor 

3495 Charing Cross, Ann Arbor, Ml, 48108, N 
LIi Somers, Ph.D. 

University of Michigan Space Research Building, 
2455 Hayward, Ann Arbor, Ml, 48109, IT,T,N 

B.J.G11na 
9155 Rucker Road, Grosse-lie, Ml, 48138-1916, T,N 

Arthur Joslln 
550 Gill St., Ypsilanti, Ml, 48198, N 

Miki N. Mcllay 
2579 Union Lake Rd., Commerce Township, Ml, 48382, N 

WIIIII■ DeJack
9555 Garlorth, White Lake, Ml, 48383, N 

Wlllllm Gardner 
2165 North Victoria, Roseville, MN, 55113, N 

Tom Plnk■WI
704 E. Cobblestone Circle, Glenview, IL, 60025, N 

Richard MCNUity 
1908 Connie Lane, Mt. Prospect, IL, 60056, N 

Bob Szczepanski 
PO Box 931, West Dundee, IL, 60118, N 

LIi B11don 
332 E. Valette, Elmhurst, IL, 60126, N 

Claude Jewell 
436 Roosevelt Rd., Glen Ellyn, IL, 60137, N 

Mika SHI 
10007 W. 70th, Merriam, KS, 60203, N 

Lawrance llray 
4016 S. Clinton, Stickney, IL, 60402, N 

Jaffray Molk 
8525 W. 133rd St., Orland Park, IL, 60462, N 

Dick Jacoby 
4915 Pershing Rd., Downer's Gove, IL, 60515, N 

llan Frisco 
270 Timber Trail Dr., Oak Brook, IL, 60521, N 

Marc Frisco 
270 Timber Trail Dr., Oak Brook, IL, 60521, N 

Rich Osten 
6200 Woodward Ave., Downer's Grove, IL, 60576, N 

Dave Hanson 
600 S. Dearborn, Apt. 1802, Chicago, IL, 60605, N 

Fran Jaeger 

P.S.A. 
The PROFESSIONAL SCUBA ASSOCIATION,INC. 

OFFERS 

DEEP AIR · NITROX · TECHNICAL NITROX · TRIMIX 
TRAINING AT HAL WATTS' FORTY FATHOM GROTTO, OCALA, FL. 

ADVANCED DEEP DIVING CERTIFICATION FOR: 
INSTRUCTORS,DIVEMASTERS AND DIVERS. 

When we say deep diving we don't mean to say that you should 
dive 130 ft. - Depth is a relative term. 

Taking our advanced deep diving course will teach you how to 
handle the II what ifs 11 during deep diving operations. 

We always ask, 1100 you think you or your buddy could have 
handled a stressful situation or could either one you have saved 
your buddy at depth in an out of air or narcosis situation?' 

DEEP AIR TRAINING LEVELS 

LEVEL DEPTH DIVES CERTIFICATION 
(MAXIMUM) 

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

We specialize in training divers for: 
Andrea Doria and Wilkes Barre 

Cavern, Cave and 02 First Aid. - Instructor ratings also available. 

Our instructor staff has trained five world record deep divers. 
We invite you to train with us. 

11 to //Je edge of the envelope and beyond - safely" 
Professional Scuba Association, Inc. 

2219 E. Colonial Drive Orlando, Fl 32803 
Orlando (407) 896-4541 

Ocala (904) 368-7974 
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Get Serious 
If you're serious about improving your diving safety and performance, consider 
making the Gas Station a part of your 
team. 

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

At the Gas Station, we're serious about 
"extended diving" safety. What about you? 

DEDICATED TO TECHNICAL DIVING EXCELLENCE 

i .i •�.['i • ... -•• .•I·•···.· li ,·
I� - iii-· .. :> i
I ! - - ..... . .. . .. !

, . r •
-·••' - ! 

The Gas Station's state-o f­
the-art blending panel can 
sup ply; enriched air nit rox, 
heliox, trimix, oxygen and 
argon to your specifications. 

The Gas Station 
831 Charles Street 

Gloucester, NJ 08030 
609•456•4316 

FAX: 609•456•0046 

Country Senba 
Northurest Neur 
.Jersey's 
Teehnieal Diving 
Center 
Technical and recreat ional training including; enriched air 
nitrox, technical nitrox, cave and cavern diving, wreck diving, 
all levels of open water training. Oil free gas blending; EAN 
32/36 banks, custom EAN blends, oxygen fills and cleaning. 
Equipment repair and service, specializing in regulators. 

114 Lakeside Ave, Lake Stockholm, N,J. 07460 
(20 I )697-0287 

A NDI • IA ND • NACD • NAUI • NASE 
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1224 W. Altgeld, Chicago, IL, 60614, N 
Lou N11sI1r 

WGN-TV, 2501 Bradley Place, Chicago, IL, 60618, N 
Steven L. Olla 

467 Lantana Lane West, Saint Peters, MO, 63376, N 
Eric K. Brannon 

5800 Barrymore Dr., Kansas City, MO, 64134, N 
Gary L. Taylor 

5800 Barrymore Dr., Kansas City, MO, 64134, IT,T,N 
John Mueller Sr. 

PO Box E, Orengo, MO, 64855, N 
LHIIB (Dae) Burki 

Route 2, Box 1, Licking, MO, 65542, N 
J11sa Armantrout 

102 Roanoke St., Victoria, TX, 77904, N 
Chip Hough 

402 West Chester, Corpus Christi, TX, 78408, N 
Martin K. Shamllan, Ph.D. 

15317 Yardarm Court, Corpus Christi, TX, 78418, IT,N 
Andr11 Cry1111 

PO Box 331307, Corpus Christi, TX, 78463, N 
Tl■othy O'Leary 

215 Hwy. 100, Port Isabel, TX, 78578, N 
Jim Flagg 

40 W. Littleton, Suite 210-51, Littleton, CO, 80120, N 
John Staullar 

365 Ash Village Dr., STE 210-51, Littleton, CO, 80120, N 
Kan Sulllvan 

11436 212th St., Lakewood, CA, 90715, N 
Darrell Suarez 

7250 Woodvale Ct., West Hills, CA, 91307, N 
Curt R. Blau 

23037 Oxnard St., West Hills, CA, 91367, N 
Art Lawis 

13834 Friar St., Van Nuys, CA, 91401, N 
Gana Collum 

2400 Ridgeway Dr., #601, Chino Hills, CA, 91710, N 
Graham C. Hullord 

PO Box 910508, San Diego, CA, 92191, N 
JI■ P. Baden II 

253 E. Redlands Blvd., 
San Bernardino, CA, 92408, IT, T, N 

Tony Roberts 
27280 Ave. De La Plata, Laguna Niguel, CA, 92656, N 

Frans Van dar Molan 
PO Box 3956, Mission Viejo, CA, 92690, N 

Gana Loconte 
PO Box 30192, Santa Barbara, CA, 93130, N 

Kally Phllllps 
PO Box 30192, Santa Barbara, CA, 93130, N 

Jam11 Danlal Brown 
777 Mermaid Avenue, Pacific Grove, CA, 93950, N 

Martyn N. Parry 
479 Waverly Street, Menlo Park, CA, 94025, N 

Tom OMARA Graana 
3254 Park Lane, Lafeyette, CA, 94549, N 

Matthew McDermott 
849 Almar Avenue, Santa Cruz, CA, 94549, N 

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

David Nagle 
148 Walk Circle, Santa Cruz, CA, 95060, N 

Captain Wings Stocks 
2345 South Rodeo Gulch, Santa Cruz, CA, 95062, IT,T,N 

E.J. Lalo Floralll 
250 Rocky Road, Soquel, CA, 95073, N 

Scott Tims 
3350 Cannan! Lane, Watsonville, CA, 95076, N 

Stefan Hayward 
22000 Greenwood Road, Philo, CA, 95466, N 

Dannis J. Pierce 
46078 Emepela Place, #H-205, Kaneohe, HI, 967 44, N 

Bob Hofallch 
PO Box 3515, Kailua-Kona, HI, 96745, N 

Wllllam High 
Bldg. 4 RaceBIN C15700 NOAA, 7600 Sand Point Way, 
Seattle, WA, 98115, N 

CIIII Newall 
NOAA Diving Program, 7600 Sand Point Way, N.E. 
Seattle, WA, 98115-0070, N 

Dal Armstrong 
1605 20th Street, Bellingham, WA, 98225, N 

Larry EIHVl■r 
2720 West Maplewood, Bellingham, WA, 98225, N 

JOBI Mltchall 
9328 Glacier Hwy., #47A, Juneau, AK, 99801, N 

FLORIDA 

GHI BrDD■e 
PO Box 822, Branford, FL, 32008, N 

Dustin CIHI 
PO #85, Branford, FL, 32008, T,N 

Mark LHnard 
Route 14, Box 136, Lake City, FL, 32055, IT,T,N 

BIii McDer■Dtt 
Route 7, Box 363, Lake City, FL, 32055, N 

La■ar Hlras, Jr. 
Route 14, Box 162, Lake City, FL, 32055, N 

JDhn OrlDWSkl 
Route 5, Box 128-E, Live Oak, FL, 32060, N 

Wlllla■ Rennaker 
RR 5, Box 166, Live Oak, FL, 32060, N 

Slleck Exlay 
Route 8, Box 37 4, Live Oak, FL, 32060, T,N 

Jan NIii 
280 Devon Street, Port Orange, FL, 32127, N 

Randulph ShaldDn 
4564 Atlantic Blvd., Jacksonville, FL, 32207, N 

Dan Dancl11r 
4564 Atlantic Blvd., Jacksonville, FL, 32207-2124, IT,N 

Dan Orr 
1833 Halstead Blvd. #1306, Tallahassee, FL, 32308, N 

Juhn R. Pierce 
3225 Shimmy Lane, Tallahassee, FL, 32308, N 

St■v■ Garrard 
P 0. Box 20006, Tallahassee, FL, 32316-0006, N 

Gre11 Stantun 
ADP/FSU, Route 3, Box 5322, 
Crawfordville, FL, 32327, IT,T,N 

Danny Grizzard 
PO Box 248, Youngstown, FL, 32466, N 

Allan RDlllnHn 
3540 Molaree Dr., Pensacola, FL, 32503, N 

MIChHI s. Harris 
5501 Duval Street, Pensacola, FL, 32503, N 

Kathy D■nnl1Dn 
3260 Deer Ridge Road, Cantonment, FL, 32533, N 

JalHS S11y 
512 Driftwood Circle, FL, 32541, N 

Edwin B. G1Dr11 
902 Whisperwood Lane, Fort Walton Beach, FL, 32547, N 

Juhn Stauffer 
239 Miracle Mile Prky. #19, Ft. Walton Beach, FL, 32548, N 

Garry Huwland 
348 SW Miracle Strip Pkwy. #19, 
Fort Walton Beach, FL, 32548-5364, N 

Ja■H R, H1ck1r 
9050-A Quail Roost Dr., Navarre, FL, 32566, N 

RDllert F. MIIIDtt 
PO Box 12547 - 1403 NE 20th Ave. (32609), 
Gainesville, FL, 32604, N 

Carl Suttun 
3454 NW 49th Ave., Gainesville, FL, 32605, N 

Eric P. 11111 
3535 NW 54th Lane, Gainesville, FL, 32606-0808, N 

Juhn Jay 
7300 NE Ginnie Springs Rd., High Springs, FL, 32643, N 

Ja■H LDCkWDDd 
PO Box 544, High Springs, FL, 32643, N 

Stave B■r■an 
7300 Ginnie Springs Road, High Springs, FL, 32643, T,N 

Danny M11t1rs 
1512 S. Woodland Blvd., Deland, FL, 32720, N 

G■Drg1 Mlltll'I 
1512 S. Woodland Blvd., Deland, FL, 32720, N 

Frank TDII, Jr. 
1245 Munster St., Orlando, FL, 32803, N 

Tarrence- Ty11II 
2219 E. Colonial Dr., Orlando, FL, 32803, T,N 

NII Watts 
2219 E. Colonial Dr., Orlando, FL, 32803, N 

A. J. TDny F■langa 
4840 North Courtaney Parkway, Merritt Island, FL, 

32953, N 
ThD■II Dunzelman 

343 Gulfstream Road, Dania, FL, 33004, N 
Dick RutkDWSkl 

490 Caribbean Dr., Key Largo, FL, 33037, IT,T,N 
Kl■ McDDn■ld 

490 Caribbean Drive, Key Largo, FL, 33037, N 
RDblrt J. Bryan 

105 1st Ave., Key Largo, FL, 33037, N 
MIChHI B. Huett 

371 Buttonwood Drive, Key Largo, FL, 33037, N 

HGWQIIGN 
DIVERS™

HI TECH DIVE FACILITY 

HOW DEEP DO YOU WANT TO G01 
DAILY SCUBA CHARTERS 

SMALL BOAT DIVES 

SCUBA TRAINING 
4-DAY CERTIFICATION

1 DAY RESORT DIVE 

EQUIPMENT • AIR FILLS 
RETAIL • REPAIR • RENTALS 

MIXED GAS 

SEA DWELLERS OF NJ 
HI-TECH DIVE CENTER 

Enriched Air Nitrox Training • Manufacturers of Anodized Up-Line 
Reels • Nitrox and Trimix Gas Mixing on Premises • Advanced 
Wreck Dive Training Our Speciality • o2 Cleaning of Regulators and 
Tanks • U.S. Divers and Sherwood Authorized Dealers • Authorized 
Repair • Center for All Manufacturer's Equipment • Specialized 
Equipment Rentals Including Video and Video Editing. 

"Your One-Stop Shop for all your 
Technical Diving Needs!" 

132 A Broadway Hillsdale, NJ 07642 
201-358-0009 Fax 201-358-1519
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IIEI IINGHAM 
DIVE AND TRAVEL 

The Northwest's Enriched Air Nitrox Center 
Now commercial and recreational divers can benefit from enriched air diving. Enjoy greater safety, efficien­cy, and cost effectiveness, as well as extended bottom times. Our experts will conduct individual or group training programs at your site or ours. 
1-800-845-4891
2720 West Maplewood Bellingham, WA .. 98225 

The Largest Enriched Air Training Facility 
of Its Kind in the U.S. 

Tom Mount's 
Quality Diver Education 

Presenting Hi Tech Diver Training in: 
Cave Diving, Deep Diving, Wreck 

Diving, Stress Management, Nitrox, 
Technical Nitrox and Trimix. 

Reserved f�r_ those who 
demand and expect quality 

Call today: 
305-754-1 0Z7

fax: 305-751-4873 
33 Years • 10,000 + logged dives 
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Mark N1111 
MM 4.5, US Hwy 1, Stock Island, Key West, FL, 33040, N 

Paul A. RYIII 
MM 4.5, US Hwy 1, Stock Island, Key West, FL, 33040, N 

BIiiy D11n1 
MM 4.5 US 1 Stock Island, Key West, FL, 33040, T,N 

J1m11 L. Trivett 
PO Box 1862, Marathon Key, FL, 33050-1862, N 

Timothy H. Coatney 
PO Box 7 40, Key Colony Beach, FL, 33051, N 

Martyn Thomas 
2629 N. Riverside Dr., Pompano Beach, FL, 33062, N 

Bob Good 
101 N. Riverside Dr., Apt. 206, 
Pompano Beach, FL, 33062, N 

JHIII Mimi 
750 Sample Rd., Pompano Beach, FL, 33064, N 

Dan Mullan 
3100 NE 48th Court, Apt. 108, 
Lighthouse Point, FL, 33064, N 

David Mount 
1545 NE 104th St., Miami Shores, FL, 33138, N 

To11 Mount 
1545 N.E. 104th St., Miami Shores, FL, 33138, IT,T,N 

Kenny Broad 
c/o IAND, 1545 NE 104th St., Miami Shores, FL, 33138, N 

Jim Fishback 
1545 NE 104th St, Miami Shores, FL, 33138, N 

Don Stalzan 
4633 SW LeJeune Road, Coral Gables, FL, 33146, N 

Ch1rl11 Matthew, Jr. 
4633 SW LeJeune Road, Coral Gables, FL, 33146, N 

Jack Nichols 
Dive Officer RSMAS, 4600 Rickenbacker Causeway, 
Virginia Key, FL, 33149, N 

Don C. Scholin 
PO Box 557012, Miami, FL, 33155, N 

Mitch SklHI 
160 Sunny Isles Blvd., North Miami Beach, FL, 33160, N 

Capt. Randy Edwards 
3854 NE 167th St., North Miami Beach, FL, 33160, N 

John Knapp 
1117 N.E. 158th St., North Miami Beach, FL, 33162, N 

Robert J. Arnova 
15560 N.E. 5th Ave , North Miami Beach, FL, 33162, N 

Randy Holl 
13908-C SW 46th Terrace, Miami, FL, 33175, N 

JUIIUI Wiggins 
12074 SW 117th Terrace, Miami, FL, 33186, N 

R. Dan NIii
1223 NE 18th Ave. #4, Fort Lauderdale, FL, 33304, N

Bob Sheridan 
7221 SW 6th St., Plantation, FL, 33317, N 

Todd IVBI 
4594 Waditaka Way, West Palm Beach, FL, 33417, N 

Pater R. Schulz 
1888 NW 2nd Ave., Boca Raton, FL, 33432, N 

Jan Ebert 
1888 NW 2nd Ave., Boca Raton, FL, 33432, N 

Anthony Phllllps 
11211 S. Military Trail #4224, 
Boynton Beach, FL, 33436, N 

Andrew Mrozinski 
300 South Ocean Blvd., Del Ray Beach, FL, 33483, N 

Tom Bryan 
8800 Florida Avenue, Tampa, FL, 33604, N 

Dale A. Kozlch 
838 Winnie Lane, Lakeland, FL, 33813, N 

John Banslngar 
405 28th St., Holmes Beach, FL, 34217, N 

Jo11ph M. Gl1mb1lvo 
3431 Sea View Street, Sarasota, FL, 34239, N 

BIii Bird D11tr1lch 
8585 N. Pineneedle Trail, Crystal River, FL, 34428, N 

Dani al F. Lina 
PO Box 221, Ocala, FL, 34478, N 

Jay K. Jallrlll 
40 East Osceola, Stuart, FL, 34494, N 

Gary Parkins 
3395 East Bay Drive, Largo, FL, 34641, N 

Marian MIiiar 
15204 Omaha Street, Hudson, FL, 34667, N 

Arnold Jackson 
7825 Jackson's River Road, Leesburgh, FL, 34788, N 

Paul A. Johnson 
253 Airosa Blvd., Port St. Lucie, FL, 34983, N 

INSTRUCTORS INTERNATIONAL 

Reginald Boer 5 Avon St., Stratford, Cairns, Queensland, 4870, Australia, N Rob Cason PO Box 813, Lane Cove, New South Wales, 2066, Australia, N Mlchella Barlanda PO Box N-7776, Nassau, Bahamas, N Cartar L. Takacs PO Box 219, Provodenciales, Turks & Caicos Islands, British West Indies, N Chris J. Dru111 c/o Treasure Island Divers, West Bay Rd., Georgetown. Grand Cayman, British West Indies, N Kim Cochran PO Box 30240, Seven Mile Beach, Grand Cayman. British West Indies, N Reg Cralghton PO Box 1544, Georgetown, Grand Cayman, British West Indies, N Beat Schm11s111ann PO Box 242, Tobermory, Ontario, NOH 2RO. Canada, N Edger Senn PO Box 294, Station A, Downsville, Ontario, M3M 3A6, Canada, N Tim McLaughlin RR 2, Minesing, Ontario, LOL 1 YO, Canada, N Varn Johnston 2070 Harvey Ave. #6, Kelowna. British Columbia, V1 Y 8P8, Canada, N Ward Buchall 800 Royal York Road #301, Toronto, Ontario, MBY 2T7, Canada, N Ian Forstar c/o Gidenburgh Water. Estrea Road, Whittlesey, PE7 2AR, England U.K., I Kevin Gurr 42 Marsh Rd., Thatcham, Berkshire, RG13 4DR, England U.K., N Nall Grean 43 Revelstoke Way, Rise Park, Nottingham. NG5 5AJ, England U.K., INTL, N Richard Bull 14 Townsend, Lower Almondsbury, Bristol, BS12 4EN. England U.K., T,N Rob Palmer Neighbourne Cottage, Oakhill, Somerset, BA3 5BQ, England U.K., T,N Simon Mooras 15 Claudia Pl., Augustus Rd., London. SW19 6EX, England, N TorbJorn Farlandar Sjosavaagaen 147, 12437, Bandhagen. Sweden. N Valeri Darkln PO Box 2661, Vladivostok, 690090, USSR, N Leonardo Llanaza PO Box 87055, Caracas. 1081, Venezuela, N 

Join The Exchange 
If you are a dive facility owner 
and/or instructor involved in tech­
nical diving and want to be listed 
in aquaCorps' technical exchange, 
please send your name, contact 
information, and relevant certifica­
tion/training credentials to: 
aquaCorps, 
PO Box 4143, 
Key West, FL 33041 

Fax: 305-196-6007 

Diving Disciplines 
Bridging the gap from recreational 

to technical dive training 
• Deep Air • Enriched Air (EAN)
• Coastal Exploration Charters • Special Mix Diving

Ocean Odyssey 
D v e  C e n  r e  

2334 S. Rodeo Gulch Road, Santa Cruz, California 95062 

408-475-DIVE [SJ FAX: 408-475-3526
Located on Monterey Bay 

Increase Your Depth 
When you're deep you may only have one 

chance to do it right. 
Training is the key to safety. 

Our program will help you build the 
neccesary skills, knowledge and experience 

level. 
One step at a thne. 

To 1nake sure you won't get in over your 
head. 

Scuba Adventures 
253 E. Redlands Blvd. 

San Bernadino, CA. 92408 
ph: 714-825-2502 fax: 714-825-3986 

/)eep /)ivin# • Enriched Air Nitrox • 
• Special Allx• 
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aquaCorps' European editor, 
Simon Moores, 36, is an ANDI, 
/AND, PAD/ and PSA instruc­
tor, and a member of the EA TD 
and BSA C. His company, 
Submariner Consultants Ltd. 
represents a variety of techni­
cal product and service ven­
dors. He can be contacted at: 
Softech House, Osburn Mews, 
Windsor SL4 3DE England. 
Fax#: 44(753)831-640. 

Welcome to 
Eurotek. 

With the burgeoning 
interest and develop­
ment of technical div­
ing in Europe, we will 
be expanding our cov­
erage to include this 
important segment of 
the self-contained div­
ing community. 

Beginning with this 
report from our 
European editor, 
Simon Moores, 
look for more features 
and information in 
future issues of the 
Journal and 
technicalDIVER. M2 
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Editorial 

Eu•oscuba: 
Politics 
and 
Pa•adox 
by Simon Moores 

"Surrounding every technology are insti­
tutions whose organization- not to 
mention their reason for being- reflects 
the world-view promoted by that tech­
nology. Therefore, when an old technol­
ogy is assaulted by a new one, institu­
tions are threatened. When institutions 
are threatened, a culture finds itself in 
crisis." 

Neil Postman 
Technopoly: The Surrender 

of Culture to Technology 

The British diving scene presents a curious 
contrast to anyone looking in from the 
outside. On the one hand there is a 
vibrant adventurism and dramatic exam-
pies of technological innovation in areas 

organization offers one of the most thor­
ough and inexpensive diver training pro­
grams in the world. As a result of size and 
probably its club structure, the BSAC is 
much more of a reactive organization 
than a pro-active one. As a consequence, 
new ideas are slow to filter through the 
committee stage before they are accept­
ed. This situation prnmpted a c.ecent 
American visitor to observe that, "the typi­
cal British sport diver is probably better 
trained than his or her U.S. counterpart, 
where as the leading U.S. technical divers 
are light years ahead of the leading U.K. 
divers in terms of technology and tech­
nique." 

BSAC's reticence to move quickly has left 
the U.K. recreational market open to the 
approaches of an increasingly aggressive 
and market aware PADI, which is enjoying 
tremendous growth in the U.K .. PADI cor­
rectly recognizes that not all British divers 
enjoy the sometimes rigorous challenges 
of British Isles diving. Indeed, there are 
many thousands of resort divers whose 
needs are not being served, and 1993 
will, I have heard, see PADI attempting to 
promote their own club concept in direct 
competition with BSAC. So much for 
recfeational diving. 

such as c2 (closed circuit) breathing sys- Thanks largely to aquaCorps, the expres-
terns, "desktop decompression" and 
po-rtable chamber technology. 
Meanwhile, at the opposite end of the 
spectrum, the sport suffers from what is 
perhaps an over-cautious streak of conser­
vatism where new ideas are involved, 
together with the ever present risk of gov­
ernment involvement if the conduct of 
the sport is not kept in order. 

sion, "technical diving," first surfaced on 
our shores two years ago, and has been a 
source of growing interest and some 
debate ever since. With probably more 
ship wrecks available for diving than any­
where else in the world, Britain sports--a 
corps of very experienced divers who for 
the most part have been limited to air div­
ing. Most of these individuals are con­
ducting these operations without the ben­

The British Sub-Aqua Club (BSAC) is the efit of the methods and equipment such 
dominant force in U.K. recreational div- . as in-water oxygen decompression, wings 
ing. With over 50, 000 members, the and harness systems, in some cases even 

doubles, which is taken for granted by lead­
ing U.S. wreck and cave divers. In addition 
there is a need for improved "operational 
support," a concept which is only now start­
ing to catch on in the States. Interestingly 
enough, enriched air ("nitrox") diving is 
still considered a part of the "technical" 
venue in the U.K., and in terms of commer­
cialization, is probably a year and a half or 
two behind the U.S. 

Similar to the initial positions taken by the 
recreational agencies in the States, BSAC's 
reaction to the use of enriched air and other 
special mixes has been largely predictable. 
Though BSAC insists that it offers "technical 
diving" skills at its higher levels of training, it 
rejects many of the latest operational meth­
ods which have become "community stan­
dards" in the States. Not surprising, at its 
recent Diving Officers Conference, BSAC 
choose not to endorse enriched air diving as 
a club-sanctioned activity. However with the 
newly formed British training association, 
the European Association of Technical Divers 
(EATD), and both of the U.S. enriched air 
training companies, ANDI and the IAND, 
actively developing European operations; it's 
probably only a matter of time, before 
enriched air diving gathers sufficient com­
mercial impetus to achieve a broad base of 
support. 

To be sure, over the last six months, the 
U.K. has suffered from the same kind of mis­
information blitz that has been so rampant 
in the States. Comments such as "oxygen 
and nitrogen will separate in an enriched air 
mixture, 11 11 nitrox divers can't be treated in a 
chamberi 

II and "trimix is only for warm-water 
diving, 11 only serve to confuse an intelligent 
audience that is hungry for information. 
Here, as in the USA, "nitrox" is regarded as 
"controversial" in some circles, and there 
are those who fear that hapless recreational­
ists will become "hooked" on the "devil 
gas." As a result, serious divers find them­
selves turning to the thriving underground 
for information on techniques and equip­
ment, because the home grown editorial is 
inclined to feature more politically accept­
able subjects. 

That is not to say that there isn't legitimate 
cause for skepticism and a need to improve 
these fledgling service offerings. Similar to 
the U.S., the enriched air contingent still has 
its fair share of problems, including develop­
ing a consistent set of acceptable mixing 

Northern Diver 
Standish Centre 
Standish Wigan 
tel 44(257)421-330 
US Rubatex dry suits designed for 
technical diving. Suit inflation 
systems. 

Diver Training School 
Camperdown Terrace 
Exmelltin, Devon 
p: 44(395)266-300 
f: 44(395)276-6341 
Enriched air nitrox training center 
and gas service. HSE approved 
commercial and first aid training. 
BSAC and SSI approved school. 
PADI courses available. 

Offshore Components Ltd. 
The Standish Centre, Cross St., 
Standish, Wigan, LANCS WNG OHO 
England 
p: 44(257)421-330 
f: 44(257)427-409 
Made to measure neoprene dry suits 
designed for technical diving. 

Graseby Dynamics Ltd. 
Contact: Ravi Mawkin 
Park Ave., Bushey Watford, Herts, 
WDZZBW, U.K. 
p: 44(923) 228-566 
f: 44(923)240-285 
Underwater wireless communica­
tions systems. 

Dorset Diving Services 
Unit 7, Elliot Rd., W. Howe Industrial 
EST, Bournemouth, BH11 8JX, UK 
p: 44(202)580-065 
f: 44(202)593-529 
Enriched air nitrox, technical nitrox, 
trimix, deep diving courses. Mix 
fills, 02 cleaning, speciality equip­
ment. 

Wimbledon Dive Centre 
p: 44(81 )543-4576 
London's premier technical diving 
dealer. Enriched air nitrox training 
and fills. Dive Rite "Wings" and 
reels. Specialty equipment, technical 
pub I ications. 

standards and procedures, which 
remains a hot issue in the States, local 
politics, and in the case of British div­
ing, receiving an exemption from 
commercial regulation, similar to that 
granted to sport diving training, from 
the government's Health and Safety 
Executive. It is hoped that with the dis­
semination of better information, in 
conjunction with cooperation among 
the various technical product and ser­
vice organizations, these issues can be 
successfully addressed, and the U.K. 
will make the conceptual leap into the 
nineties and beyond. 

So what does the future hold for 
European diving? It's likely that the 
U.K. will serve as a gateway for new 
ideas and methods which will 
inevitably filter through the continent. 
European divers may not have thought 
of themselves as technical, but have 
made some remarkable explorations 
and penetrations without the benefit 
of much of the technology and meth­
ods enjoyed by top U.S. divers. 
Inevitably, as they have elsewhere, 
more divers will start using doubles, 
back-mounted BCDs, improved 
decompression methods and special 
mix, which will open an exciting new 
chapter in underwater wreck explo­
ration, caving and underwater archeol­
ogy. 

Given it's penchant for entrepreneur­
ship, the U.K. is also likely to serve as a 
springboard for much of the new tech­
nology that will eventually be adopted 
by this market, whether its British-style 
training programs, Carmellan's new 
closed circuit system, Aquatronics' 
decompression software or SOS Ltd.'s 
field treatment chamber. Access to 
enriched air technology is the first step 
on the ladder of progress. 

Clearly the challenge for Britain's 
emerging technical community is to 
take a leadership role by offering an 
avenue for interested users to improve 
their diving safety and performance. 
This can best be achieved through 
cooperation and the commitment to 
provide timely and accurate informa­
tion and high quality instructional pro­
grams. Safety is the first priority. 
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Getting 
a .IU p 
on UK 
W•ecks Earth is actually a 

pretty fun small planet 
when you think about it. 

You could be making a virtual
jump right now on some of the 

classic wrecks of our time. Or if you 
like you could come in person. It's just 

across the pond. 

SPORT DIVER UK 
The most British independent diving magazine on the planet. 

For subscriptions • 1993 UK Wreck Expeditions 
Communicate 

The Limes, 123 Mortlake High Street, London SW14 8SN, England, 
p: 44(81)876-6588 f: 44(81)392-2424 

Plan your dives with ... 
Pro Planner v.1 
PC based dive simulation software. 
• Buhlmann Computational algorithm: air/nitrox
• Gas Requirements Planning
• Oxygen Toxicity Alarms
• Open and Closed Circuit Diving, Altitude Diving
• Logbook

Approx. US$ 115
IBM Compatible 3.5'' or 5.25" diskette. 

Aquatronics 
UnitB#13 Acre Rd, Redding RG2 OSA, England 
p/f: 44(635)869-l&i 
In U.S. (305) 754-1027 
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E.A.··I � . ' 
The European Association 

of Technical Divers 

For information on EATD courses, 
manuals, materials and membership. 

Contact E.AT.D. at: 
8 Kellaway Road, 
Redland, Bristol 
BS6 7XR. U.K. 
p: 44(7 49)840-685 
f: 44(7 49)840-685 or 
44(272)245-009 

Envi•on1w1entalist 
No matter what the diving 
environment, DUI is 
there. From pipeline tie­
ins 300 msw down, to 
teaching 11Coldwater 
One" in 30 fsw, where 
safety and performance 
are what count at the end 
of the day. DUI thermal 
protection systems. 
Tough. Rugged. 
Flexible. Warm. 
Spirited. And suited for 
the environment. 
Are you? 

DIVING 
UNLIMITED 

INTERNATIONAL 
INC. 

1148 Delevan Drive 
San Diego, CA 92102-2499 

1-aoo-s2s-a•ss
In Europe: 

Unit 7, Wellshead Crescent 
Wellsheads Industrial Estate 

Dyce, Aberdeen AB2 OGA P: 44(224)724-093 

Safety Diver, Diepolder II Exploration. 91 OCT. Max Depth: 290 fsw (89 msw). Runtimes in excess of 
150 minutes. Water temperature: 70°F. Diving gases: trimix, air, enriched air, oxygen. 

Creating Performance Technology 



W e've got
your 
mix! 

Dive Dive Dive 
is proudly the first 
International nitrox 
Centre in the 
Bahamas. Enriched 
air nitrox or trimix, 
we've got it. Take 
your extended range 
skills to the 
Bahamas and have 
some real fun. D o you know

someone 
that would 

like to try nitrox 
with you? We offer 
both a nitrox 
resort course or 
full certification. 
Either way you'll 
be there to intro­
duced them to 
their first 
extended range 
dive. 

YOUR 
PLAYGROUND .... 

Shark Alley Lyford Cay Reef Tunnel Wall Simms Point Reef Goulding Cay Willaurie Reef Willaurie Wall The Palace The Antinique Sand Chute Wreck on the Wall James Bond Wreck In Between Reef Clyde's Cave Wall Pennacle Wall Cessna Wreck Jaws Drop Off Porpoise Pens 20,000 Leagues Heineken Wall Cleaning Station Runway Wall Fish Bowl The Ridge School House Razorback Playground Sliding Anchor Lost Reef Mile Marker Reef 

W�
i
�:�� They are 

serious about their 
bottom time. If you 
are a multiple dive­
diver the last thing 
you want to do is 
spend half your 
vacation just getting 
to and from your 
dive sites. 
The answer: Stay 
with us. We are only 
DIVE 
DIVE 
DIVE 
I?edorl: 
NASSAU 
BAHAMAS 
I.A.N.D., A.N.0.1 CERTIFIED

TOLL FREE In the U.S.A. 

800 368-3483 

More information ... 

More information on Doppler detec­
tion of bubbles may be found in: 

Butler, B.D., Robinson, R., Fife, C. and 
Sutton, T. (1991). Doppler detection of 
decompression bubbles with comput­
er-assisted digitization of ultrasonic 
signals. Aviat. Space Environ, Med. 
62:997-1004. 

Eatock, B.C. (1984) Analysis of Doppler 
ultrasonic data for the evaluation of 
dive profiles. In Underwater 
Physiology IX, Proceedings of the 
Ninth International Symposium on 
Underwater and Hyperbaric 
Physiology. pp. 183-195. A.A. Bove, A. 
J. Bachrach and L.J. Greenbaum Jr. 
(Eds.), Bethesda, MD: Undersea and 
Hyperbaric Medical Society. 

Evans, A. (1975). Ultrasonic surveillance 
of decompression. In The Physiology 
and Medicine of D iving and 
Compressed Air Work, 2nd Edition. 
pp. 417-434. P.B. Bennett and D.H. 
Elliott (Eds.) , London: Bailliere, 
Tindall. 

Nishi, R.Y. and Earock, B.C. (May 1989). 
The role of ultrasonic bubble detection 
in table validation. In The 3 7th 
Undersea and Hyperbaric Medical 
Society Workshop, Validation of 
Decompression Tables. UHMS 
Publication 74(VAL) 1-1-88, pp. 133-137. H.R. Schreiner and R.W.
Hamilton (Eds.), Bethesda, MD:
Undersea and Hyperbaric Medical
Society. 

Nishi, R.Y. (1990). Doppler Evaluation of 
Decompression Tables. In Man in the 
Sea, Volume I. pp. 297-316. Y.C. Lin 
and K.K. Shida (Eds.), San Pedro, CA: 
The Best Publishing Co. 

Powell, M.R., Spencer, M.P. and von 
Ramm, 0. (1982). Ultrasonic surveil­
lance of decompression. In The 
Physiology and Medicine Diving (Third 
Edition), pp. 404-434. P.B. Bennett and 
D.H. Elliott (Eds.), San Pedro, CA: Best 
Publishing Co. 

Sawatzky, K.D. and Nishi, R.Y. (1991). 
Assessment of inter-rater agreement on 
the scoring of intravascular bubble sig­
nals. Undersea Biomed. Res. 18 (5-
6):373-396. 

Spencer, M.P. (1977). Doppler ultrasonic 
detection of venous gas emboli (VGE). 
In Proceedings of the Twelfth 
Undersea Medical Society Workshop 
Early Diagnosis of Decompression 
Sickness. UMS 7-30-77, pp. 1-49. R. 
Pearson (Ed. ) ,  Bethesda: Undersea 
Medical Society Inc. (Note: there are a 
number of other papers in this refer­
ence devoted to early work in 
Doppler.) 

"Bug wars" 
are always memorable 
when· using doppler in the 
field. The person being 
''dopplered" must flex at 30 
second intervals and can­
not often smack "bugs" at 
will. If weather conditions 
are humid, hot and the 
ground is wet, or the boat 
is rocking, Florida can be a 
difficult area for field 
doppler at almost any time 
of the year. 

Why doppler? As our 
team began to do more 
and more deep mix explo­
ration dives, we immedi­
ately realized several con­
ditions would need to be 
met if we were to validate 
our decompression proce­
dures. 

First, we needed a 
consistent team of people 
with an established base­
line for comparison .  
Second, we fel t that  a 
consistent matrix, or table 
set, which could be 
matched to our dives, 
should be used and 
adhered to as closely as 
possible, hence our use of 
DCAP (a computa tional 
algorithm designed by Or. 
R. W Bill Hamilton, 
Hamilton Research Ltd.­
ed.). Finally, we needed a 
method of determining 
how well the dive team 
responded to the decom­
pression tables. Doppler 
monitoring seemed to be 
the best alternative. 

Our approach was rel­
atively simple; use DCAP 
to prepare the tables, dive 
the tables, record and ana­
lyze the results. Initially, 
safety "pads" were used in 
our decompression com­
putations. After gaining 
confidence with a particu-
1 ar series of dives, we 
found that we could dive 
the tables the way they 
were designed to be 
dived-to the limits. 
However we continued to 
apply caution; if the dive 
were unusual for any rea­
son, or if our "bubble 
scores" were high, the 
"pads" would go back in. 

By Jim King 

"One more minute and I will this 
ubug" to smithereens. Ouch. ""Flex. 11 

Thirty sec,cmds and the "but will be dead. 
Ten. Five. Thr,ee. Two. One. S»}ack. 

Jim King dopplering Dustin Clesi after a dive to 360 fsw (110 msw) for 40 minutes at Diepolder II, Brooksville, FL. 
Doppler told us how well 
divers were responding to 
a particular dive, or a cer­
tain table, on a given day. 

Bugs not withstand­
ing, one of the important 
things we learned about 
using doppler, was to have 
the same person score the 
results if at all possible. 
Scoring is somewhat sub­
jective, so in order to 
remain as consistent as 
possible, we used the 
same person to score the 
tapes. These are used only 
once and are kept as a 
permanent record with the 
results (doppler score), 
copy of the tables used, 
and dive profile. Good 

records are essential for 
meaningful results. 

Having monitored over 
a hundred dives, we feel 
this work has been impor­
tant in validating the use of 
DCAP and developing a 
reliable set of procedures 
for trimix diving, though we 
still don't really know where 
the "edge" is. None of the 
team has been bent, 
though we've probably 
been close. Our team has 
seen high three's and 
four's on some long deep 
dives, which we've learned 
is not atypical for these 
types of exposures. You 
have to find your own lim­
its. 
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Tha USN 
Traatmant 
Tablas 

Though other procedures and methods have evolved, the U.S. Navy treatment tables have become a standard of reference for treat­ing decompression illness. Here, naval med­ical officer, Dr. John Zumrick describes USN procedures and some of the history and thinking behind them. 
For the technical diver, dives have become longer and deeper, with many approaching or exceeding the limits of traditional decompression tables. Tables used to manage these exposures are less thoroughly tested than those of more limited and, therefore, more common dives, so it is reasonable to expect the incidence of decompression illness (DCI) to be higher. Moreover, owing to varia­tions in individual physiology, even com­monly used decompression schedules are not entirely bends free. As a result, a tech­nical diver runs a higher-than-normal chance of experiencing a case of DCI (Note that the overall estimated decompres­sion risk for sport divers is about.02% or 

11 one in 5000 dives, 11 though the risk for extended range dives is probably higher. See "Decompression Safety," by Richard Vann, pg.13). Recompression therapy is the defini­tive treatment for DCI. Begun shortly after the onset of bends, recompression can result in dramatic, almost immediate improvement and cure, even while the diver is still being compressed to treat­ment depth. Delayed therapy, however, is far less successful in effecting a cure and may require multiple treatments. Since the 19th century, bubble forma­tion has been implicated as the cause of decompression illness. DCI is caused by an excessively rapid lowering of ambient pressure. This reduction in pressure results in inert gas dissolved in tissue and blood 
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by John Zumrick 

coming out of solution and entering the gas phase, causing bubbles to form in tis­sue and blood. Signs and symptoms of bends can be grouped into two broad cat­egories based upon their severity. In traditional terminology, "pain only," or Type I, decompression sickness encompasses the relatively minor forms of the syndrome and includes limb pain, lymphatic manifestations and skin mani­festations. Limb pain is the most com­mon symptom of DCI, occurring in about 90% of USN cases. (Based on recent incident data from DAN and others, more than half the sport diving cases reported have neurolog­ical involvement-ed). This pain involves the arms and shoulders in a majority of cases and varies in intensity from a mild, nearly imperceptible ache to steady, near­ly unbearable pain. The exact mechanism by which bubbles cause this pain has not been determined, but it is thought that pain that responds to position is caused by local bubbles within the tendons and ligaments around joints, while deep bor­ing pain that does not respond to move­ment, may be due to increased pressure in the longbones. Lymphatic manifesta­tions are thought to be caused by bubbles blocking lymph flow resulting in swelling. Skin manifestations can also occur, which include itching, rash and purple mottling, usually over the trunk and back. Classical "Type II decompression sickness" is normally neurological, but does include "chokes" and extreme fatigue. Presenting signs and symptoms of these DCI manifestations are shown in Figure 1 to the right. The mechanisms by which bubbles produce the neurological manifestations are not well defined, either, though it is thought that bubbles trapped within and blocking pulmonary 

arteries may account for chokes. Elliott and Hallenbeck have elucidat­ed the mechanism of spinal cord decom­pression sickness in dogs. Normally, blood flow throughout the spinal cord and adjacent epidural vessels is slow but adequate. Increases in central venous pressure due to bubbles in the pulmonary artery contribute to reduction in blood flow through the spinal cord and epidural vessels. Bubbles may also form within these vessels, reducing blood flow. Blood­bubble interface may lead to platelet adhesion and the release of other chemi­cal substances, which themselves may reduce blood flow. The resultant reduc­tion in blood flow results in tissue hypox­ia leading to paralysis. Thus, although DCI is initiated by the formation of inert gas bubbles, it is a manifestation of addi­tional pathologic changes, particularly when not treated early. 
Prior to 1937, the U.S. Navy utilized treatment Table 1, based on never allow­ing the inert gas tension in the body's slowest "tissue compartment" to exceed twice that of ambient pressure. In 1937, Yarborough and Behnke shortened Tablel by including oxygen breathing at a depth of 60 fsw (18 msw) or less. The Behnke Yarborough modification of Table 1 included recompression to 165 fsw (50 msw) for 30 minutes, followed by 90 minutes of breathing oxygen at 60 fsw (18 msw). The end result was a saving of 45% of decompression time from the original table. In 1945, Van der Aue standardized recompression therapy in the U.S. Navy. His procedures formed the basis for treat­ment Tables 3 and 4 (Note that these tables are II still on the books II but are seldom used today due to their length, the operational dif­ficulties involved, and their perceived ineffec­tiveness. See discussion below.-ed.). The tables included initial recompression to 165 fsw (50 msw) for 30 to 120 minutes; an overnight soak on air at depths shal­lower than 60 fsw (18 msw) for 12 to 24 hours; and the use of 100% oxygen at 60 fsw (18 msw) or less. Unfortunately, oper­ational use of these tables between 1946 and 1961 yielded a treatment failure mte of nearly 30%. In 1965, Goodman and Workman proposed changes to these tables that formed the basis for the current oxygen treatment tables, Tables 5 and 6. They eliminated the initial recompression to 165 fsw (50 fsw) in cases of pure decom­pression sickness and lengthening of the oxygen breathing periods at 60 and 30 fsw (18 and 9 msw). Recompression to 

165 fsw (50 msw) was reserved for cases of arterial gas embolism. The initial expe­rience with these tables indicated a failure of less than 9%. Current USN treatment methods incorporate two separate goals: 1) the immediate reduction in bubble size and 2) permanent bubble resolution.Immediate recompression effectsimmediate reduction in bubble size, but the practical effect of this is limited. Assuming for the moment that gas bub­bles are spherical, recompression to 66 fsw (20 msw) reduces a bubble to 1/3 of it's volume at sea level pressure, while recompression to165 fsw (50 msw) reduces it to 1/6 of it's original volume. Further recompression to 198 fsw ( 60 msw) reduces the bubble to only 1/7 of surface volume, an insignificant differ­ence compared to its volume at 165 fsw (50 msw). Thus recompression deeper than 165 fsw or 50 msw is thought to be therapeutically insignificant, particularly when taking into account the effects of narcosis, additional gas loading, and the resulting extremely long decompression times. Recompression produces an immedi­ate reduction in bubble size favoring restoration of circulation and reduction of bubble effects in tissue. However, once this initial reduction in bubble size has been achieved, additional inert gas uptake by the bubbles may actually favor later bubble growth. To promote bubble resolution, high partial pressures of oxygen are used. When 100% oxygen is breathed, blood inert gas tension is reduced to zero, creat­ing a high gradient for the elimination of inert gas from bubbles and from the body. Recompression to only 60 fsw (18 msw) therefore produces two advantages. Recompression increases inert gas tension within the bubble, and oxygen breathing reduces the blood inert gas level thereby increasing the gradient and thus maxi­mizing the elimination of inert gas and bubble resolution. Additionally, the body takes up no additional inert gas while oxygen breathing. This reduces required decompression time. The above discussion assumes that bubble resolution occurs in a medium where tissue blood flow is fast, effectively carrying away the inert gas liberated from the bubble. However, in cases where tis­sue blood flow is reduced, such as spinal cord DCI, bubble resolution may be limit­ed by the rate gas is carried away from the tissues by circulation rather than by gas diffusion from the bubble. In addition to promoting more rapid bubble resolution, oxygen has other ther-

apeutic advantages. Oxygen provides bet­ter tissue oxygenation to areas where blood flow may not be adequate, thereby reducing tissue injury. Finally, oxygen has been shown to have an anti-swelling effect on nervous tissue, which may be useful, particularly in cases of spinal cord DCI. 

5, 6, and 6A) are strictly preferred to the air-breathing tables (Table 4). The oxygen tables have several advantages. First, bub­bles resolve more quickly during oxygen than air breathing. Second, hyperbaric oxygen reduces central nervous system edema. As a result, these tables are more effective in treating cases in which treat­ment has been delayed (common in sport 
= � Presenting signs and symptoms of 

.._ - .._ DCI manifestations 

Pulmonary ..................................... . Decompression Sickness (Chokes) 

Neurologic DCS ............................ . Brain Involvement 

Spinal Cord DCS ............................ . 

Inner Ear ........................................ . 

Shock ............................................. . 

Body Pain ....................................... . 
Fatigue ........................................... . 

fflEATMENT TABLES Though there are a variety of approaches and tables that are used suc­cessfully today by those involved in treat­ing DCI, the U.S. Navy uses two types of treatment tables: 1) those using hyperbar­ic oxygen breathing in relatively short treatments 2) and those employing air breathing throughout treatments of rela­tively long duration (Note that with the advent of oxygen therapy, air treatments have "fallen out of favor" in the non-military com­munity, and are viewed as not very effective in most instances-ed.). In most cases when oxygen is avail­able, the oxygen breathing tables (Tables 

Substernal chest pain usually burn­ing in nature. Coughing, frequently uncontrol­lable. Shortness of breath. 
Headache usually severe. Visual changes. Confusion, behavior changes. Paralysis - usually of one side of body, must distinguish from air embolism. 
Weakness and paralysis of legs. Loss of bladder and bowel control. Numbness or changes in leg sensa­tion, called paresthesias. 
Ringing in the ear. Deafness. Dizziness (vertigo). 
Decreased blood pressure due to loss of fluid from the blood vessels into the tissues. 
Pain of the back, abdomen, or chest as opposed to limb pain. 
Extreme fatigue far beyond that expected for the amount of exertion expended. 

diving incidents-ed.); whether this improvement is due to the anti-edema effect or to the improved tissue oxygena­tion is unclear. Oxygen-breathing tables are also shorter than traditional air tables. This gives patients who need other hospi­tal care access to therapy that cannot be administered while in the chamber. Finally, the patient may be decompressed at any time from an oxygen table without worsening symptoms, because the tissue absorbs no additional inert gas during treatment. Treatment Tabla 5, which was once described as a "carrot to lure the diver into the chamber" is intended for the treat-
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To convert feet to meters divide feet by 3.265. 
See aquaCorps Letters "Corrections: Getting it Right" page 57. 

USN Table 5 

USN Table 5 sometimes described as a "carrot to lure the diver into the chamber" is intended for pain-only DCI where symptoms com­pletely resolve within 10 minutes at 60 fsw (2.8 atm). 

USN Table B 

USN Table 6, is becoming the primary treatment table for acute neurological DCI with a runtime of a little over six and half hours. 

USN Table Ba 

F2 

F8 

F4 

USN 6a was originally intended for the treatment of cerebral air embolism and acute neurolgical DCI. Today, there is a question whether the benefits of the deep "air" dip to 165 fsw (6 atm) outweigh the risks of additional nitrogen loading and other operation difficulties. Some leading edge facilities are substituting enriched air, for example, an EAN 50, (50% 02, 50% NZ) for air to minimize additional gas loading. 
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ment of pain-only DCI where symptoms completely resolve within 10 minutes at 60 fsw (18 msw); cases of omitted decom­pression; or as a test of pressure used to determine if atypical symptoms may be decompression illness. Many diving doc­tors in the U.S. today will not use a Table 5 for liability reasons related to the potential for undiagnosed neurological involvement or recurrence of symptoms, though others believe it works and should be used when appropriate. A pro­file of Table 5 is shown in the Figure 2 on the left. Recompression is from the surface to 60 fsw (18 msw) at 25 fsw (8 msw) per minute, with the patient breathing oxy­gen throughout the descent. The patient continues to breath oxygen for 20 min­utes at 60 fsw (18 msw). After the initial 20-minute oxygen breathing period, thepatient breathes chamber air for fiveminutes followed by a second 20-minuteperiod of oxygen breathing. The five­minute air breathing period reduces thepotential for central nervous system(CNS) oxygen toxicity, usually manifest­ed as a seizure. After the second oxygenbreathing period, and if all symptomshave resolved within 10 minutes ofarrival at 60 fsw (18 msw), the patient isdecompressed at 1 foot per minute to 30fsw (9 msw) while continuing to breatheoxygen. Upon arrival at 30 fsw (9 msw),the patient takes a five-minute air break,followed by a final 20-minute oxygenperiod at 30 fsw (9 msw). After a thirdfive-minute air break, the patient isdecompressed while breathing oxygen at1 foot per minute to the surface. Totaltreatment time is 135 minutes.Treatment Table 8 is used to treat acute neurological DCI and for all other circumstances where treatment according to Table 5 do not apply. Table 6 is similar in many respects to Table 5 but requires additional and extended oxygen breath­ing periods. As shown in the Figure 3, Table 6 requires three 20-minute oxygen breathing periods, called "cycles" at 60 fsw (18 msw) as compared to two required by Table 5. Additionally, two more oxygen breathing periods inter­spersed with breathing chamber air can be added at 60 fsw (18 msw) in the event of incomplete resolution of symptoms during the initial treatment periods. Treatment Table 6 also differs from Table 5 in that two 60-minute oxygen breath­ing periods are required at 30 fsw (9 msw) with 15-minute air breathing breaks between oxygen breathing peri­ods. Again, Table 6 can be extended at 30 fsw (18 msw) to allow the insertion of two more 60-minute oxygen breathing 

periods if necessary. Total treatment time is 285 minutes without table extensions. Table 6 is replacing Table 5 as the preferred table for treating all forms of DCI. The  extra oxygen breathing atdepth minimizes the chance of symp­toms recurring after treatment for allcases successfully treated. Moreover, thistable provides more flexibility in dealingwith difficult or slow-to-respond cases.Treatment Table BA is intended for the treatment of cerebral air embolism, though there is some question as to its usefulness when there have been major delays between the time of the incident and instituting treatment, and for treating neurological decompression illness. Table 6A (Figure 4) adds a rapid compression to 165 fsw (50 msw) for 30 minutes to a Table 6. The pressurization to 165 fsw (50 msw) provides additional bubble compression in an effort to reestablish circulation quickly to occlud­ed vessels in the brain. If symptoms resolve within 30 minutes, the patient is decompressed to 60 fsw (18 msw), where treatment according to Table 6 is begun. If in the judgment of the treating physi­cian additional treatment at 165 fsw (50 msw) is required, the patient can be held at the higher pressure for up to two hours and decompressed on treatment Table 4. Treatment Table 4 is a long air breathing table requiring 38 hours, 11 minutes to complete, and as mentioned above, is sometimes started in the event additional treatment is required at 165 fsw (50 msw) during a Table 6a. Rather than following this table throughout, when it is used, it is common practice to decompress to 60 fsw according to the table and then to switch to a Table 6 at 60 fsw (50 msw). Decompression can then proceed via Table 6 with all appro­priate oxygen breathing extensions to the surface. In certain specially equipped facilities, enriched air ("nitrox") and heliox mixtures, designed to maintain a PO2 of 2.8 ATA (40% oxygen) are used at 165 fsw (18 msw) to reduce the amount of additional inert gas loading during treatment. Treatment table 7 is shown in the Figure 5 below. This table is used only as a last resort, when the severity of the symptoms are such that residual impair­ment or loss of life may result if the cur­rently prescribed decompression from 60 fsw is undertaken. Examples include complete paralysis of limbs, coma, and/or loss of spontaneous respiration. It should not be used for residual symp­toms such as changes in sensation termed paresthesia, limb weakness where 

the patient can move the limb against gravity, or when loss of bladder control occurs without limb paralysis. These symptoms often respond to repeated daily hyperbaric oxygen treatments according to treatment Tables 5 or 6. As can be seen from the figure, treat­ment length is at least 48 hours. Such lengthy treatment requires a special facil­ity and adequate personnel to support such treatment. In general the treatment chamber should be a multiplace chamber with both inner and outer locks to allow personnel to enter or leave the chamber and supplies to be locked down to the divers. Because of the extensive and slow decompression required, a life support system or air supply system and an appropriate back-up are needed to sup­port this table. Loss of air supply and the need to return to the surface will result in recurrence of bends, usually with worsening of symptoms and the develop­ment of bends in the patient's atten­dants. 
OXYGEN TOXICITY Oxygen toxicity may develop during treatment, particularly when the oxygen treatment tables are used. Toxicity may take two forms: 1) central nervous sys­tem toxicity and 2) pulmonary toxicity. Warning signs of CNS oxygen toxicity include tunnel vision; abnormal ringing or roaring sounds in the ears; nausea; muscle twitching, usually in the lips or face; dizziness; and change in behavior, including confusion, though these can­not be relied on; CNS toxicity frequently occurs without warning. If oxygen breath­ing is continued, a generalized seizure will occur. For the resting chamber patient, CNS oxygen toxicity is unlikely at depths of 50 fsw (15 msw while breathing pure PO2 =2.5 atm) or shallow­er, and extremely unlikely at depths of 30 fsw (9 msw) and shallower. If signs of CNS toxicity develop, oxygen breathing is stopped, and the patient is allowed to breathe chamber air. Oxygen administra­tion can be restarted 15 minutes after all symptoms have resided. Pulmonary oxygen toxicity is mani­fested by symptoms of chest discomfort and burning, particularly on deep inhala­tion. It is the result of lung irritation as a result of breathing oxygen with a partial pressure above 0.5 atm.-equivalent to breathing 50% oxygen on the surface for prolonged periods of time. Generally, the administration of a single treatment Table 6 does not cause pulmonary oxy­gen toxicity unless a significant amount of oxygen was breathed during the previ­ous dive or during transport for treat-
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ment. It is rarely a major risk factor, nor does it usually require action when it does occur. 
RECURRB\ICES Recurrences of symptoms or worsen­ing of incompletely resolved symptoms may occur during the decompression phases of treatment, or shortly after treat­ment is completed. This happens most frequently after treatment Table 5. For recurrences during treatment, the patients should be recompressed to the depth from which decompression had begun, usually 60 fsw for Tables 5 or 6. The table is then either repeated at that depth, or an alternate more conservative treatment schedule is selected (i.e., treat­ment Table 6 instead of Table 5, or treat­ment Table 6 with extensions). 
ADJUNCTIVE THBIAPY Many bend patients are dehydrated from water loss due to immersion or from tissue swelling caused by the disease process. Most bends patients will benefit from hydration. Conscious individuals may take fluids by mouth, but those who are severely ill or unconscious will require intravenous therapy. Steroids have been used often in an attempt to reduce CNS edema in severe cases of spinal cord DCI, but they do not seem to be helpful. Similarly the use of other drugs, such as aspirin, to reduce platelet adhesiveness and the tendency of blood to clot have been proposed, but none of these have been conclusively shown to be helpful. In fact most research has indicated that for most of these thera­pies to be useful in preventing the sec­ondary effects of an illness, they usually must be given prior to the initiating event. 
RESmUAL SYMPTOMS When the time from the onset of symptoms until recompression is begun is long, DCI symptoms often will not resolve completely during initial treat­ment. Residual symptoms may be treated by once-daily administration of treatment Table 6 or twice-daily therapy on treat­ment Table 5 as long as improvement is achieved. Some further resolution of symptoms may continue once treatment is terminated. However, in severe cases­especially of spinal cord involvement­complete recovery cannot be assured. 
R.YftG AFlBI TIIEATM:NT Current U.S. Navy recommendations are that divers not fly for 24 hours after treatment for pain-only DCI where all symptoms were resolved; for 48 hours for 
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neurological DCI with complete relief; and for 72 hours when Table 4 was used, or when the diver has residual symptoms from treatment. When evacuating a patient to a treat­ment facility, or immediately after com­pleting initial treatment, the individual should be flown in a plane that can be pressurized to 1 atm or as low as possible in an unpressurized aircraft. 
CONCLUSNIN This article describes U.S. Navy prac­tices in the treatment of decompression illness. Although tables used by other navies and diving organizations may vary, many are similar to those described above. Also, the educated diver will real­ize that much of the data, upon which these procedures are based, is empirical; many of the recommendations e.g. flying after treatment, come from physicians rather than from a carefully conducted research study. As a result, the recommen­dations contained here may change as new information is obtained. The experi­enced diving physician should apply them as most appropriate for the individ­ual case; the exact treatment given an individual diver may vary, and of course, if in doubt, should seek out appropriate expert help. 

Dr. John Zumrick is an active cave diver and practicing anesthesiologist with the U.S. Navy. Prior to serving his residen cy at Bethesda Naval Hospital, he served as a medical offi.cer at the Navy's Experimental Diving Unit in Panama City, Florida. He can be contacted at: 1588 Chain Ferry Way, Orange Park, FL 32073. 

Using Heliox to 
Treat 
Decompression 
Illness by Phillip James 

The evidence that air therapy is unsatisfactory in the treatment of decom­pression illness after air dives, was first reviewed by the U. S. Navy (Rivera) in 1964. By this time, the Navy had become involved in the treatment of sport divers, and characteristically, there were often long delays after an incident before treat­ment was instituted. The failure rate for 

"long air tables," USN 3 and 4 was found to be 46%. This review revived interest in the use of pure oxygen in therapy pro­posed by Behnke and Shaw (1937) and led to the development of minimal oxy­gen breathing recompression tables by Goodman and Workman. The tables, des­ignated USN 5, Sa, 6, 6a were incorporat­ed into the first subsequent revision of the US Navy manual released in 1970 (see previous arti<de). However, experience with these procedures between 1965 and 1969 had already shown that breathing oxygen on recompression to 60 fsw (18 msw), could on occasion paradoxically be associated with worsening of symptoms, including increased pain or even the development of neurological symptoms. It could be interpreted that this indicated the need for deeper recompression and the manual called for further compres­sion to 165 fsw (SO msw) on air followed by a USN Table 4. However, this was clearly unsatisfactory as it had already proven to be the less effective procedure. Never the less, this recommendation is still current. Following problems in the U.K. with divers with unresolved decompression ill­ness at 165 fsw (SO msw), marginally suc­cessful attempts were made to introduce nitrox saturation techniques. These were based on initial decompression from 165 fsw (SO msw) for two hours. The initial decompression was then to 100 fsw (30 msw) with the introduction of pure nitro­gen to lower the partial pressures of oxy­gen to normoxic levels (PO2=0.21 atm). After a hold period, a nitrox saturation decompression was then suggested. However, in commercial diving, switch­ing to heliox in difficult cases was proving very successful. The option of using heliox 20/80 (20% oxygen, 80% He) had been strongly recommended in US Navy manu­als, dating back to 1958 for serious cases, recurrence of symptoms, and when the patient had difficulty breathing. Unfortunately, although the option has never been withdrawn by the US Navy, experiments involving gas switches in the 1970's caused concern about the proce­dure. These experiments rose from studies of breathing resistance in which a denser gas was breathed by saturated divers in a heliox environment (Blenkarn et al 1971). This phenomenon, later named counter­diffusion, causes supersaturation artd bub­ble formation when a tissue loaded with a dense, slowly diffusing gas is exposed to a lighter, rapidly diffusing gas. Subsequent evaluation of the experi­mental data from switching gases indicat­ed that switching from air to heliox for therapy was in fact, safe, because of the 

undersaturation produced by the recom­pression which is performed in making the switch. However, the opposite case, that is, the recompression of serious cases involving oxygen-helium dives on com­pressed air beyond the pressure where pure oxygen can be breathed has been known to be fatal on at least one occa­sion Oames 1991). Recent experimental observations on the behavior of bubbles on decompres­sion from air dives, has shown the advan­tages in bubble elimination from breath­ing heliox (Hyldegaard and Madsen 1989). In experiments in rats, bubbles in fat produced after an air dive always shrank when heliox 20/80 (20% 02, 80% He) was breathed. Further experiments in the same series have also shown that oxy­gen can behave paradoxically, and result in the transient expansion of bubbles before they begin to shrink. The current US Navy recommenda­tions regarding the management of divers deteriorating at 60 fsw (18 msw) while breathing oxygen are confusing. From the advice given, it is not clear if recompres­sion should be undertaken to 165 fsw (50 msw) or that divers should simply be taken off oxygen and remain at 60 fsw (18 msw) for a minimum of 12 hours. This holding procedure and subsequent decompression has been designated USN Table 7 (see previous article), and it is stated that this treatment should be reserved for life-threatening situations. It is surprisingly recommended that divers with unresolved neurological symptoms should be decompressed on Table 6 and then have daily hyperbaric oxygen thera-

py. This clearly indicates that therapy is being directed at oedema rather than the presence of gas. The treatment of decompression ill­ness, including gas embolism arising from pulmonary barotrauma must be based upon a proper understanding of the pathogenesis of the diseases. Although initially, events are dominated by the physical effects of bubbles, these initiate a cascade of growing complexity as alter­ations in vascular permeability and the release of vasoactive substances soon complicate events. The clinical and exper­imental data now available from research in the U.K. and elsewhere suggests that recompression to 100 fsw (30 msw) breathing heliox 50/50 is an optimum therapy for the treatment of decompres­sion illness in both air and heliox diving, for difficult cases or when oxygen treat­ment at 2.8 atm is not effective. It is now standard practice in many commercial diving companies to use the 7.5 hr "Cx-30" table (Comex, 1986) for serious cases of decompression illness. 
Dr. Phillip B. James is a senior lec­turer in Occupational Medicine at the University of Dundee, Scotland, and serves as a consultant in hyperbaric med­icine to companies such as Stolt Comex Seaway Ltd., Ocean Technical Services Ltd. Elf Aquitaine Diving Ltd and others. 

He can be contacted at the: Wolson Institute of Occupational Health, Ninewells Medical School, Dundee DDl 9SY, Scotland. Fax: 44-382-645748. 

CX-30 Table(Comex, 1986)

• 
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The Comex 30 Table, which uses heliox 50 (50% 02, 50% He), is intended to treat acute neurological decompression illness following a nor­"lal decompression after an air, enriched air or helium mix dive. 
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Treating 
''Mix'' 
Bends 

Over the past year, there has been considerable confusion and misinformation, regard­ing the treatment of decom­press ion illness resulting from non-air "mix" dives. We offer the following med­ical opinions to address this unfortunate situation. 

Photo by: John Comly 

RE: Treating Enriched Air ("nitrox") Divers FR: Dr. R.W. Hamilton 
Oct92. "This fall the Cayman Islands Watersports Association published a report with some dangerously incorrect infor­mation. As a physiologist, I want to try to correct the Cayman Islands misconcep­tion about treatment before somebody gets hurt." 
"The dangerous misconcep­tion is that a diver who may incur decompression illness as a result of a dive using enriched air (called "nitrox" by some) cannot be treated using standard oxygen-recom­pression procedures such as the USN Table 6. This is wrong. The treatment will work just as well following an enriched air dive (or a "trim­ix" or heliox dive for that matter) as for an air dive. It is 
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the method of choice. I sub­mit that no qualified diving doctor would disagree with this point." 
"For the record, it appears that the issue revolves around the extra oxygen exposure result­ing from enriched air diving, and the potential for "whole body" (or lung) oxygen toxici­ty should treatment be need­ed. For the "recreational" exposure to enriched air, the extra oxygen dose is trivial; its effects would be entirely obscured by the large varia­tion in sensitivity among indi­viduals." 
"For the unlikely combination of a larger "commercial" type of exposure, and an unusually difficult treatment, the doctor 

might have to take lung toxic­ity into account during the treatment, but such manage­ment of oxygen exposure is a normal part of hyperbaric oxygen therapy." 
R. W. Hamilton 

TO: Dr. Steve Lombardo, Staten Island, NY RE: Treating Trimix Divers FR: Dr. C.J. Lambertsen, University of Pennsylvania Medical Center 
Jan92. "I have your note of 19 December 91 concerning bends in trimix diving. The best I can do for you is to say that there is no useful infor­mation of the type and amount that would allow dis­tinctions among character and therapy required for treating 

air, nitrox, heliox or trimix. Moreover, it is physically and physiologically not conceiv­able that mechanisms of bub­ble formation or effects of gas bubbles would differ. The dif­ferences would be in details of prevention, using appropriate models of gas exchange and bubble dynamics." 
TO: Capt. Thalmann FR: Surg. Capt. Pearson, Royal Navy RE: Trimix Diving 
Aug92. The Royal Navy car­ried out several hundred man­dives on what we called "trim­ix" in the late ?O's early 80's. I realize that the word "trimix" has been applied to a variety of breathing mixtures but in 

problems compared to the well known problems of using helium mixes as suit inflation gases. See, "The Case For Heliox," by Dr. Bill Stone, aquaCorps Journal n4, "MIX. 111992-ed.). 

Initially, a lot of dives were carried out at the Deep Trials Unit (DTU) using the trimix 20/40 to establish the maxi­mum upward pull which could be carried out after 25 min. at 80 msw (Bottom mix PO2=1.8 atm). This rather strange experiment was aimed at providing basic information for a mathematical model. From there, a number of wet dives were carried out which suggested that a PO2 of 1.8 bar at 80 msw was too much and a decision was made to go to a trimix 18/41 (PO2=1.62 

our case it was either a trimix atm. Note full face masks and 20/40 or 18/41 (02%, He %, helmets were used-ed.). The bal. NZ). Our intention was to tables being developed relied produce a gas mix for surface on a switch to pure 02 at 15 supplied mine countermea- msw (50 fsw)-later cut back sures diving in the 54-80 msw to 12 and then 9 msw ( 40 (180-265 fsw) range which and30 fsw). We eventually could be used from small ended up with decompression inflatable craft. Trimix was times that were shorter than chosen to avoid the need to heliox tables but a little longer use a speech unscrambler, than the deep ( beyond 50 reduce nitrogen narcosis and msw or 165 fsw) air/oxygen to cut down on the respiratory tables which were then in the heat loss associated with Royal Navy Diving Manual. heliox which, in the case of divers using passive thermal After the wet dives at DTU, protection, would probably three of four periods of sea-tri­have been quite limiting, bear- als took place in the Clyde ing in mind we were looking area. I should add that all for 25 minute bottomtimes at dives were carried out in 80 msw (265 fsw) followed by accordance with comprehen­in-water decompression of sive protocols and the sea-tri­about 75 minutes (Note that als required a heliox compati­there is some debate as to ble chamber at the surface to whether breathing open circuit allow immediate treatment. helium mixes on short bounce Our treatment protocol did dives in the 200-500 fsw (60- allow the use of heliox for 
150 msw) range creates thermal 'blow-ups' and refractory DCI. 

As far as I remember, we had response to recompression about 15 cases of DCS all but was rapid and full. one of which were "joint pain only." The majority of The sea trials resulted in these came from the early tri- about five "pain only" bends als at DTU and were all treat- and a possible neurological ed with RN TT62. (USN Navy bend. All occurred some Treatment Table 6) with hours a fter decompression recompression to 18 msw (60 but were treated quickly and fsw) on 02. I do not remem- had a uni formly good ber any unusual problems response to recompression. with these cases and there Once again, the RN equiva­was nothing unusual in their lent of USN TT6 was used. presentation. The early trials The main problem revealed by did result in one case of cere- the trials was 02 toxicity occur­bral arterial gas embolism ring during the in water stops although this was a retro- despite switching at shallower spective diagnosis and it was depths and making a fairly originally thought to be case gradual transition to 02 breath­of neurological DCI. It was ing. This led us to wonder also treated on the equiva- whether trimix had any pre­lent of a USN TT6. Again, the disposing effect, but I suspect 

0 
0 

0 0 

part of the problem was too much dead space in the hel­mets (possible CO2 build-up­ed.) due to poorly fitted lin­ers. 
(Note that in light of recent thinking, see,  "Rethinking Oxygen Limits," by Dr. R. W Bill Hamilton, technicalDIVER 3.2, Fall92, this experience sup­ports the contention that a working PO2 of 1.6 atm for 25 min., in a possible high CO2 environment, followed by in­water 02 at 9 msw (PO2= 1.9 atm) is excessive, read high risk, from a CNS toxicity clock perspective. The thinking today is to run the working phase of the dive at a PO2 less than 1.5 atm.-ed.) 

In conclusion, we did not uncover any problems as far as the presentation and treatment of DCI was concerned (italic­ed .) and this is, as far as I know, the experience of the French Navy who dived a sim­ilar mix for a few years. I would add that this is not a mix to be used by sport divers for a number of reasons and, as I mentioned earlier on, it does not have any particular advantages in the less than 50 msw (165 fsw) range. 
Special thanks to Drs. Hamilton, Lambertson and Capts. Pearson and Thalmann for allowing us to reprint these materials. 

You•d think oxygen 
1111as a d•ug 
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Interview With Lad Handelman 
by Michael Menduno 

Growing up in Mt. Vernon, New York, 
under the shadow of Yankee Stadium, 16 
year old Lad Handelman left a question­
able future in the Bronx to move west 
and become a California abalone diver 
under the tutelage of his "Uncle Jimmy." 
In five short years, as a hard working 
diver, Handelman made the ranks of 
California's "Black Fleet" abalone divers, 
and in 1962, was invited to join General 
Offshore Divers, the first helium diving 
company in the U.S., organized by vision­
ary Dan Wilson. Having pioneered com­
mercial "oxy-helium" (heliox) diving tech­
niques, the company was acquired by 
Union Carbide two years later, and 
renamed Ocean Systems. 

In 1965, chafing under the thumb of a 
corporate parent, Handelman and a few 
of his abalone partners left to form Cal­
Dive, at a time when "oilfield" diving was 
a glamour industry and some of 
America's premiere corporations had 
moved in for a piece of the action.Why 
would a multinational oil company hire 
an upst art group of form er abalone 
divers over the likes of Westinghouse, 
International Utilities or Brown and Root? 
As one of the principal divers, and Cal­
Dive's sole salesman, Handelman, and 
his partners asked that question a lot 
that first long year until Humble Oil gave 
them their shot. After that, they never 
missed a lick. 

Offshore diving was becoming an expen­
sive proposition in the "go-go" late six­
ties as bell diving and saturation tech­
niques became the order of the day. 
Strapped to build bells, with annual sales 
mounting U.S.$600,000, and the heady 
lure of three corporate buyout offers on 
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the table, cash-hungry Cal-Dive, took a 
leap of faith-or perhaps it was just plain 
tenacity-and on the advice of Can-Dive 
partner, Phil Nuytten, told its suitors to 
"go fly a kite." 

Within sixty days, Cal-Dive changed it's 
name to "Oceaneering International," 
and with the help of Mat Simonds of 
Simonds Associates, now a leading oil­
field financial services group, raised U.S. 
$350 thousand. With Handelman as its 
CEO, Oceaneering, soon joined by Mike 
Hughes and Worldwide Divers, eventually 
went public, growing to U.S.$52 million in 
1975, operating worldwide in over 24 
countries. More challenges. 

In 1978, after a severe downturn in the 
oil industry and fall in Oceaneering's 
profits, Handelman had a falling out with 
his Board of Directors who wanted to 
cash out the company. Though he lost his 
battle; he won the war and Oceaneering 
International, the world's largest diving 
company, has remained an independent 
to this day. However, in the resulting 
shoot-out, Handelman was forced to 
leave the company. Others left voluntari­
ly. Less than a year later, Handelman and 
several of his ex-Oceaneering diving 
executives, resurrected Cal-Dive, build­
ing it to U.S. $16 million in sales before 
selling it to Diversified Energies Inc. in 
1983 on an "earn out" basis. 

Two years later, Handelman, broke his 
neck in a skiing accident. Confined to a 
wheelchair since, Handelman, father of 
three, has been a prime mover in a num­
ber of diving business and charitable 
ventures from his base in Santa Barbara, 
California. M2 

Lad Handelman at home in Santa Barbara, California with his three children, Jim, Laurie and Roy. 

c: You got your start in abalone diving back in the early sixties when you were only 16 years old. It must have been hard work? LH: The top divers in those days could pick their day's catch in about maybe five, six hours in the water. A good boat might pick a hundred dozen a a day. That was the limit. 
My first set-up was a 16 foot skiff with a 10 horsepower outboard motor, a garden hose, a bronze Widoff mask, a rubber suit, boots with iron plates bolted on to galoshes, and about a two-pound machete to cut the kelp and pry off abalone. As a beginning diver, I would spend 8 to 10 hours under water, and probably would pick anywhere from 15-20 dozen. It wasn't that easy for me to figure out what it was all about, but that's where just plain hours in the water pays off. 

a/c: How long did you work as a diver? LH: I spent about five years as an abalone diver and eventually made the grade in the major leagues, so to speak, and became a member of the Black Fleet. The Black Fleet was the premier group of divers in California in those days, the scourge of the industry. Interestingly, the most successful commercial abalone divers were even­tually to make up the ranks of most of the large major offshore diving contractors in years to come-people like Danny Wilson, Murray Black, Whitey Stefens, Jerry Todd, Bob Kirby, Bev Morgan-to name a few. 
a/c: Offshore was pretty competitive. LH: Yeah. It sorted out the real serious competitive divers from the would-be divers. 
a/c: How did you get started offshore? LH: Because of the reputation I had made for myself as a hard-working abalone diver Danny Wilson asked me to join him in the first helium diving compa­ny, along with Whitey Stefens. The company was named General Offshore Divers. Even though I had no mechanical knowledge or experi­ence at all in the oil patch, he reck­oned anybody that could pick more · abalone than him couldn't be all bad.He had thought he was the greatest.

Dan had the vision and imaginationto connect the use of oxy-helium(heliox) to making money in the oilpatch. He was the very first one whoseized on the idea.
a/c: What was the motivation to start working with helium mixes? LH: Two things. First of all, a company called Associated Divers, the "King Kongs" of oil field diving were getting 

100% of all the deep-water work. Nobody else could get in the busi­ness. They had a monopoly and were capable of diving air to 250 fsw (7 5 msw). They were all incredibly com­petitive and efficient divers and could handle air at those depths. 
In those days, no one was taking newcomers. So to be able to leave the abalone industry and progress career and achievement-wise, and be com­petitive again with the group I admired, using a new fangled idea, seemed pretty special. No one else was offering oxy-helium, in fact, Associated prided themselves on div­ing on air, but the oil companies' goals couldn't be met. 

a/c: For deeper work? LH: There was work at deeper depths and a need for more effective work at depths in the range of 180 fsw (54 msw) and beyond. The top guys were pretty limited on air. They could only put in about 22 minutes bottom time at 250 fsw (76 msw), and even though they got the work done, it took a lot of dives to do a job. In comparison, in a one hour of oxy­helium dive, (an hour bottom time) we probably achieved more work than three other divers. Far more. Not only did we have three times the bot­tom time, but we could work doubly hard from a ventilation perspective without the adverse effects of narcosis and CO2 level build-up. We didn't need to be better divers; we had the helium advantage. 
a/c: Were you using standard breathing equipment? LH: One of Danny's key inventions was to put a demand regulator system inside the hardhat. It was the first of its kind. That's what he brought to the table. It was the only way to afford the gas. Without a demand regulator, it would have taken four to five times as much gas to do a dive, which would have meant we'd use up a whole ship load to get a job done. 
a/c: What about tables? LH: The only information available at the time was the U.S. Navy Diving Manual. We learned straightaway that the U.S. Navy Tables weren't sufficient for commercial work; we had a lot of worries about the in-water oxy­gen and got various levels of bends after every dive. 
a/c: Ouch. Were you operating with a chamber? LH: Yeah. We had a full dou­ble-place chamber and a five-man crew backed 
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by standby divers and so forth. I'd say we got bent two dives out of three. 

The top guys were pretty limited 
on air. They could only put in 
about 22 minutes lJottom time 
at 250 fsw (75 msw), and even 
though they got the work done, it 
took a lot of dives to get the job 
done. 

a/c: So how did you actually work out your tables? LH: I'm a little ashamed to have to explain that for this particular article, because the point I wanted to make is to be conservative, and warn people what not to do. So having said that, it's hard to talk out of the other side of my mouth and say, we made our­selves guinea pigs. 
We had a chamber hooked up in our dive shop and whenever we had the chance in between jobs, we tried dif­ferent ideas, different mixes-the whole works-in the shop chamber. Then we'd go on the job and try it. We experi-enced all sorts of interes t ­ing  inci­dents in t h e p r o c e s s ,  but eventu­ally worked out what we considered to be a far safer, far more reli­able way of using 
0 X y -heli-
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um than the Navy Tables. We never could have made it with the Navy Tables and procedures. 
a/c:In those days, you couldn't just ring up a "decompression guru" and have them cut you a set of tables? LH: Exactly. But keep in mind, we weren't a bunch of wild-ass divers doing this just for the hell of it. We were very serious about our work and very concerned about our safety. We felt the approach we took was as safe as possible under the circum­stances. There were a lot of opera­tional issues to deal with. 
a/c:Like what? LH: Cold for one. And oxygen. The prob­lem was that with water tempera­tures in the low to mid S0's (10-12° 

C), we were cold after an hour's bot­tom time and we still had another two-and-half-hours to spend in the water (Note that the early hardhat sys­tems did not utilize a neck dam, conse­quently the breathing gas, in this case heliox, was pumped directly into the suit, creating signifi.cant thermal chill­ing-ed.). Originally, we would stay on gas until 40 fsw (12 msw) as called for on the USN tables and then go on oxygen. By that time you were frozen to death, your mouth was numb on the regulator and you had to worry if you were going to get oxygen poisoning or blow yourself up. The challenge was to work out an appropriate set of procedures; gas switches, decompression, and ther­mal wear that would work. 
After the first half year of freezing in the water, we learned to switch to air at our first or second decompression stop; then we could go on full venti­lation, get off the regulator, lean back and relax and thaw out. It was like taking a hot-tub after being on oxy-helium. It was very comfort­able-that different. Eventually, we eliminated oxygen in the water alto­gether for fear of grease in the hoses, and contamination from oil-pumped air. We happily lengthened our decompression tables so that we could stay on air the entire time. Later on, we refined our procedures to be able to use nitrox mixes (enriched air "nitrox") as intermedi­ate gases. Understand that this was still in the early days before bell div­ing and deck decompression became standard practice. Eventually the industry moved to saturation diving for deep work but it takes a massive amount of equipment-SO tons on deck -to make one saturation dive. 

a/c:It sounds like it was a 'risky business' in those days. 

But the reason we originally took 
the risks we did was because 
there was oo other choice. There 
was oo book to go to, oo expert 
to go to to provide us with a way 
to get the work done, other than 
what wedid. 

LH: It was. But the reason we originally took the risks we did was because there was no other choice. There was no book to go to other than the Navy manual, and no expert to pro­vide us with a way to get the work done other than our own trial and error. Of course, having said and done that, you should understand it was not a continuing policy. A com­mercial diving company can't have that kind of policy if it is going to offer the people that come along a safe place to work. And that goes for the type of equipment, type of proce­dures, type of work they take on­the whole works. Insurance becomes the major concern if you want to stay in business. You have to have insurance. That drives companies. 
a/c: You must have faced a real insurance problem when you started diving helium? Would anyone insure you? How about liability issues? LH: In the very early days, we worked as self-contractors. We all were partners in the company, and we didn't have the insurance coverage that would be standard today. We were not only pioneering diving techniques, we were pioneering how to be in the diving business. Nowadays that wouldn't fly. In those days there wasn't anything else around. Companies like ours were "the only girl in town" and the oil companies had to live with whatever they got. Eventually, our company, General Offshore Divers, was able to virtually knock Associated Divers out of the box. 

Later, when we started Cal-Dive in 1965, it was the same thing. The principals in the company were the divers and as principals we didn't have to be covered by "company insurance". We took our own risks and were exposed individually. Eventually we built up a sufficient 

We were not only pioneering 
diving techniques, we were pio­
neering how to be in the diving 
business. Nowadays that 
wouldn't fl.y. 

record to where we could obtain insurance. Then, once we got to be a little larger company and the work had to be undertaken by non-princi­pals, we had to obtain insurance to cover those people. Of course by then, the conglomerates were in the picture with unlimited resources and insurance and Cal-Dive was at a real disadvantage. 
a/c: Let's talk about the differences between commercial and sport div­ing. What is commercial diving all about? LH: I'll define my sense of commercial diving. You're down there to do a job for pay. You involve other individuals with your project including company support-divers and crews. You work for a client whose got plant and equipment, whether it be an oil plat­form or a dam. He's got his assets at stake. You don't have the liberty or freedom to exercise much in the way of personal desire or personal risk-tak­ing for the sake of your own sense of achievement because you're responsi­ble for too many things aside from your own individual desires and pur­poses. You're part of an overall com­mercial picture. One mishap on your part can bring the farm down. They're not paying you to do that; they' re not paying you to go out there and be a hero, take any chances, or try to prove anything. They simply want a job done in the most risk-free, efficient way possible. That's what it's about. If you don't like that, then you shouldn't get involved in the business. 
a/c: What about the divers themselves? What motivates a commercial diver? LH: Very often people become a commer­cial diver because they simply don't fit in the regular working world. They don't aspire to be involved in corpo­rations or organizations; they don't want to conform. They like the idea of working in a capacity where they can be more individualistic, like the commercial abalone or sea urchin diver whose got his own boat. To some extent, the top oil field and construction divers share that. Their reputation lets them call their own shots to a large degree. 
a/c: What about love? Is it the love of div­ing? Is there something about the environment that draws them, or is it just a job that pays good money? LH: I don't think it's love of diving per say. It's the love of not being strapped to a nine-to-five office job. It's a love for independence. Challenge. A free­lance diver is a very independent ani­mal. If he's really good, he can find work around the world, make a lot of 

money in a short time and then do what he wants. It's a lifestyle that appeals to that kind of individual. You see exotic places, meet exotic women, you have more than your share of fun and adventure. 
a/c: Are there many women involved in commercial diving? LH: No, not on the jobs. But you find yourself in places like the North Sea or working out of Singapore or Thailand and you make your time count when you're on the beach. That's the type of lifestyle that attracts young fellas to want to be in commercial diving. Of course, the top divers also have an opportunity to get their own companies going or become a partner in a company. 
a/c: In the sixties, mix and saturation techniques represented the leading edge of commercial diving, what are the "hot" areas of development today? LH: With the development of saturation diving, I think it's been fairly well sorted out as to how to best go about achieving work at depths to 600, even to a 1000 fsw (184-306 msw) (Note that 350 msw working dives represent the deepest commercial working dives being conducted today-ed.). We've thrashed out most of the procedures and have evolved a system that's insurable, acceptable to our clients, and consistently works as far as our divers and people go. There's not a lot that can be gained for a company to try to revolutionize it. Of course, there's going to be refinements made, but I don't see any revolution on the horizon at these depths. Even if the potential was there, most companies 

Successful companies analyze 
a job and the inherent risk of 
it and then find a way to 
break that job up into safe 
pieces. With the right equip­
ment and qualified individu­
als and procedures, the work 
can be done successfully. 

would do better expending their ener­gies, not in revolutionizing, but in doing a better job and reducing costs. The "hot" area , if you will, is the continuing development of unmanned diving systems like remotely controlled vehicles (ROV), one atmosphere suits, and other engi­neering approaches to accomplishing the work. 

a/c: Will machines eventually replace divers for deep work and other tasks? LH: As time goes on, it seems that machines keep improving in their ability to perform the work more reli­ably even if not as quickly, even if not as extensively. In the future it's likely that more and more work will be done by machines because no one wants to see an individuals' health and safety risked. In fact, it's happen­ing now. 

I'm not saying that for the most 
part, good scuba. divers can't do 
jobs safely. But the inherent 
nature of scuba. irwites problems, 
incidents where the chain of 
events gets out of control and 
result in a fatality. The ingredi­
ents of a limited gas supp"ly, no 
communications and no tether 
on a complex job site are like 
mixing nitro and glycerin. 

a/c: You've mentioned the word "safe" a number of times. What is "safe" in commercial diving? Obviously being down at 600 fsw (184 msw) or work­ing with heavy equipment is a "high­risk job." What is acceptable risk in commercial diving? LH: That's impossible to define. I could say that beginning in 1965, Cal-Dive went five years straight without a sin­gle fatality or injury, and we had an outstanding record at Oceaneering as well. We tackled many, many types of jobs and many types of extreme con­ditions. So I think you can say that it's possible even in a very hazardous industry to adopt a very conservative approach. That comes from turning down certain kinds of work or refus­ing to work under certain conditions, not being bullied by the customer into doing things to where your risk level is beyond your reasonable con­trol. Successful companies analyze a job and the inherent risk of it and then find a way to break that job up into safe pieces. With the right equip­ment and qualified individuals and procedures, the work is done success­fully. 
If the work appears to require things beyond the reasonable control of the diving crew, then it's the duty of the diving superintendent to refuse to do that job. A diving company's policy, set by the CEO, the executives and the board of directors, is to recruit qualified superintendents and pro­vide them with guidelines that dictate 

aquaCorps Journal 43 



in broad terms how they should han­dle onsite operational decisions. It's his job to reject any work, if need be, before risk levels get out of control and that means never exposing a diver to unreasonable risk. 
a/c: Safety is becoming the primary con­cern in the technical diving commu­nity. What are your feelings about safety in self-contained diving? LH: I guess I'd go back to your earlier question; what's the difference between sport divers and commercial divers? I'd say a very fundamental dif­ference is one that most sport divers would take exception to. Years ago, as Oceaneering's CEO and President, I issued a mandate outlawing scuba diving. We simply wouldn't do any scuba diving anywhere under any cir­cumstances. 
a/c: Why was that? LH: Our experience was that we had fatal­ities and injuries when scuba was used, even under seemingly good conditions, compared to the thou­sands of hours on hose with no inci­dents. As CEO, I simply couldn't justi­fy even one fatality that could have been avoided. 

The turning point for us was when we acquired Divcon and had several scuba fatalities in a single twelve month period. Like most of the com­panies in those days, Divcon used scuba gear for a lot of their shallow projects and organized their jobs around it. In each case, the investiga­tion revealed that if surface supply had been used we wouldn't have had a problem. 
I'm not saying that for the most part, good scuba divers can't do jobs safely. But the inherent nature of scuba invites problems, incidents where the chain of events gets out of control and result in a fatality. The ingredi­ents of a limited gas supply, no com­munications and no tether on a com­plex job site are like mixing nitro and glycerin. 
I remember one incident, we had a diver in .10 fsw (3 msw) of water who got hung up on a fish net during a pipeline job. Some fishermen had left a net and top-side didn't know about it. The result was he ran out of air and drowned. 

a/c: No communications to be able to say, "I'm in trouble here; I'm tangled". LH: It was a major event. It happened in the Escravos River out of Warri, Nigeria. I personally went up there and investigated the incident. It took two-and-a-half days. Later I had to 
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explain all this to hi� family. That was painful. Similar incidents happened a number of times. 
After a few of those investigations, and having the job of explaining what happened to the families, and having to attend funerals, has a per­sonal impact. You get more hard­nosed and say, "No more scuba. 
Period". The benefits of using scuba on the rare job when it could be used safely were outweighed by its inher­ent risks and our inability to exercise control as to when it would be used. So we pulled it. 

a/c: Today as you know, technical divers are greatly expanding their diving ranges using mix and other technolo­gies. What would you say the major risks are? LH: Of course the obvious risk is running out of gas before you can get up. Or finding yourself in a situation where you don't have enough supply to take your proper decompression before you have to surface. So the risks range from bends, being paralyzed, to drowning, being killed- all of the above. Those are just the obvious basic risks. And I guess when I think about that, I ask, "what is justification 
for taking such risks?" That's number one. Number two is, "what is being 
done to mitigate these risks?" And num­ber three, if one finds a way to justify 
Maybe special dive clubs can 

be formed to undertake these 
kinds of dives, and maybe 
these clubs will develop and 
self-impose their own set of 
policies and procedures, and 
share them with others. 

and mitigate those risks, you have to ask, "how well can you go about it, with­
out in good conscience, knowing that you 
might infl.uence someone else coming 
along right behind you, who doesn't have 
the same appreciation you do for the 
whole situation, who will attempt the 
same dive and get killed." That's where I see the problem coming in. Not that there aren't exceptional individuals who understand all this, prepare themselves accordingly, and can do it in a manner equal to any professional commercial diver. I gotta believe there are many individuals who are easily up to that challenge. My concern is not the exceptional individuals, but others around them, who see that and automatically think, "Well if he 
can do it, I can do it, too." And then go out on their own, try to duplicate it and get killed. 

a/c: Some time ago, I had an opportunity to speak to Dr. Carolyn Fife, who had run a major scientific archeology div­ing project in Turkey. Her group had logged about 10,000 air dives in the 160-180 fsw (49-55 msw) range, with20-25 minute bottom times using 02decompression. When I asked herabout the project she told me, "Sport
divers shouldn't do these kind of dives."And I said, "Why not? Your people do."
"That's different," she said, "We're
doing it for science."

At one point when we were talking today, you said, "That's different 
because it's their job." What about the dedicated technical diver, who's not doing it for "science," or "money," but rather for their own personal rea­sons; the joy, the experience, the challenge, love. Does that make it any less valid in your eyes? LH: I think that an individual has a whole different opportunity because he is involving only himself. He's not part of a large commercial structure. If he chooses to take certain risks or get killed in the process, that's his indi­vidual choice. If that same person were put in the job of being responsi­ble for the lives of many divers, I'm sure he would look at things differ­ently. As an individual, I might elect to do things very differently than I might as part of a commercial organi­zation. It's not whether it's right or wrong, it's what's surrounding the choices. 
I think there's probably ways you could apply the conservative and overly prudent commercial attitude to scientific or sport diving, and end up with a compromise. It may be more time-consuming; you may have to have more reserve supplies of extra bottles staged along the way, for example in cave or wreck diving. Maybe you'd have standby divers. Maybe the first part of the mission would be to stockpile reserve supplies along the divers' planned routes. I'm not sure exactly what should be done, but you probably wouldn't just ven­ture out without having pre-thought all the consequences and taken as many steps as you could to avoid unreasonable risks. 

a/c: Do you think sport and commercial divers could learn from each other? LH: I think it's a shame that there isn't more appreciation of each other's skills and attitudes. For example, I'm enamored and in awe of the dive clubs like the Neptune Dive Club here in Southern California, and individuals like my friend, Locky Brown, a free diver who can go down without any air at all, holding his 

A diver's life depends on his 
ability to react quickly to 
very frequent emergency situ­
ations that come up. That's 
your long suit, your ability to 
react and recover. When you 
can't do that, you get killed. 

breath, and do many things that a fully-suited commercial diver would have to struggle with. I don't know if that's considered sport diving, but it's an extreme test of personal convic­tion, perseverance, experience and willingness to go into the environ­ment in a pretty naked way and get some things done. Their level of expertise and capability in that world is equal to or surpasses the level of expertise that commercial people achieve, but in a different sense. Having been out there with those groups I found myself feeling totally inadequate. A big-time commercial dive man couldn't hold a candle to those guys. 
a/c: There is always the problem that some people will try to do things that really aren't safe by virtue of their training or experience or the technol­ogy that they are using. How do we address that issue as a community? What do you think the answer is? LH: I think there are some major forces at work here that just can't be managed very well at all. The biggest one, as you said, is the nature of the beast. You're not going to get individuals who do have the ability, to hold back because of the possible effect on those around them who can't. They're going to do it, period. There's no stopping that. And others will try to duplicate or follow and they may be hurt. They may not have the experience and wherewithal to real­ize how many steps are involved in making an otherwise pretty high-risk deal safe. So you're going to have accidents. 

At some point if there are enough accidents, what will probably happen is that some regulatory body will attempt to get involved. But there are alternatives. Maybe through trial and error, the individuals involved will agree to a self-imposed type of regula­tion. Maybe special dive clubs can be formed to undertake these kinds of dives, and maybe these clubs will develop and self-impose their own set-of policies and procedures, and share them with others. Responsible people will want to have that benefit. At least that's what I hope what would happen. 

a/c: How about input from the commer­cial community? LH: Who knows. Maybe some of these clubs will invite commercial people to share information and advise them, and out of that will come a compromise or solutions on how to improve the safety on some of these dives, that might not be available otherwise. Not necessarily using commercial methods, but at least a balanced approach. Maybe in that process, the macho conservative commercial people will gain a better appreciation of sport divers and real­ize that they are formidable individ­uals as well. There might even be some cross-learning. I'd be surprised if that wouldn't evolve. 
a/c: As a closing question let me ask you, what advice would you offer techni­cal divers who are involved in pio­neering this new class of diving? LH: Looking at my own situation here, after I broke my neck, I went out in the kelp beds using my old abalone gear. It felt good to do it, to be able to hit the end of my hose, and make it back in one piece. At first glance, that sounded great. I mean, here I was out of the hospital, back in my old environment, boy was it great. Pretty hot. I want to do more of that, right? Wrong. 

My advice is for each individual who wants to do these dives to visu­alize a scenario where their own interest results in them getting wiped out. In my case, because I can't use my fingers at all, and can't grab a knife or open up a weight belt very quickly-who am I kidding? There will be a time when I get out there and get my hose tangled with­out the main resource I've always had- the ability to recover. A diver's life depends on his ability to react quickly to very frequent emer­gency situations that come up. That's your long suit, your ability to react and recover. When you can't do that, you get killed. 
When you think through that sce­nario, a scenario that results in you getting killed .... in my own case, I thought about one of my sons up there trying to help me, or my good friends on board the boat, and how they would feel when they dragged me in, and had to live with what occurred. I'd be OK 'cause I'd be out of it then, but they would have to live with it. Going through that kind of thinking process caused me to decide to live with not doing it. I'm not going to dive a hose any­more as much as it is a part of me. 

a/c: Hard decision. LH: Ironically, I've decided to learn to scuba dive. It's kind of a reverse process. Instead of that hose being my greatest friend, when you can't get free of it, it can become your worst enemy. I'll probably be able to do just fine on limited scuba dives, free from any wrecks or entangle­ments, and enjoy it. A complete reversal. Ironic isn't it? It's ironic. 
a/c:Yeah. LH: I think if each person who enter­tains going down to a certain level of risk sees a scenario where he or she doesn't make it back, and then be forced to ask what led up to it, why did it happen, and what will be the effect on those who love and depend on them, they'll probably modify their own risk profile a lot. And it's their responsibility to do that; to assume the worst case, ana­lyze it and then adjust their adven­ture accordingly. If they do that, they'll probably be OK. If they don't, then they're irresponsibly selfish in my book. 

I think if each person who 
entertains going down to a 
certain level of risk sees a 
scenario where he or she 
doesn't make it back, and 
then be forced to ask what 
led up to it, why did it hap­
pen, and what will be the 
effect on those who love and 
depend on them, they'll prob­
ably modify their own risk 
profile a lot. 

a/c:Are you aware of the organization called the Association for Handicapped Scuba (HSA) that was formed a number of years ago to teach and promote scuba diving for people with disabilities. They're quite active. LH: They're in Newport Beach I think. One of their leading members is a woman named Julie Mora. 
a/c: You kriow her. Good. LH: I'm trying to make it in her commu­nity but she's way ahead of me in all respects. She's a gal who does wheel­chair racing, rugby, sets records in swimming. And now scuba diving. I don't know if she's even aware of any of the things I've done in com­mercial diving and I don't want to tell her about it. I never talk about those things. With this crowd, you have to make it on your own. 
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In-Water Oxygen 
Recomprasion: 

APotatial 
Field � 

OpdcMFor 
Technical Divas 

by Carl Edmonds 

divers, has had many successes, and is rec- In-water air treatment of DCI is not to be 

ognized by many experienced and practi- undertaken lightly, however, in the 

cal divers to often be of life saving value. absence of a recompression chamber or 

This has certainly been the case in remote other options, it may be the only treatment 

localities such as the pearl fishing areas of available to prevent death or severe dis­

Northern Australia, where divers spend ability. Fortunately, a newer method has 

long times underwater using standard div- been developed that addresses many of 

ing equipment. In-water air treatment con- the problems associated with air treat­

tinued to be used, in the absence of avail- ments. 

able recompression chambers. 

Oxygen Therapy 

Despite the value of in-water air recompres- The value of substituting oxygen for air, in 

sion therapy, there are many problems recompression chamber treatment has 

associated with it that are well recognized been well established. The pioneering 

by both divers and medical advisers. First, work of Yarborough and Behnke ( 1939) 

the majority of amateurs or semi-profes- eventuated in the oxygen tables described 

sional divers do not carry the compressed by Goodman and Workman (1965). They 

air supplies or compressor facilities neces- received widespread acceptance, with 

sary for the extra decompression. Most revisions and modifications they are now 

have only scuba cylinders, or simple incorporated in oxygen treatment tables of 

portable compressors that will not reliably most Navies. 

supply divers (the patient and his atten-

dant) for the depths and durations The advantages of oxygen over air tables 

required. include; increasing nitrogen elimination 

gradients, avoiding extra nitrogen loads, 

What's more is that environmental condi- increasing oxygenation to tissues, decreas-

tions are often not conducive to in-water air ing the depths required for the exposure 
The failure of decompression illness to 

respond to recompression chamber therapy 

is often related directly to the delay in treat­

ment (see "Get Me To The Chamber On 

Time,· staff. aquaCorps Journal N1, 1990). 

treatment. The depths required for these time and improving the overall therapeutic 

treatments (often as deep as 50 msw/165 efficiency. The same arguments are applic­

fsw) can usually only be achieved by able when one compares in-water air and 

returning to the open ocean, where the oxygen treatment. 

advent of night, inclement weather, rising 
Sometimes chambers are simply not readily 

seas, tiredness and exhaustion, and boat Australian In-water Oxygen Therapy 
available. For these reasons, immediate in-

safety requirements, make the choice of in- In response to an urgent need for manag­
water air recompression has been used in 

water treatment a very serious decision. In ing cases in remote locations, both time 
Hawaii, with good results, and also among 

the professional shell divers of Australia, at 
addition, because of the considerable and distance from hyperbaric facilities, 

depths and time involved, hypothermia as oxygen therapy was first applied to the in­
least until the underwater oxygen became 

-1 bl I t t· h t d. . a result of wet suit compression becomes water treatment of decompression illness 
avaI a e: n eres mg .enoug , mos Iving 

d. 1 t xt books d t t· . likely. Seasickness in the injured diver and in Australia, in 1970. Because of the sue-
me Ica e o no even men I0n in-

the diving attendants and the boat tenders, cess of this treatment and its ready avail-
water therapy as an option. 

is also a significant problem. Nitrogen nar- ability, it became known and practiced, 

cosis produces added difficulties in the even when experts were not available to 
When•using in-water air recompression ther-

diver and the treatment. Because of these supervise it. 
apy, pressure is exerted by water instead of 

in a recompression chamber, while air is 

usually supplied from compressors sited on 

the diving boat. Although this treatment is 

frequently ridiculed by those in the clois­

tered academic environments, especially 

those committed to elaborate recompres­

sion facilities, it has frequently been the 

only therapy available to severely injured 
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difficult circumstances, treatment must 

often be aborted, resulting in DCI in the The physiological principles on which this 
attendants, and aggravating it in the diver. treatment is based are well known and not 

contentious, although the indications for 

treatment have caused some confusion. 

Like conventional oxygen therapy tables, it 

was first applied mainly for the minor 

cases of DCS, but was subsequently found 

In-Water Oxygen Therapy 
ALTERNATING 1 HOUR PERIODS 
OF BREATHING OXYGEN OR AIR 

FOR 12 HOURS AFTER TREATMENT 
Graph by: Richard L. Pyle 
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of considerable value in serious cases. The to cause problems for the general diver popu- clarified (Note that the deep "air" spike to 50 
techniques and equipment for Australian in- lation than these various alternatives, however, msw/165 fsw used in the USN 6a recompres­
water oxygen therapy were designed to other procedures have evolved. Hawaiian sion table appears to be increasingly falling 
increase safety, ease and ready availability, commercial divers have included a deep "air" "out of favor· in U.S. treatment circles due to 
even in medically unsophisticated countries spike prior to the underwater oxygen treat- problems of additional nitrogen loading and 
(see box). It is now in widespread use in the ment, in an attempt to either force bubbles other complications. Many leading edge facili­
Pac i fic Islands and the northern parts of back into solution or to allow bubbles ties are now using enriched air nitrox, and or 
Australia. It spread to the colder southern trapped in arteries to transfer to the venous heliox, in place of air for these treatments­
waters of Australia, where it is now used by system.The relative value of this additional ed.) 
abalone divers who sometimes dive in areas deep air dip is subject to some controversy 
difficult to service by conventional transport. and discussion, and its value remains to be In-water Oxygen Treatment Procedures 
It has also been included in certain diving 
manuals ( Table 81 & 82 in the Royal Australian 
Navy Diving Manual and has been modified by 
allowing the use of oxygen rebreathing equip­
ment, in the current US Navy Diving Manual. 
The French have had a very similar table 
(Comex12) which was immediately applica­
ble to underwater use, and some Italian 
groups claimed to have employed the full US 
Navy oxygen therapy tables underwater -
although how they managed this is not clear. 

Australian In-Water Oxygen Therapy <Runelm• In mlnue_,

The original Australian in-water oxygen proce­
dures and tables seem simpler and less likely 

Depth 
msw 

9 
8 
1 
6 
5 
4 
3 

1 
Total Time 

Mild 

30 
41 
54 
66 
78 
90 

10t 
114 
116 
lhrs. 

6 min. 

Severe Severe w' 
Extension 

60 90 
71 10t 
84 114 
96 116 

108 138 
1IO 150 
131 161 
144 174 
156 186 

I hrs. 3 hrs. 
36 min. 6 min. 
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Oxygen should be supplied at oxygen service. Also, whenever oxygen is 
maximum depth of 9 msw (30 fsw), given; the cylinder should be turned on 
from a surface supply system. The slowly and the flow commenced, before it is 
ascent is commenced after 30 min- given to patients or divers. 
utes in mild cases, or 60 minutes in 
severe cases, if significant improve- A 2-stage regulator, set at 550 kPa (80 psi) is 
ment has occurred. These times fitted with a safety valve, and connects with 
may be extended for another 30 12 metres (40 feet) of supply hose. This 
minutes, if there has been no allows for 9 metres depth, 2 metres from the 
improvement. The ascent is at the surface of the water to the cylinder, and 1 
rate of 12 minutes per metre ( 4 metre around the diver. A non-return valve is 
minutes/foot). A diver attendant attached between the supply line and the full 
should always be present, and face mask. The full face mask is critical as it 

the ascent controlled by the sur- enab les the system to be used with a 
face tenders. The duration of the semi-cons cious or unwell patient. It 
tables range from 2 hours 36 min- reduces the risk of aspiration of sea 
utes or 3 hours 6 minutes depend- water, allows the patient to speak to his 
ing on the treatment options used. attendants, and also permits vomiting to 

occur without obstructing the respiratory 
After surfacing the patient should gas supply. 
be given periods of oxygen breath-
ing, interspersed with air breathing, The supply line is marked in distances of 1 
usually on a one hour on, one hour metre from the surface to the diver, and is 
off, basis, with respiratory volume tucked under the weight belt, between the 
measurements and chest X-ray diver's legs, or is attached to a harness. The 
examination if possible. The treat- diver must be weighted to prevent drifting 
ment can be repeated twice daily, upwards in an arc by the current. 
if needed. 

A Field Treatment Option For 
The equipment required for this Technical Diven 
treatment is similar to that used in a It was originally hoped that the underwater 
surface supplied oxygen decom- oxygen treatment would be sufficient for the 
pression system with some impor- management of minor cases of DCI, and to 
tant differences. In the case of an prevent deterioration of the more severe 
in-water treatment, a G size cylin- cases while suitable transport was being 
der (220 cubic feet or 7000 litres) arranged. When the regime is applied early, 
of medical oxygen is probably ade- even in the severe cases the transport is often 
quate though specific requirements not required. It is a common observation that 
can .easily be calculated. This is improvement continues throughout the 
usually available from local gas sup- ascent, at 12 minutes per metre. Presumably 
ply companies or hospitals, the resolution of the bubble is more rapid at 
although in some cases industrial this ascent rate than its expansion, due to 
oxygen has been used. For a diver Boyle's Law. 
at rest, breathing this volume of 
oxygen at a depth varying Certain other advantages are obvious. During 
between 9 metres (30 feet) and the hours of continuous hyperbaric oxygena­
the surface is usually insufficient tion, tissues become effectively de-nitro­
to produce either neurological genated. Bubbles are initially reduced in vol­
(CNS) or respiratory oxygen toxi- ume, due to the hyperbaric exposure and 
city Note that all equipment used Boyle's Law, and the resolution is speeded 
with pure oxygen must be rated for up by increasing the nitrogen gradient from 
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AUSTRALIAN IN• 
WATER OXYGEN 
THEWY 
This technique may be useful in treat­
ing cases of decompression illness in 
localities remote from recompression 
facilities. It may also be of use while 
suitable transport to such a centre is 
being arranged. 
In planning, it should be realized that 
the therapy may take up to 3 hours. 
The risks of cold, immersion and other 
environmental factors should be bal­
anced against the beneficial effects. 
The diver must be accompanied by an 
attendant. 

Equipment 
The following equipment is essen­
tial before attempting this form of 
treatment: 

1. Full face mask with demand valve
and surface supply system or hel­
met with free flow.

2. Adequate supply of 100% oxygen
for patient, and air for attendant,
typically about 200 cf per treat­
ment.

3. Shot with at least 10 metres of
rope (a seat or harness may be
rigged to the shot).

4. Some form of communication sys­
tem between patient, attendant
and surface, preferably voice
communications.

Method 
1. The patient is lowered on the shot

rope to 9 metres (30 fsw), breath- ·
ing 100% oxygen.

2. Ascent is commenced after 30
min·utes in mild cases, or 60 min­
utes in severe cases, if improve­
ment has occurred. These times
may be extended to 60 minutes
and 90 minutes respectively if
there is no improvement.

3. Ascent is at the rate of 1 metre
every 12 minutes. Staging may be
applied where applicable.

4. If symptoms recur remain at depti't a
further 30 minutes before continu­
ing ascent. 

5. If oxygen supply is exhausted,
return to the surface, rather than
breathe air.

6. After surfacing the patient should
be given one hour on oxygen, one
hour off, for a further 12 hours.

the bubble. Attendant divers are not subjected nent, where water temperatures may be as low suffering from air embolism. Such may well be 
to the risk of DCI or nitrogen narcosis, and the as 5° C (41° F). There are certain inconsistencies the case. The treatment was never proposed 
affected diver is not going to be made with this statement. First, if the diver developed for this, and nor was it ever suggested that the 

worse by premature termination of the DCI while diving in these waters, then he or she in-water oxygen treatment should be used in 
treatment if this is required (for example, in is most likely to already have an effective ther- preference to recompression facilities where 
order to transport the diver--ed.). In addition, mal protection suit available. Also, the duration they exist and are easily accessible to the diver. 
hypothermia is much less likely to develop, underwater for the oxygen treatment is not It is, however, possible that the treatment may 
because of the greater efficiency of the wet excessive, and is conducted at a depth at be of value for cases of mediastinal emphyse­
suits at these minor depths (Note that the majori- which even wet suits provide effective insula- ma, and perhaps even a small pneumothorax. 
ty of technical divers utilize dry suits even in re/a- tion. If the diver is wearing a dry suit, the argu-

tive/y warm water, so hypothermia is unlikely to ment is even less applicable. The most effec- In conclusion, in-water oxygen recompression 
be a major issue in most cases. See discussion tive argument is that in-water oxygen recom- is an application and modification of current 
below--ed.). pression is used, often very successfully, in treatment regimes. It is not meant to replace the 

these very areas. 
The site chosen can often be in a shallow pro-

formal treatment techniques of recompression 
therapy in chambers. It is an emergency proce-

tected area, reducing the influence of weather Some claim that the in-water oxygen treatment dure, able to be applied with equipment usu­
on the patient, the diving attendants and the is useful only when there are no transport facili- ally found in remote localities and is designed 
boat tenders. Communications between the ties available. Initially this was also our own to reduce the many hazards associated with 
diver and the attendants are not difficult, and teaching, but with the logic that comes with the conventional in-water air treatments. The 

the situation is not as stressful as the deeper, hindsight, a three hour gap is all that is customary supportive and pharmacological 
longer, in-water air treatments, or even as wor- needed between the instituting of in-water adjuncts to the treatment of recompression 
rying as in some recompression chambers. oxygen therapy and the arrival of transport, sickness are in no way avoided, and the superi-

to be able to effectively employ this proce- ority of experienced personnel and compre­
When hyperbaric chambers are used in remote dure. It is probably just as important to treat hensive hyperbaric facilities is not being chal­
localities, often with inadequate equipment the serious cases early, even though full recov- lenged. In-water oxygen treatment is consid­
and insufficiently trained personnel, there is an ery is unlikely, than to do nothing and watch the ered as a first aid regime, not superior to 
appreciable danger form both fire and explo- symptoms progress during those hours. Note portable recompression chambers, but some­
sion. There is the added difficulty in dealing that transport should be sought while the in- times surprisingly effective and rarely, if ever, 
with inexperienced medical personnel not water treatment is being utilized,especially in detrimental. 
ensuring an adequate face seal for the mask. serious cases. 
These problems are not encountered in in­
water treatment. There has also been a concern that if this tech­

nique is available for treatment of DCI, other 
In spite of these advantages, in-water oxy- divers may misuse it to decompress on oxygen 
gen recompression is not applicable to all underwater and perhaps run into subsequent 
cases, especially when the patient is unable problems. This is more an argument in favour of 
or unwilling to return to the underwater educating divers, than depriving them of 
environment. It is also of very little value in the potentially valuable treatment facilities. (Note 
cases where gross decompression staging has that in -water oxygen decompression has 
been omitted, or where the disseminated become a "community standard" among tech­
intravascular coagulation syndrome has devel- nical divers in the U.S. and other parts of the 
oped. The author would be reluctant to admin- world, though it is not an accepted procedure 
ister this regime where the patient has either for recreational divers who are not trained in 
epileptic convulsions or clouding of cori- decompression diving.--ed.). With the same 
sciousness. Reference to the case reports rationale, one could use this argument to totally 
reveals that others are less conservative. prohibit all safety equipment, including recom­

pression chamber, and thereby hope to cir­
One of the common myths in Australia, is that cumvent all diving related problems. 
in-water treatment is applicable to the semi-

Dr. Carl Edmonds is regarded as the 
leading authority on in-water treatment 
of decompression i l lness, and has 
made major contributions to diving 
medicine in a variety of capacities 
incl uding; Director of the Diving 
Medical Centre, SydneY, Australia, con­
sultant in underwater medicine to the 
Royal Australian Navy, past president, 
South Pacific Underwater Medicine 
Society, Officer in charge, Royal 
Australian Navy School of Underwater 
Medicine. Dr. Edmonds can be con­
tacted at: North Shore Medical Centre, 
66 Pacific Hwy., St. Leonards 2065, 
Australia. 

This article is derived from Diving and 
Subaquatic Medicine, 3rd edition, 1991, pub-

tropical and tropical areas, where it was first It has also been argued that this treatment is lished by Butterworth Heinemann, 80 Montvale 
used, but not to the southern parts of the conti- unlikely to be of any value for those patients Ave, Stoneham, MA 02180, USA 
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In-water 
Recompression: 

The Hawaiian 
Experience 

by Richard L. Pyle 

A little over ten years ago, Frank 
P. Farm, Edwin M. Hayashi, and
Edward L. Beckman, from the 
Hyperbaric Treatment Center at 
the University of Hawaii School 
of Medicine conducted a survey 
of Hawaiian diving fisherman. 
The purpose of the survey, which 
was part of a Sea Grant Research 
project, was to chronicle the 
diving practices of Hawaii's fish­
erman, and to investigate their 
usage of in-water recompression 
therapy methods for the treat­
ment of decompression illness 
(DCI). These fisherman, who reg­
ularly made five to eight dives 
per day, had collectively made 
over a quarter of a million dives 
at the time of the survey. As div­
ing fisherman, their work entailed 
multiple daily exposures to 140-
350 fsw (43-107 msw), followed 
by a shallow dive at the end of 
the day. With these profiles in 
mind, it should come as no sur­
prise that every one of them had 
suffered DCI at least once in their 
careers. In fact, most of them 
had experienced DCI many 
times; so many that it was con­
sidered part of the job- an 
occupational hazard. To deal 
with this hazard, these diving 
professionals had, over the 
years, developed informal meth­
ods of in-water recompression 
therapy. 
The survey revealed that these 
divers had utilized in-water ther­
apy to treat DCI 527 times, and 
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that the treatment completely eliminated DCI 
symptoms in 462 (88%) of the cases. In 51 
of the remaining 65 cases, the divers had 
improved to the point where they opted 
not to seek further treatment and fully recov­
ered in a day or two. The severity of the DCI 
symptoms treated with in-water methods 
ranged from mild shoulder pain to paralysis 
and other neurological dysfunction. The 
exact treatment methodology varied from 
diver to diver and there was no set stan­
dard. The divers included in the survey had 
made an average of 11,000 career dives 
(one had made over 23,000 dives), and had 
developed their diving regimes and in-water 
treatment methods by trial and error. 

The somewhat rem9rkable results of the sur­
vey prompted the researchers to further 
investigate the effectiveness of in-water 
recompression therapy for use as an imme­
diate, emergency treatment for DCI. Citing 
studies of bubble dissolution, growth 
dynamics and physiology, they attributed 
the high success rate of the in-water therapy 
to immediate recompression of the afflicted 
diver. They pointed out that the effective­
ness of recompression therapy is greatly 
enhanced if recompression occurs within 

five minutes of the onset of symptoms. 

The results of the survey were compiled in a 
report published by Sea Grant in 1986 
(University of Hawaii Sea Grant Technical 
Paper UNIHI-SEAGRANT-TT-86-01 ). Melding 
the wisdom accumulated from the immense 
diving experience of the surveyed divers, 
and the results obtained from scientific 
studies on the physics and physiology of 
DCI and recompression therapy, Farm, 
Hayashi and Beckman formulated a list of 
conclusions and recommendations for 
Hawaii's commercial fisherman including a 
strong recommendation that oxygen be 
incorporated into in-water recompres­
sion regimes following the ·Australian 

Method" developed by Dr. Carl Edmonds 
(see preceding article), or a modified ver­
sion that was termed the ·Hawaiian Method" 

(Note that the Hawaiian Method includes a 

"deep dip on air" to 165 fsw (50 msw) and, 

in the opinion of many authorities, is l1Qt 
recommended for technical divers, due to 

the logistics involved, and the fact that the 

additional nitrogen gas loading may out­

weigh the benefits of the additional pressur­

ization--ed.) They also point out that many 
factors should be considered before 
opting for in-water treatment, and it 
should be considered only as an emer­
gency treatment. Subsequent treatment 
at a hyperbaric facility should be sought 
in all cases, regardless of the outcome 
of the in-water therapy. 

As a result of the work done in Hawaii, there 
appears to be an interesting contrast 
between the attitudes of Hawaiian divers 
and those elsewhere. Whereas the practice 
of in-water recompression is either "unheard 
of" or strongly discouraged in many (most) 
parts of the world, it is considered a part of 
diving among Hawaii's diving fisherman and 
others, and there seems to be little contro­
versy on the subject. Certainly not all divers 
are aware of it or consider it useful, but few 
dispute that it is a viable field option. Most 
of those who are aware of in-water therapy 
are also aware of the dangers associated 
with it. Even so, among many groups, there 
is seldom much deliberation at the onset of 
DCI symptoms; conditions are assessed, and 
more often than not, in-water recompression 
is practiced, often with good results. 

It's not that proper treatment is unavailable; 
Hawaii is home to an excellent hyperbaric 
facility which is only hours away from just 
about anywhere in the state. Hard-core 
Hawaiian divers simply have a different 
mindset with regards to the practice of in­
water recompression. They view it as a 
viable procedure which has saved many 
lives, perhaps even their own. 

Richard Pyle, aquaCorps field editor, is 

an ichthyologist and fish collector 

working with the Bishop Museum, 

Honolulu, and is currently completing 

his graduate studies at the Univ. of 

Hawaii. He can be contacted at: PO 

Box 19000A, Honolulu, Hawaii 96817. 

Fax: 808-841-8968. 

Double Patality 
on the ··u-who·· 
On October 12, 

1992 two highly expe­
rienced cave divers, 
Chris Rouse and Chris 
Rouse, Jr., died explor­
ing a U-boat wreck 
known as the "U­
Who" offshore New 
Jersey. Both were 
trained in deep diving 
on air and mixed 
gases. This accident 
has had a major 
impact on the techni­
cal diving community. 
A formal report is 
being prepared, but 
aquaCorps felt it 
important that a pre­
liminary report be 
issued at this time. 

The Rouses were 

by Dennis J. Willis 

diving with double 
104's filled with air for 
their travel and bot­
tom mix. Each diver 
also carried an 80 cu ft 
aluminum tank of 60% 
oxygen-enriched air 
intermediate decom­
pression mix, and a 72 
cu ft steel tank of 
100% oxygen. 

After clipping off 3 
of the 4 stage bottles 
(probably one EAN 
and two oxygen) near 
the anchor line, they 
proceeded to their 
point of penetration 
where a tie off was 
made and the 4th stage 
bottle (of EAN) was 
clipped. Shortly after 

Big Bend 
by Bernie Chowdhury 

Editor's note: Due to operational problems, the author omitted staged decompression after a 53-minute dive to 150 fsw and suffered acute neurological DCI. A -moderately experienced deep diver, he attributes the accident to diving while ill on medication, and to fatigue, which predisposed him to nitro­gen narcosis and the con­comitant disorientation. As a result, he did not adhere to a precise dive plan and- opted to make a direct ascent to the sur­face when he could not locate his stage bottle or the anchorline. 

As I lay limp and 
powerless on the Seeker's gearing-up plat­
form, I took in the 
efforts of the crew and 
passengers to save my 
life. Both of my Aladin 
Pro dive computers 
were screaming in 
protest at my having 
missed more than 99 
minutes of decompres­
sion. My first stage 
stop was scheduled for 
SO fsw. 

The pain was 
excruciating. I felt like 
the guy in the movie Alien-you know, when 
the Alien pops out of 
his stomach during 
dinner. It felt like my 

entering the wreck 
Chris Jr. was trapped 
by falling debris; loos­
ened silt reduced the 
visibility to nearly 
zero. Chris Sr. entered 
or was already just 
inside the wreck and 
began to dig out Chris 
Jr., further reducing 
the visibility. After 
Chris Jr. was freed the 
two divers were unable 
to follow their line out; 
according to state­
ments by Chris Jr., and 
examination of their 
equipment, they evi­
dently began exploring 
with line for a new 
exit. During their exit continues on page 52 

insides were being 
rearranged. As time 
passed, my thoughts 
centered increasingly 
on the arrival of the 
Coast Guard rescue 
chopper and getting to 
a recompression cham­
ber. I was spared the 
noise of computers 
beeping and the cap­
tain bellowing as I 
went completely deaf. 
I drifted in and out of 
consciousness and 
floated to a numb and 
painless world. 

"Routine" dive 
The dive had gone 

smoothly at first. I 
dropped an oxygen 
stage bottle at the 
anchor, at the wreck's 
stern. My buddy, Ed, 
and I separated to continues on page 52 

confessions 
of a Mol'tal Dive•: 

Lea•ning 
the HaPcll 

Way 
by Richard L. Pyle 

Editor's note: In July 1986, after repeti­tive air dives to 250 (sw and 140 fsw off Palau, the author suffered acute neurological DCI symp­toms. He was treated ·in a chamber on Palau after several hours of unsuccessful in-water air recompression, then transferred to a hyper­baric facility on Guam. His condition improved slightly after two treat­ments there, after which he was taken to the chamber in Hawaii. 
Thus began the 

long series of treat­
ments at Honolulu's 
Hyperbaric Treatment 
Facility. The first few 
treatments were 12 
hours in duration, but 
most of the rest were 
standard eight-hour 
"Hyperbaric Oxygen" 
(HBO) treatments. 
These consisted of an 
initial "spike" to a sim­
ulated 220 fsw, a slow 
ascent to 60 fsw 
breathing a special 
enriched-air nitrox 
mixture, four 20-
minute periods of 
breathing pure oxygen 
(with five-minute "air 
breaks" in between) at 
60 fsw, a long haul on 
pure oxygen at 30 fsw, 

then a very slow ascent 
to the surface. I was 
given one such treat­
ment per day, then 
taken to a nearby hos­
pit al to spend the 
night. 

Through intensive 
physical therapy, my 
legs increased in 
strength. I regained 
control of my bladder, 
eliminating the need 
for a catheter. I began 
walking up and down 
stairs for additional 
exercise. I had many 
long discussions with 
Dr. Robert Overlock 
regarding the theory 
and practice of recom­
pression treatment and 
the physiology of 
bends. He explained 
that my injury was 
analogous to a shotgun 
wound in my spinal 
cord and made certain 
that I understood that 
many of my nerve cells 
had died forever. My 
recovery was not a 
result of new nerve 
growth, but rather a 
result of my brain 
learning new · nerve 
pathways to send sig­
nals to the rest of my 
body. He explained 
how I was now much 
more susceptible to 
DCI, that a subsequent continues on page 54 
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The wreck of the German U-boat, the "U-Who" as she sits off the coast of New Jersey. Illustration Steve Gatto 

Big Bend continued from page 51

explore different areas. I repeatedly sensed that I should turn the dive and head for the anchorline but, capti­vated by the wreck, I resisted the urge to ter­minate the dive. I eventually swam to the bow. I saw a second light as Ed entered the bow. We exited togeth­er. Ed signalled for an ascent on an upline that the crew tied off on a previous dive. Instead, I swam off toward the stern to pick up my oxygen cylinder. Finding a current on top of the wreck, I dropped to the debris field and swam the 350 feet to the stern. I couldn't find the anchorline or. my stage. I discounted landmarks that I had seen on previous dives, because they were on the opposite• side of the wreck from where I thought I was. Exhausted, I swam on top of the hull until I came to the end of the wreck. I realized I was at the bow, having swum around the entire 500-foot-long wreck. Although I had air left in my tanks, I opted for a free ascent directly to the surface. 
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Chopper ride, chamber ride When the chopper came, I stumbled over to the basket and was helped in. There's not much you can do when you're in lots of pain and riding it out. I was extremely uncom­fortable and couldn't do anything but lie there quietly. In the hospital, I gave them information and watched as a nurse wrote it dowh. The examination seemed to take a long time, during which I felt like shouting, "Get me to the chamber." I refrained and made it to the chamber and through the uncomfortable ride anyway. Wheeled to a hos­pital room afterward, I felt finished, both mentally and physical-1 y. My hearing had returned but was not normal. My body ached. I couldn't walk. 
Leaming to walk As the days pro­gressed, I learned to walk again. At first, what normally would have been a few paces to the bathroom con­sisted of stumbling drunkenly from chair­hold to bedrailhold to wall to door. I learned to negotiate this even 

though the room spun maddeningly. I learned to walk in a shuffle, a few feet at first, then to the bathroom unassist­ed (a major victory), to the hallway and back, and then varying lengths down the hall­way. Rapid progress would have caused me to keel over from the force of momentum. After five days, I was able to walk around the ward while swerving only slightly. It was certainly humbling. The 150-foot dive was some­thing I considered rou­tine. Ironically, had this been the Andrea Doria, I wouldn't have made the dive, because I wasn't feeling well. The experience taught me that there is no such thing as a routine dive." 
B e r n i e  Chowdhur y is an active wreck and cave diver, and writer who has recently compiled an analysis of wreck diving accidents in conjunction with the Univ. of Rhode Island ,  National Underwater Accident Data Center. He can be contacted at: 

32-70 30th St #2, Astoria, NY 11106 

··u-who••
continued from page 51 

it appears Chris Jr. experienced some trou­ble with his primary regulator and switched to his secondary regu­lator, but it was taking in water. At this time Chris gave Chris Jr. his secondary regulator and they continued out of the wreck. After finding the exit Chris Jr. noted it had taken 31 min for them to get out, 11 min. longer then their planned bot­tom time. They were able to locate only one stage bottle (EAN60), and were so low on air with no more time at depth to search for the anchor line or the remaining bottles they left for the surface. They may have attempted some decompression in mid-water. 
They arrived at the surface 41 min. into the dive. Chris Sr. had lim­ited use of his arms and hands. His eyes were glassy and he appeared calm although con­fused. While being assisted by surface help he went into respirato­ry failure, and 20 min later cardiac failure occurred. CPR was started immediately and continued to the hospital (apx. 3.5 hr later). He was pro­nounced dead on arrival at Bronx Municipal H ospital. While at the surface Chris Rouse Jr. was hit by the tossing boat and his DIN adapter was sheared off the mani­fold; he lost a large 

amount of air before surface help could close the valve. He was quite alert on the surface, yelling about the ordeal, but he was par­alyzed and had no feel­ing from the waist down. After reaching the hospital he was placed in the chamber on USN Treatment Table 6A, during which he reportedly regained some feeling in his legs along with an increased level of pain. Early in the first air break at 1.9 atm (30 fsw) his heart stopped and resuscitation was unsuccessful. 
Their bottom timer displayed a max depth of 2 23 fsw for 41 min. Chris's air tanks had 250 psi, and Chris Jr. had 150 psi. The one stage bottle recovered had 1200 psi. 
The investigation in to this accident is still ongoing and a detailed report is being prepared for publica­tion. Readers are reminded that hasty conclusions may be premature. 

Denny Willis is a NAU! Instructor (#6988) and has been teaching since 1976. A cave diver since 1988, he can be contacted at: 
RD#l, Box 1189E ,  East Stroudsburg, PA 18301. 

EAN :SI: 
11Sat:e• Not sat:e11

by Mark R. Mondano 

A
f t e rmore t h a n  2 0 years  of  diving, I can attestthat not all dives areuneventful. Manyunusual and unexpect­ed occurrences haveinstilled a sound regardfor the risks of scubadiving. Despite someextreme air divingexposures in the course of my diving, I hadbeen fortunate toescape the conse­quences of decompres­sion illness. Then one dive ended this unblemished record. I don't drink or smoke, and the only medication I had used 

Odds 
& 

EANS 

within months of this dive was ibuprofen (Advil). I exercise regu­larly, and was not sleep deprived. The plan was to scout some reef for the upcoming Florida lobster season. My first dive of the day- my first in 14 days-was on a reef in 90 fsw (27 msw). Visibility was 40 ft with no current on the bottom. The major­ity of the dive was con­ducted at a depth of 80 to 85 fsw (24-26 msw), with the deepest excur­sion to 96  fsw (29 msw). Total bottom time was 19 minutes. My swimming rate was moderate with no strenuous activity. At the beginning of my 

PROFILE: : Deep Air w/O2 Followed by EAN Dive Dive 1: 210 fsw (64 msw)/25 min. bottom time. Air, USN Extreme Ex­posu re Tables. Total decompres sion 31 min. beginning at 30 fsw (9 msw), 26 min. 02 decompression. Dive 2: 40 fsw (12 msw)/ 35 min. bottom time. EAN 38. Enr iched a ir and oxygen are tools that can be used to improve decompression safety, as well as performance. To date, the decompression safet y record for both enriched air and 02 have been good. However if these tools are misap­pl ied, or used without the requisite knowledge, they can result in injury. Here are some examples of incidents that have occurred. 

Diver thought he could reduce decom­pression by about 50% from the tables by using in-water oxygen. Note that as a compari­son, Submariner Research Ltd. Air w/O2 tables would call for 5 7 min. of decompression with a first stop of 70 fsw, and 26 min. of 02. Surface interval(SI): 65 min.Presentation:Deep boring left shoulder pain onset 25 min. post second dive. 

ascent, 8 minutes remained as allowable bottom time. I made my ascent in accor­dance with a variable ascent rate computer model and made a safety stop of one to two minutes at 15 fsw (4.5 msw). Five to 10 minutes after surfacing, my right lower leg became numb. This was fol­lowed in rapid order by left leg numbness, right leg weakness, and then left leg weakness. I assumed a supine position and immedi­ately began 100% 02 by demand mask (non­re breather). Slight numbness was noted in the fourth and fifth finger of both my hands and a few sec­onds of dysarthria (dif­ficulty speaking) occurred. Two minutes into the 02 treatment, only the lower limb weakness and numb-

Treatment: USAF modified USN Table 6 with extensions. Outcome: Total recovery 
PROFILE: "Mystery Mix (EAN)" Dive: 85 fsw (26 msw)/45 min. bottom time. Unknown EAN mix. Home brew top­ped off in series with other customers aircylinders (unknowing­ly by dealer). Final mixnot analyzed by userprior to use (exact end­ing pressure not con­trolled). Diver statedthat he believed 02was equalized amongother cylinders inseries, thereby reduc­ing the 02 content ofhis final fill.Presentation:Pain and tingling in left shoulder 10 min. post dive. Treatment: Refused. 

ness remained. These symptoms gradually improved. At 25 min­utes after the start of 02 therapy all symp­toms had disappeared. Intermittent 02 thera­py (to conserve the supply) continued until I was transferred to an ambulance (which was not equipped to deliver 100 % 02!##!@!). Despite resolution of symptoms, chamber therapy was instituted two hours and 45 min­utes after the first symptoms occurred. No further decompres­sion illness occurred. No evidence of pul­monary barotrauma was discovered. This dive was well within safety limits set by U.S. Navy tables and both of my computers. DCI can occur with air exposures such as the one described in this history. However, this 

PROFILE: Repetitive EAN Dive Dive 1: 90 fsw (27 msw)/30 min. bottomtime. EAN 32. No decom­pression. SI: 60 min. Dive 2: 90 fsw (27 msw)/30 min. bottomtime. EAN 32. No decom­pression. SI: 60 min. Dive 3: 90 fsw (27 msw)/40 min. bottomtime. EAN 32. No decom­pression. EAN mix filled at dealers by topping off 02 filled cylinders with air. Estimated mix, EAN 32-33. Final analysisnot performed. The diver did not figure EAD (he did not know how to!) or use a table to calculate decompres­sion. Stated he "assumed that using EAN would prevent DCI." Assuming his mix was an EAN 32 (EAD: 73 fsw/22 msw) and using the USN Air Tables, the 

case was unusual in that the dive was con­ducted on EAN32 (32% 02, balance nitrogen) which was analyzed after mixing and again before diving. This mix works out to an equiva­lent air depth (EAD) of approximately 78 feet for 19 minutes, a seem­ingly trivial exposure. Several experts have implied that DCI is a statistical inevitabil­ity if one dives fre­quently enough. After several thousand previ­ous dives, perhaps my number was up. 
Dr. Mark Mondano is a wreck diver and anesthesiologist, with over 20 years of div­ing exper ience. He can be contacted at: 
PO Box 634, Roseland, FL. 32957. 

diver omitted 63 min. of decompression on the three dives. The diver had been bent (limb pain DCI) the pre­vious year and was suc­cessfully treated on a USN Table 6. Presentation: No symptoms prior to surfacing on dive #3. Diver com­plained of "not feeling right" 10 min. after his final dive, became unresponsive and laid down on deck. There was no 02 available on the boat, so the diver was rushed to the dock where he was placed on 02 by a waiting EMT. The diver was transferred to an HBO unit by helicopter and immediate treatment began. The diver .was given two extended and modified USN Table 6 treatments, however he continued to deteriorate until complete lower limb paralysis set in, as well 
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U.S./ U.K. Sport Diving
Decon1pN!s■ion Illness sco•eca•d 

D.A.N. Statistic■ I. BSAC Statistic■ 2. 
Year #Cases % Neurological #Cases % Neurological 

1988 268 60% 84 N/R 
1989 391 64% 154 N/R 
1990 459 62% 91 52% 
1991 437 70% 115 53% 
1992 N/R N/R 42 64% 
1. Communication from Diver's Alert Network, 10DEC92. Reflects total DCI(computer database) cases where reasonable follow-up could be conducted.2. Reprinted from British Sub-Aqua Club's NDC Diving incidents Report 1992with permission.

con•essions o• a 
Mortal Dive• continuedfrompageSl 

hit would very likely occur in my central nervous system, and that I had used up just about all of the "extra" nerve pathways in my spinal cord_. He made it clear, in no uncertain terms, that if I contin­ued to dive, I would be much more likely to get bent, and that full recovery from such a hit wold be much less likely. Basically, he did his best to convince me to give up diving for good. 
Beyond the chamber After 28 treat­ments I could walk on my own (very slowly, and with a substantial limp), although I still had no sharp pain or hot/cold feeling in my legs. The increments of improvement in my condition with each passing day had diminished to the point where I really couldn't detect them. Finally, more than a month after the acci­dent, the decision was made to stop the chamber treatments. I was afraid that my con­dition would remain that way forever. True, I could walk, and I was certainly in better con-
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dition than I had been a month earlier, but I couldn't run, I couldn't jump, and my body was still suffering from some serious impairment. But Dr. Overlock assured me that the chamber treat­ments were yielding diminishing returns and that only time would heal my wounds. He said the healing would continue for a couple of years, but he could not tell me how much my condition would improve. As the months passed, my ability to walk continued to improve very slowly. With practice, I was able to conceal my limp and appear to walk normally, but it took a great deal of effort. Climbing stairs was not much of a problem, but coming down them was diffi­cult. Even stepping off a curb required a great deal of concentration. I was able to contract the muscles in my leg fairly smoothly, but I was unable to relax them at a controlled rate. Also, my legs would occasionally convulse spasmodical­ly and uncontrollably. 

The feeling in my legs did not improve as quickly-I still could not feel any sharp pain or distinguish hot from cold. I continued with an assortment of leg exercises, and my condition very slowly improved. 
Back in the water I limited my first post-bends dive, nearly a year after the acci­dent, to a maximum depth of 25 feet. As the months passed, I slow­ly increased that to 60 feet, then 130 feet, always following an extremely conservative decompression profile. On my first post-bends dive to 180 fsw, I was very nervous. After a IO-minute bottom time, I decompressed for well over an hour. One of the effects of my impaired legs was that after long expo­sures to water, they would feel weak and numb. It was terrifying every time I surfaced from a deep dive with long decompression, because my legs would feel almost exactly the same as they had felt in Palau right after the accident. On the decompression line, I 

would continually monitor the coordina­tion of my fingers by touching each finger­tip to my thumb in rapid succession. Every time we returned to the harbor after a dive, I would trot around the parking lot to determine if my legs were fully functional. Two years after the accident, I was able to walk almost totally normally, and I could even jog reasonably well. The feeling in my legs had improved but was far from normal. By December 1987, a year and a half after the acci­dent, I had logged nearly 200 post-bends dives, more than half below 200 fsw. In all of these, I never expe­rienced any neurolog­ical DCI symptoms. It has now been six years since the acci­dent. I've made well over 1,500 post-bends dives, more than two­thirds of which were in excess of 180 fsw. In addition, I've begun using mix to penetrate depths of more than 400 fsw. In all of this deep diving, I have not experienced any fur­ther DCI symptoms. And so it continues. 
Lessons learned In retrospect I now feel I understand the fundamental factor that led to my severe bends hit that sunny July 14th in Palau. It wasn't because I went too deep or stayed too long. It wasn't because of the decompression meter I was using. It wasn't even because my pressure gauge m a l f u n c t i o n e d .Although these were all contributing fac­tors, they were not the fundamental reason I got bent. The real rea­son was that I had a very bad attitude about deep diving. I got caught in a trap that snares many young, 

bold and "immortal" divers-the trap of overconfidence. Since I was continuously pushing the limits­and getting away with it-I felt overconfident about pushing the lim­its even further. I was sure that I would never get bent. I regarded all of the emphasis on safe diving practices and self discipline as "sport diver crap," and I felt as though I was exempt from following conventional guide­lines. I was wrong­almost dead wrong. So why, then, do I continue to dive deep? It would be naive of me to think that I have "learned my lesson." The risk of decompres­sion sickness follows anyone who breathes gases at greater than one atmosphere pres­sure. That risk cannot be avoided, and it increases with increased depth of diving. Will I ever get bent again? To be honest, I don't know. Many friends and colleagues feel as though I'm living on borrowed time. Maybe I am. But at least I have changed my atti­tude about deep div­ing. I no longer view it as a test of my abilities or as a means to demonstrate my courage. Statistics of diving accidents sug­gest that I am more likely to get bent again, now that I've been hit once already. I'm not convinced that this is true, but when­ever I find myself hanging on a decom­pression line after a deep dive, I always assume that it is. 
Richard Pyle can be con-tacted at: 
PO Box 19000A, Honolulu, Hawaii 96817. Fax: 808-841-8968. 

Delive•ing 
Oxygen 
TO 
suspected 
Diving 
Accident 
Victims 

by Lalo Fiorelli 
The first priority in a suspected dive acci­dent is always to estab­lish the ABC's (airway, breathing and circula­tion) followed by oxy­gen therapy. What's the big deal? Isn't it just a 

matter of opening a tank valve and putting a mask on a person's face? An oxygen­cleaned scuba regulator and cylinder is the best option anyway. Isn't it? Afterall, what are you going to accomplish with a tiny D or E pin indexed medical grade oxygen cylinder? These are the most frequently asked questions about the use of oxygen for treating suspected dive accident victims. The standards of care surrounding this issue have been well established by DAN 

Odds & EANS 
continued from page 55 

as other neurological symptoms. The diver was transferred to a large University hospi­tal where a USN Table 7 "saturation" treat­ment (50 plus hours) was performed. Serious neurological residual damage remained. Further treatment is expected with a ques­tionable prognosis. 
PROFILE: "Failed" In-water Air Recornpression Dive 1: 75 fsw (23 msw)/ 40 min. bottomtime. Air. Diver surfaced post dive with the onset of left shoulder pain and non-specific abdomi­nal discomfort. After waiting about 60 min., the diver re-entered the water to conduct, "in-water air recom­pression" to 65 fsw (20 msw), PO2=.62 atm, for 25 minutes. Upon exiting, diver lost con­sciousness and fell, striking his head. The diver was evacuated to a trauma center by helicopter, and then transferred to a hyper­baric facility. 

Presentation: Unconsciousness. Vital signs stable with some downward fluxa­ti on s. Diver given extended 60 fsw treat­ment with little relief. Patient transferred to intensive care unit where slow resolution of symptoms occurred over one week period. The attending medical personnel believe that the in­water air recompres­sion exacerbated nitro­gen loading, and allowed "offending" bubbles (via compres­sion) to bypass "pul­monary filters" and pass into arterial sys­tem, producing AGE upon ascent to the sur­face. 
Special thanks to Andrew R. Mrozinski , EAN instructor, DAN 02 instructor trainer, and senior therapist at St. Mary's  Hospital Hyperbaric Unit ,  West Palm, Florida, for provid­ing this information. Mr. Mrozinski can be con­tacted at St. Mary's Hospital, 901 45 th St., West Palm, FL. 33047. Fax:407-840-6137. 

(Divers Alert Network) and have the blessing of the recreational diving agencies. They are also practiced by the EMT community, in areas where diving accidents and near-drownings occur. The goal of this therapy is not only to deliver 100% oxygen to the patient, but to have the INSPIRED percentage of oxygen be as close to 100% as possible. The only delivery method capable of delivering an inspired percentage of 100% is a demand sys­tem, preferably using a mask that covers both the mouth and nose. The option of choice is to use an oxygen demand regulator with a "tru-fit" mask on a pin indexed medical grade oxygen bottle. This delivery option is capable, on demand, of delivering up to 160 liters per minute (1pm), 5-6 cfm, to a patient at a 100% inspired oxygen level. Though often uti­lized in the field, the use of an oxygen­cleaned scuba delivery system requires the patient to use a scuba regulator and breathe through the mouth. This requires a con­scious, cooperative patient who can toler­ate the regulator. In the case of an unconscious victim, noseclips or a scuba mask can be used. Field experience has shown that neither of these options is as effec­tive and comfortable as a "tru-fit" mask. A fur­ther limitation to this system, in some cases, is that it only allows for only one patient at a time, depending on configuration. Most of the standard oxygen demand regulators have the capability to deal with multiple patients, and have both demand and constant flow delivery options. What if there is no demand equipment in sight? THE MINIMUM 

t.1 Delive17 Option■
Flow Type 

Demand 
Demand 

Mask 

Trufit 
pocket 

% Inspired 02
100% 
95-100%

Constant 

Constant 

non­
rebreather 
pocket 

90% 

30-50%

R E C O M M E N D E D  "CONSTANT FLOW RATE" FOR THE THER­APY BEING ATTEMPT­ED IS 15 1pm (or about 0.5 cf/min.). This is nec­essary in order to achieve a sufficient inspired concentration of oxygen. The problem is that constant flow masks are designed with openings which allow air to enter the delivery system thus diluting the inspired percentage of 02. Lesser flow rates simply do not deliver enough oxygen to the patient during the breathing cycle. It is esJimated that fully 90% of the emergency oxygen equipment in the field is inadequate in this regard. Most have either fixed flow attached regulators or medical regulators capa­ble of only 6-8 lpm­half of the minimum flow -to accomplish thetherapy at the standard of care level. Note that the only time the demand sys­tem is not preferred is with a patient who can not tolerate the mask options available for use with this system, if there is more than one patient and only one demand valve is avail­able, or for a non­breathing victim where supplemental oxygen must be provided dur­ing CPR ventilations. Assuming your equipment is capable of delivering a minimum of 15 1pm, the best delivery option is a non-rebreather mask. This mask has a reser­voir bag, and with both exhalation ports having 

flapper valves installed, is capable of delivering an inspired oxygen per­centage of 90% to the patient. If it is a non­rebreather mask with only one exhaust flap­per valve, the inspired oxygen levels fall to about 60%. If a pocket mask is used, inspired oxygen percentages fall to the 30-50% range. Mask options and char­acteristics are shown in the table above. One last point. There are many factors involved in providing oxygen to suspected dive accident victims not discussed here. The purpose of this article is to demonstrate the need for training, not to provide a user's guide. Providing oxy­gen to suspected acci­dent victims has poten­tial legal and moral consequences. If pro­vided in the manner established as the stan­dard of care, patients will receive the maxi­mum benefits from the attempted therapy, and the provider's moral and legal position is unimpeachable. 
Lalo Fiorelli is a Managing Director of the Cross Foundation. He is an oxygen instructor for both DAN and PAD!, a f u ll cave instructor (NACD), an ANDI and !AND enriched air instructor, and has been active in the technical community since 1986. He can be contacted at: 

250 Rocky Rd., Soquel, CA. 95073. Fax: 408-464-1854. 
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New Jersey coast, and the Empress of
Ireland (145 fsw/44 msw) in the frigid 
waters of the St. Lawrence Seaway, 
Canada. The Rouses used state-of-the-art 
cave diving equipment with which they had 
many hundreds of hours of experience, 
and were extremely proficient with both air 
and mixed gas tables. Simply stated they 
were very, very good at what they did and 
they backed it up 
with experience in § 
virtually every kind � 

::;; of diving environ- l
ment imaginable, ii�except for ice. � 
Chris Sr. didn't il: 
particularly relish 
the cold. 

Chris and 
Chrissie wi l l  be 
honored by al l  
who knew them 
and were touched Chris Rouse Sr. 
by their fervor for July 91 R.V. Wahoo
diving. The cave diving community feels 
their loss keenly; so much so, that with the 
consent of the original discoverers, the 
famed "Hink le 
Restriction" in g 
Devil's Eye cave ] 
system, High � 
Springs, FL., has -£ 
been renamed the � 
" R o u s e� 0. 

Restriction." (Per 
their wishes, their 
ashes will be scat­
tered at the restric­
tion-ed. ). The 
management of 
Ginnie Springs will 
also be dedicating 
a plaque in their 

Chris Rouse Jr. 
July 91 R.V. Wahoo 

memory. For myself, I will continue to dive 
to celebrate the courageous and daring 
lives of my friends. I loved them very much. 

Ian Jones 
Doylestown, PA. 

56 aquaCorps Journal 

Turkish Contingent 

The kinds of dives you treat in your 
journal are just what we make here in 
Turkey (deep/ deep wreck). We have a lot 
of interesting shipwrecks in our seas sunk 
since 1900, including two intact, 1200 ton 
submarines with equipment inside (80-90 
msw) that nobody tries to dive. We make 
frequent dives to 60-70 msw and rarely to 
80 meters with a maximum of 100 meters 
for me, and 114 meters for another Turkish 
diver on air. We sometimes breathe oxygen 
after these dives for safety. Here there is no 
organization or dive clubs for organizing 
such serious expeditions to do this kind of 
diving. 

Asim Karscakar 
Istanbul, Turkey 

Northwest Tekkies 

Having completed an IAND trimix pro­
gram in California at Ocean Odyssey with 
my friend Eric, I just wanted to let you know 
that technical diving now at least has a toe­
hold in the Pacific Northwest. I put my train­
ing to good use as soon as I got back to 
Washington, doing a couple of deep prac­
tice dives on the passenger liner, the S.S. 
Governor. The Governor is our answer to 
the Andrea D ori a although somewhat 
smaller at 400 feet. She went down in 
1921 after being rammed, and rests in 250 
fsw (76 msw) of cold, dark, fast water in 
the middle of the main Puget Sound ship­
ping channel. Everything she carried is still 
there. Puget sound is almost total ly 
untapped as a wreck diving resource­
there are enough deep virgin wrecks to 
keep a diver busy for years. 

James R. Negris 
Mukilteo, WA. 

continued from page 29 

Mix Technology: 
An Apple among IBMs? 

If technical Diver confuses other 
aquaCorps readers as much as it confused 
me, you may be in trouble and I'm a Sun 
workstation user. You may be narked by 
your passion and expertise. Let me ask 
you, "Are you looking to be a financial suc­
cess or are you hoping to simply help 
defray the costs of your own (mixed gas) 
diving?" I am afraid that from my perspec­
tive, you are boxing yourself into an eso­
teric success and financial failure. 

Would it be better (f inancial ly) to 
ascend a few feet into the more mundane 
world of diving deeper on air for the time 
being, and evolve towards other breathing 
mixtures as they gain in popularity? Even 
PC's did not achieve success overnight. It 
took years of declining costs, increasing 
standardization and customer (business) 
acceptance for them to become economi­
cally viable. 

Are the economics of mixed gas such 
that it will gain popularity quickly enough to 
insure your success? How many mixed gas 
dives per year will even well-heeled divers 
be able to afford? Consider the fact that a 
well known wreck diver up here looked for 
a cheap way out when his tank bands rust­
ed through recently, or the fact that I still 
dive my Tekna regulator! 

Would you do better to address the 
needs of those who regularly dive in the 
1 20-180 fsw range but do not have the 
money or the desire to push the envelope ? 
Isn't that the root of aquaCorps success? I 
think aquaCorpsltechnical Diver has an 
identity problem. But then again, you might 
be on your way to becoming the Steve 
Jobs of technical diving. 

Bill Schmoldt 
Brielle, New Jersey 

Progressive Training 

I am very technically oriented (holding 
a B.S. in Chemical Engineering), just com­
pleted my nitrox certification course and am 
extremely interested in expanding my skills 
in technical diving. The information I'm look­
ing for is not only in regard to agencies and 
dive shops that offer training, but the 
appropriate progression of steps in that 
training. I have been diving moderately 
deep by recreational standards, but have 
never been deeper than 110 fsw (33 msw) 
or have any perception as to my suscepti­
bility to nitrogen narcosis. Any information 
you could provide along these lines would 
be appreciated. 

Robert Martin 
Astabula, OH. 

Unfortunately, at present there is no 
well defined transition path from recreation­
al to technical diving, though an enriched 
air course is a good first step. Most individ­
uals have gotten where they are through 
the "apprenticeship method, " i.e. regularly 
diving with others who already have the 
knowledge and experience. Probably the 
single best way to begin to expand your 
technical diving knowledge and skills is to 
take a full cave diving course. And of 
course, do a lot of diving. 

The Business of Diving 

Undoubtedly the adventurous diving 
community will be using gas mixes more 
and more. This is the subject of great inter­
est to us as a business, and I feel that we 
should be looking at the issue more thor­
oughly for our long term survival. 

John R. Ellis 
Seaways Inc./BSAC School 
Truro, Cornwall, U.K. 

Corrections: 
Perpetual Motion 

I noticed in your quote by Rick 
Freshee, SportDiver Magazine (aquaCorps 
N3, "Mix," pg.23) Rene Buzzoz (the first 
U.S. "aqualung" distributor) was misspelled. 
It should be "Bussoz." It's a small thing that 

only a few would notice, but why continue 
an error that was started by someone else. 

Dr. Sam Miller 
Anaheim, CA. 

There's no good reason at all. Thanks. 

Get it Right 

For the second time you have 
informed your readers that 1 meter= 
3.2568 ft. The Oxford English, Collins and 
Heinmann dictionaries, as well as my impe­
rial/metric conversion calculator say 1 
metre=3.2808 feet. It's not a significant dif­
ference, but aquaCorps should get it right. 

Christian Gerzner 
Matchum, NSW 
Australia 

You're absolutely right with regards to 
linear measures (And aquaCorps. Thank 
you.): 1 metre=3.2808 feet. The problem is 
that things get a bit sticky when using these 
measures as pressure units, which must 
take into account the density of sea water. 

International convention defines: 
1 atmosphere (atm) = 10. 13 meters 

of sea water (msw), 
based on a sea water density of 1.01972 
gm/cm3 at 4° C. However, imperial pres­
sure units are defined as: 1 atm = 33. 08 
feet of seawater (fsw), which equates to a 
density of 1.02480 gm/cm3 at 4° C. (Note 
that the density of pure "distilled" water is 
1. 00 gmlcm3 at 4 ° C.-ed.) Equating
these expressions yields: 1 msw = 3.265
fsw. It's a strange world we live in. 

Thank you for bringing this issue to our 
attention. We learned something in having 
to figure it out. Note that, beginning with 
this issue of the Journal, aquaCorps will be 
specifying depth in both feet and metres of 
seawater, using the 3. 265 fsw. 

"Thanks For 
The Fish" 

A special 
thanks to Richard 
Stewart, publisher 
and editor of 
Sport Diver Trade 
Journal and 
Traveler, who 

helped us get out our last issue of the 
Journal, aquaCorps N4, "MIX." Wouldn't 
have made it without him. A tenacious 
denizen and pioneer of the dive publishing 
world, Stewart got his start in publishing 
over 1 6 years ago and has been putting 
out Sport Diver books ever since. 

A Plug For SOLO 

Watersport Publishing has just 
released its second printing of "Solo 
Diving, " by Robert Von Maier, first published 
soon after aquaCorps N3, "SOLO" hit the 
streets. Glad to know we're not alone. 
Unlike "SOLO," at present, they have 
copies. (See tek.GUIDE, pg. 17, Technical 
Information). 

Thank you for your interest and sup­
port. Your thoughts and feedback are 
extremely important to us. Please keep 
those letters and cards coming. M2 

Note that reader letters have been 
edited for space considerations. 

What does the future of self-contained diving hold? 
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BENT continued from page 3 
more fruitful. In the commercial world, DCI is an expected occupational hazard, part of the job. If it is treated immediately (and properly), the consequences can be reduced to near zero, making it more of a painful inconvenience-shit happens­than a life or career-threatening ordeal. 
The solution for the technical community is to expect and plan for DCI and be pre­pared to deal with it. Though efforts like the DANs field oxygen administration are an excellent beginning, more is needed. Author Bret Gilliam recently compared the situation to staging a highschool foot­ball game: "It would be stupid and irre­sponsible on the part of a coaching staff to not be prepared to treat injuries." Ouch. More specifically, in a recent editor­ial in the Associated Dive Contractors (ADC) magazine, Underwater, editor Cavett Hughes observed that technical diving was "severely deficient" in most of the basic consensual safety principles established by the ADC. She illustrated her point by way of example, correctly and incredulously pointing out that , "many of these deep dives have been done not only without a chamber on site, but o"(ten hours away." (italic-ed.). 
Historically both the sport and scientific diving communities have resisted the move to on site chambers due to the lack of demonstrated need, economics, loss of operational flexibility and, in the case of some sport operators, the belief that pro­vi ding additional "topside support", specifically a chamber, would increase assumed responsibility and, therefore lia­bility. These factors appear to have been some of the initial hurdles that were faced in getting chambers installed at diving resorts, which has now become common practice. 
Interestingly this world order is changing with the promulgation of the technical diving movement and the development of new methods and technologies. Rather than by decree from government or other regulatory agencies (which should and would be fought "tooth and nail" in any account), this changeover may be more a function of technology and its associated economics. 
In-water oxygen therapy (see "In-water Recompressi on," pg. 46) appears to be a promising, though perhaps transitional, solution to the problem of field treatment for technical divers. Historically, in-water recompression has suffered from signifi­cant stigma, and it is not without legitit­mate risk. Much of the reluctance to 
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accept in-water treatment can be traced to the lack of knowledge, training, experi­ence and equipment on the part of the recreational community. Though the con­cept will take some work to properly implement on a widespread scale, the technical community does not suffer from the same limitations as its mass market counterpart. In-water oxygen decompres­sion is a standard practice, divers general­ly have adequate thermal protection (dry suits), and the proper equipment to implement in-water therapy is readily available. 
Probably the most exciting news is the development of Kevlar-based portable chambers being pioneered by the UKs SOS Ltd (see "Portable Chamber Technology, " pg. 9, tek.GUIDE). Priced at around US$30,000, suddenly the prospect of con­ducting a Doria dive with an onsite cham­ber on board seems less remote, and given the nature of the beast, quite appealing. What's more is at least one other US com­pany is reported to be rolling out a new portable this year priced in the US$18,000 

tek.94 

range-about the cost of outfitting two technical divers, if you include their scooters. Gulp. 
Will onsite chambers become the future community standard for technical diving? Perhaps the more relevant question is: who would you rather be diving with, "the haves" or the "have nots"? With regards to assumed liability, it is not unlikely that the issue may eventually be reversed. "You conducted this operation with­out a chamber?" Unrealistic? Just consider the hypothetical outcome of a court case today involving a technical operator who conducted a 300 fsw (92 msw) guided wreck dive on "air." 
The bends remains a formidable issue in the development of technical diving if our objectives of improving safety are to be met. Perhaps the first step is simply to get it out in the light of day so that we can examine it better. That's what this issue of aquaCorps is all about. 
Michael Menduno 

The Emerging Dive Technologies Conference 
January 9-llth, 1994, New Orleans, LA. 

For registration and exhibitor information, contact: aquaCorps PO Box 4243, Key West, FL. 33040. 1-800-365-2655. f: 305-294-7612
In Europe: 15 Claudia Place, Augustus Rd., London SW19 6EX p: 44(81) 789-0961. f: 44(81)780-2018 

Highlights: • Trimix/Heliox Workshop• Imaging Technologies• Dive Computing• Special feature: "VirtualReality" Systemsand much much more
What does the future of self­contained diving hold? Find out at the tek.94, The 
Emerging mve Technologies 
Conference, to be held next year, January 9-1 lth, 1994, In New Orleans, just prior to the DEMA show. 

aquaCorps 
tek.94 
Conference 

Reserve your copy ADVANCED· 
ii 

t l aquaCorps' 
tek.93 
Proceedings B.R.Wicnke If 

you're look­
ing to expand 

your depth, take 
··advantage of some of the

Best technical books available 
in diving. With over 160 titles to 

choose from, they can take you as deep 
as you want to go. Orders taken 14 hours a 

day, by toll free phone; 1-800-468-1055, by 
fax: 1-602-526-0370, or by mail to: Best 
Publishing Company, P.O. Box 30100, 
Flagstaff, AZ 86003 USA. Call for a Overnight or 

Two-Day Delivery 

free catalogue. 
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INTRODUCING THE NEW EAN- COMPATIBLE 
Enriched air nitrox (EAN) represents the 

new wave in diving safety and perfor-

mance, much as the dive COff!puter did in 

the eighties. The problem is that "air-

based" dive computers simply aren't 

designed to manage enriched air decom-

pression requirements. As a result, diving 

"nitrox" meant diving ta,bles.-l:Jntil now. 

Created by Dive Rite Manufacturing 

Inc.- the specialty diving people- The 

Bridge is a (�'11 function, high perfor-

mance, variable-mix computer that'.s com-

patible with nitrox mixes ranging from air 

(21 % 02) to EAN 50 (50% 02, balance 

nitrogen). That means you can get the 

full performance of your diving mix, while 

improving your safety as well. 

In fact, The Bridge incorporates a lot of 

. 
safety and performance features that we 

think you'll appreciate. Like a CNS oxygen 

Dive Computer from 

toxicity algorithm that tracks your expo-

sure to increased partial pressures of 

oxygen and sounds an audible alarm 

when the limits are reached. Full func-

· tion Buhlmann-based decompression

monitoring with stops to 90 fsw. Dive 

logging. Dive profiling. Time of day 

and date clock. Low battery warning. 

Not a mention a user friendly PC inter-

face and simulation software that will 

let you record, analyze and plan your 

dives offline. 

Ride the wave of the future. Today. call I-

904-752-1087 for the Dive Rite dealer 

near you. In Europe call 44(753) 841-686. 

Or write to us at: Route 14, Box 136, Lake 

City, FL. 32055. Fax# (904) 755-0613. 

4, . . �� 
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INC. 

Dive Rite 




