
PROCEEDINGS OF

BIOMECHANICS OF
SAFE ASCENTS
WORKSHOP

E

— 10 ft

30 ft

TIME

AMERICAN ACADEMY OF UNDERWATER SCIENCES

September 25 - 27, 1989
Woods Hole, Massachusetts



Proceedings of the AAUS
Biomechanics of Safe Ascents Workshop
Michael A. Lang and Glen H. Egstrom, (Editors)

Copyright © 1990 by
AMERICAN ACADEMY OF UNDERWATER SCIENCES
947 Newhall Street
Costa Mesa, CA 92627

All Rights Reserved

No part of this book may be reproduced in any form by photostat, microfilm, or any other
means, without written permission from the publishers

Copies of these Proceedings can be purchased from AAUS at the above address

This workshop was sponsored in part by the National Oceanic and Atmospheric
Administration (NOAA), Department of Commerce, under grant number 40AANR902932,
through the Office of Undersea Research, and in part by the Diving Equipment
Manufacturers Association (DEMA), and in part by the American Academy of Underwater
Sciences (AAUS). The U.S. Government is authorized to produce and distribute reprints
for governmental purposes notwithstanding the copyright notation that appears above.

Opinions presented at the Workshop and in the Proceedings are those of the contributors,
and do not necessarily reflect those of the American Academy of Underwater Sciences



PROCEEDINGS OF
THE AMERICAN ACADEMY OF UNDERWATER SCIENCES

BIOMECHANICS
OF

SAFE ASCENTS
WORKSHOP

WHOI/MBL
Woods Hole, Massachusetts

September 25 - 27, 1989

MICHAEL A. LANG

GLEN H. EGSTROM

Editors

American Academy of Underwater Sciences
947 Newhall Street, Costa Mesa, California 92627 U.S.A.

An American Academy of Underwater Sciences
Diving Safety Publication

AAUSDSP-BSA-01-90



CONTENTS

Preface i
About AAUS ii
Executive Summary iii
Acknowledgments v

Session 1: Introductory Session
Welcoming address - Michael A. Lang 1
Biomechanics of Safe Ascents Workshop introduction - Glen H. Egstrom 3
A historical look at ascent - Rev. Edward H. Lanphier 5
Introductory Session Discussion - Chair. Glen H. Egstrom 9

Session 2: Physics Session
Phase dynamics and diving - Bruce R. Wienke 13
The physics of bubble formation • David E. Yount 31
Physics Session Discussion - Chair: Glen H. Egstrom 45

Session 3: Physiology Session
Growth of pre-existing bubbles in the body during ascent from depth

- Hugh D. Van Liew 47
Ascent rate experiments and diver safety - Charles E. Lehner 55
Ascent and silent bubbles - Andrew A. Pilmanis 65
Physiology Session Discussion - Chair: Glen H. Egstrom 73

Session 4: Modeling Session
Slow ascent rates: Beneficial, but a tradeoff- R.W. Hamilton 79
Ascent rates versus inert gas dynamics algorithms - Donald R. Short 83
Modeling Session Discussion - Chair Glen H. Egstrom 91

Session 5: Impact of Dive Equipment on Ascent Rate
Dry suit buoyancy control - Richard Long 103
Dry suit valves and performance - Robert T. Stinton 111
Biomechanics of buoyancy compensation and ascent rate - Glen H. Egstrom 123
Dive computer monitored ascents - Panel: Lang, Walsh, Lewis, Coley, Huggins 127
Dive Equipment Session Discussion - Chain Michael A. Lang 137

Session 6: Impact of Training on Ascent Rate
Chamber perspective of diving accident incidences - Andrew A. Pilmanis 139
The Divers Alert Network (DAN): Diving accident data and its implications

- J.A. Dovenbarger, P.B. Bennett, and CJ. Wachholz 143
A review of ascent procedures for scientific and recreational diving - John E Lewis 153
Buoyancy control and ascent rates - Walter F. Hendrick, Sr. 163
Recreational training agencies' ascent training policy statements

- NAUI, SSI, YMCA, PADI 169
Ascent Training Session Discussion - Chair: James R. Stewart 179

Session 7: SCUBA Equipment Standardization
SCUBA equipment standardization discussion - M. A. Lang and G.H. Egstrom 187

Session 8: Individual Perspectives
Insights gained: Diving accidents concerning ascents - Jon Hardy 197
Individual Perspectives Session Discussion - Chair: Michael A. Lang 201



Session 9: General Discussion, Concluding Remarks

Workshop Co-Chairs: Michael A. Lang and Glen H. Egstrom 205

Appendices

Participants list 207
Workshop program 211
Ascent rate comparisons 215



Preface

The third major AAUS Workshop addresses the complexities of safe ascent rate.
The information contained in this monograph is the result of the combined efforts of nearly
fifty nationally recognized experts drawn from a variety of fields related to diving. The
papers and discussions reflect some differences of opinion with regard to the options
available to the diver when ascending from a dive. The message from these experts is,
however, quite clear. There is a risk associated with ascending to the surface following a
dive that can be minimized for the diver who will learn to exercise control over the
buoyancy characteristics of the equipment in order to be able to make a stop 15-20 feet
from the surface with ascent rates not in excess of 60 feet per minute. Once again, we are
indebted to a group of dedicated professionals who gave of their time and energy to
develop a position statement that represents the state of the art with regard to the
understanding of the importance of controlling ascent rate. As a result of this workshop we
have a clearer understanding of the known and the unknown that should provide guidance
for our training programs and challenges for our researchers.

A very special thanks to our hosts Terry Rioux at the Woods Hole Oceanographic
Institution and Anne Giblin at the Marine Biological Laboratory who provided an
outstanding facility for the workshop and to Mike Lang who has pulled mightily on the
oars to insure that die proceedings are not delayed on their path to the diving public.

Glen H. Egstrom, Ph.D.
President,
American Academy of Underwater Sciences



About AAUS

The American Academy of Underwater Sciences (AAUS) is a non-profit, self-
regulating body dedicated to the establishment and maintenance of standards of practice for
scientific diving. The AAUS is concerned with diving safety, state-of-the-art diving
techniques, methodologies, and research diving expeditions. The Academy's goals are to
promote the safety and welfare of its members who engage in underwater sciences. These
goals include:

* To provide a national forum for the exchange of information in scientific diving;
* To advance the science and practice of scientific diving;
* To collect, review and distribute exposure, incident and accident statistics

related to scientific diving;
* To promote just and uniform legislation relating to scientific diving;
* To facilitate the exchange of information on scientific diving practices among

members;
* To engage in any or all activities which are in the general interest of the

scientific diving community.

Organized in 1977 and incorporated in 1983, the AAUS is governed by a Board of
Directors. An Advisory Board of past Board of Directors members provides continuity and
a core of expertise to the Academy. Individual membership in AAUS is granted at the
Member, Associate Member, and Student Member categories. Organizational membership
is open to organizations currently engaged in scientific diving activities. Maintenance of
membership is dependent on a continued commitment to the purposes and goals of the
Academy, compliance with the reporting requirements and payment of current fees and
dues.

* For the diving scientist, AAUS provides a forum to share information on diving
research, methodologies and funding;

* For the diving officer, AAUS provides an information base of the latest
standards of practice for training, equipment, diving procedures and managerial
and regulatory experience.

* For the student, AAUS provides exposure to individuals, agencies and
organizations with on-going programs in undersea research.

Scientific diving means diving performed solely as a necessary part of a scientific
activity by employees whose sole purpose for diving is to perform scientific research tasks.
Scientific diving does not include tasks associated with commercial diving such as: rigging
heavy objects underwater, inspection of pipelines, construction, demolition, cutting or
welding, or the use of explosives.

Scientific diving programs allow research diving teams to operate under the
exemption from OSHA commercial diving regulations. This reduces the possibility of an
OSHA fine and some concern regarding civil liability. Civil suits examine whether the
"standards of practice of the community" have been met Diving programs which conform
to AAUS standards reflect the standard of practice of the scientific diving community and
allow divers from different institutions to perform underwater research together. This
reciprocity between programs is the product of years of experience, trust and cooperation
between underwater scientists.

u



EXECUTIVE SUMMARY

The Biomechanics of Safe Ascents represents the combined effort of a group of selected
experts in diving physics, physiology, equipment and training to address questions associated
with diver ascent rates. There was consensus that there is a risk to the diver. In recent years
the advent and increasingly wider use of dive computers, which require a variety of ascent
rates, to assist divers in making safe ascents, has lead to a basic question. What is a safe and
reasonable ascent rate?

The traditional ascent rate of 60 ft/min is based upon the United Sates Navy tables.
Presentations by formulators of the original United States Navy tables indicate that this rate
was a operational compromise between the fastest rate a hard-hat diver could be physically
hauled to the surface, and the fastest rate a free swimming diver could swim to the surface.
It also represented an ascent rate of 1 ft/min which could easily be calculated by the diver
and surface tenders.

Dissolved and free gases within tissues do not behave in the same manner. Models
indicate that bubble formation within tissues is initiated at micronuclei. The size and behavior
of these bubbles is determined by the degree of saturation and the rate of ascent. A slow
ascent rate has the advantage of maintaining the micronuclei under pressure, but has the
disadvantage of slowing the diffusion of nitrogen from the tissue. The "staged" diver ascent -
a relatively rapid ascent punctuated by stops at progressively shallower depths - approximates
the ideal profile of a gradual but continuously decreasing pressure. The objective of such a
protocol is to allow time for gasses to escape via the lungs and avoid supersaturated
conditions which lead to the formation of bubbles in the blood or tissues. However, testing
of human subjects has shown that dives conforming to U.S. Navy "no-decompression" limits
produced bubble nuclei in all subjects after all dives. The occurrence of these "silent bubbles"
was almost eliminated when divers stopped at depths of 20 to 10 feet for 1 to 2 minutes.

All of the data presented indicated that slower ascent rates decreased the likelihood of
bubble formation and that a shallow stop for a short period of time significantly decreased
the risk of pressure related injury.

Studies showed divers rarely ascend at rates as low as 60 ft/min. In practice, divers
generally cannot recognize an ascent rate of 60 ft/min, and too frequently relied on equipment
to replace adequate training in buoyancy control. The control of buoyancy is imperative in
attaining and maintaining a predetermined rate of ascent. Tests of scuba divers with fully
inflated buoyancy compensators showed rates of ascent ranging from 68 to 150 ft/min at
depths of approximately 10 feet, and increased to a maximum of more than 250 ft/min in the
last 4 feet of the ascent.

The technique of buoyancy control in wet suits or dry suits is exactly the same, that is
proper weighting and the adding or expelling of air to remain in neutral trim. Training is
required to reach and maintain a degree of proficiency. In dry suits an automatic exhaust
valve located in the upper portion of the torso is recommended. In wet suits added emphasis
must be placed on training the individual diver to recognize the importance of proper
weighting and maintenance of control of buoyancy. In addition buoyancy compensators should
be equipped with a rapid exhaust valve that can be activated in the horizontal swimming
position.
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In the examination of the records of hundreds of cases recompression treatment for
pressure related injuries, approximately half were related to loss of buoyancy control. At
present, it would appear that divers do not have adequate equipment or training to allow
them to effectively monitor and control their ascent.

In summary, it has long been the position of the American Academy of Underwater
Sciences that the ultimate responsibility of diver safety rest with the individual diver. Divers
are encouraged to slow their ascents.

SAFE ASCENT RECOMMENDATIONS

1. Buoyancy compensation is a significant problem in the control of ascents.

2. Training in, and understanding of, proper ascent techniques is fundamental to safe diving
practice.

3. Before certification, the diver is to demonstrate proper buoyancy, weighting and a
controlled ascent, including a "hovering" stop.

4. Diver shall periodically review proper ascent techniques to maintain proficiency.

5. Ascent rates shall not exceed 60 fsw per minute.

6. A stop in the 10-30 fsw zone for 3-5 min is recommended on every dive.

7. When using a dive computer or tables, non-emergency ascents are to be at the rate
specified for the system being used.

8. Each diver shall have instrumentation to monitor ascent rates.

9. Divers using dry suits shall have training in their use.

10. Dry suits shall have a hands-free exhaust valve.

11. BC's shall have a reliable rapid exhaust valve which can be operated in a horizontal
swimming position.

12. A buoyancy compensator is required with dry suit use for ascent control and emergency
flotation.

13. Breathing 100% oxygen above water is preferred to in-water air procedures for omitted
decompression.

IV
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WELCOMING ADDRESS

Michael A. Lang
Biomechanics of Safe Ascents Workshop Co-Chair

Department of Biology
San Diego State University

San Diego, CALIFORNIA 92182 U.S.A.

On behalf of the American Academy of Underwater Sciences, I welcome you to
Woods Hole, Massachusetts, the Woods Hole Oceanographic Institution, the Marine
Biological Laboratory and the Biomechanics of Safe Ascents Workshop. This workshop is
the third in the series of AAUS Diving Safety Workshops. The first workshop was held in
November 1987 at the University of Washington, Seattle, and focused on cold water
diving methods, equipment, physiology and specialized training considerations. The
second workshop was convened in September 1988 at the USC Catalina Marine Science
Center addressing dive computer procedures, guidelines for use and the underlying
principles and algorithms. This year we aim to enhance our efforts to increase diving safety
in general and specifically examine ascent rates: physics, physiology, training and
equipment involved in bringing a diver to the surface.

The self-introduction of invited speakers, workshop participants, and their
affiliations acquainted the workshop with the workshop attendees. A brief program
overview was followed by administrative comments regarding workshop logistics and
proceedings.

The following sponsoring agencies have made this workshop and the dissemination
of the resulting information to the diving public possible:

• American Academy of Underwater Sciences (AAUS)

• Diving Equipment Manufacturers Association (DEMA)

• National Oceanic and Atmospheric Administration (NOAA).



BIOMECHANICS OF SAFE ASCENTS WORKSHOP INTRODUCTION

Glen H. Egstrom
President, American Academy of Underwater Sciences

Biomechanics of Safe Ascents Workshop Co-Chair
3440 Centinela Ave.

Los Angeles, CALIFORNIA 90066 U.S.A.

It is really a pleasure to be here and once again see that the American Academy of
Underwater Sciences was able to mount an effort to deal with a problem that is both timely
and important. I am reminded of a couple of things that have happened in the past. One is a
quote that has become somewhat famous and is attributed to Jim Stewart who, when
observing about meetings of this sort said that frequently you get more information over a
cold beer in the dark of night than you do from the deliberations of the day. I hope you
recognize that this is not a workshop that is limited just to the structure of this particular
program, but that hopefully we will have an opportunity for people with similar interests to
be able to discuss these topics at length and with all candor. I am also reminded of another
quote where an individual made the observation that he had never encountered a problem,
however complicated, which, when viewed in the proper perspective, didn't become more
complicated. I really mink that is part of the problem of what we are running into, because
when most of us in this room were trained as divers, life was really pretty simple. We had
one set of dive tables to contend with and they came from the bible, the U.S. Navy Diving
Manual. We had one ascent rate if you didn't read through the entire document too
carefully. Reading more in-depth reveals that perhaps there were some considerations for
some other ascent rates, but it was always "ASCEND NO FASTER THAN 60 FEET PER
MINUTE", which was somehow equated with the small bubbles, smaller bubbles, smallest
bubbles, or the person's best guess as to what that all amounted to.

One of the other things I believe we need to be aware of is an observation that was
made by Einstein who said: "you should always try to make things as simple as possible,
never simpler". Our major concern at this meeting is that when we start to put all of this
information together, that we are, in fact, not only going to try to make it as simple as
possible, but are also going to have readily aware that what we are doing is probably going
to have a significant impact on what will tal$e place within the instructional and possibly
even the scuba equipment design communities as they are involved in our underwater
activities.

These are not simple issues. Regarding this whole notion of ascent rates, if we
could just belt out a number and walk away from it, we wouldn't have to have this kind of
a workshop. What has taken place then is that we have been charged over the next two and
a half days with trying to clarify the issues regarding the rate of ascent, in order to
determine if it makes a difference if we come up faster, slower or at the rates of speed that
divers are currently using. We are going to become familiar to a degree with the mechanics
of bubble growth and formation, and how these processes act, in a manner that we have
not been exposed to before. Most of us have some generic sense of what bubbles are and
what they do, but, in fact, when looked at by the people who really have that particular
insight, it is not a simple issue.
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We also are going to be pressed to consider rationally the risk factors that are
involved because this is certainly where the game is being played today. We, as a group of
scientific divers and scientists who are interested in the issue of health and safety, are hard
pressed to be able to objectify all of the kinds of risks that are involved in our particular
sport. I think we do a better job than most, but in fact I believe that sometimes we have not,
perhaps, paid as close attention as we should to some topics. To other notions we have
paid too much attention because there is a significant body of myths that is operational. I
hope that we can factor out some of the myths, so that we can go away from Woods Hole
with a perspective that is going to be helpful to us all.

Basically, what we are charged to do is to try to quantify what we know and
identify what we don't know so that we can start to make progress in that direction. We
will, in this workshop, as I believe we did in the AAUS Dive Computer workshop last
year, establish a state-of-the-art, if you will. In other words, at this point in time, this is
what we know and understand and this is how we believe that it should be used in the best
interests of our sport and our industry. Today we are going to have a rare opportunity to be
able to get some historical perspective that I suspect could not be given by anyone other
than Dr. Lanphier. We are going to have the opportunity to be able to get insight into the
mechanics of bubbles, what they do and how they operate. We are going to be able to have
discussions that will relate to the equipment issues that impinge on this particular type of
phenomenon, as well as the training issues with which the majority of the people in this
room are very concerned.

I do make the observation again that when most of us started diving, life was really
simpler. I recall fondly the resistance that Jim Stewart had to adding any kind of flotation to
a diver. If you needed flotation, you would blow in your sleeve and catch the bubble up in
between your shoulder blades, which actually works just fine as long as you stay in the
horizontal position. The question was: "What are the tradeoffs associated with this
additional equipment that you wear and is buoyancy compensation really necessary?" We
have gone through a period of being concerned only with the business at hand, and as a
result, we now have gotten to the point where the envelope that the diver occupies in the
water column has grown larger and larger. A good portion of that envelope is associated
with a variety of gas containing equipment items (i.e. BC's, thermal protective suits, etc.)
Within this problem area we have seen a growing concern for the kinds of problems that
are going to be associated with ascent.

What I would also like to see come from this workshop is really an issue of some
magnitude, which is: "What are the optimal ascent rates for people that are involved in our
particular area of endeavor?" In other words, how fast should divers come up? "What are
the tradeoffs if they come up at unacceptable rates of speed?" I believe that we are going to
have a good deal of illumination in this area and for those of us who have been making
some statements for years, we may have to change those as a result of the interface with
facts.

I would like to finish this little portion of the exercise by saying that we all have the
opprotunity to deal with this topic in a framework where we will not have made up our
minds to the point where we are not willing to be confused by the facts because I believe
that there is still significant confusion and misinformation operational in the field today. We
are going to take two and a half days and hopefully some of the evenings to educate
ourselves on ascent rate facts.

With that in mind, we have asked Dr. Lanphier if he would be willing to share with
us some historical perspective and he was gracious enough to accept our invitation, so I
would like to welcome as first speaker, the Rev. Ed Lanphier.



A HISTORICAL LOOK AT ASCENT

The Rev. Edward H. Lanphier, M.D.
Department of Preventive Medicine

U.W. Biotron, 2115 Observatory Drive
University of Wisconsin

Madison, WISCONSIN 53706 U.S.A.

In considering a question like Safe Ascent, part of the process is
understanding "how we got to where we are". Having been in this field
since 1951, I hope to shed some light on this question from my own
recollections and other sources not widely available. For example, I was
part of the small but representative group that chose 60ftlmin as the rate of
ascent for the 1958 USN air decompression tables. Only recently, re-
reading parts of Sir Robert Davis' rare but famous book, I learned that 60
ftlmin had also been accepted long before.

Introduction

I believe that I am the second-oldest investigator still active in Diving Medicine and
Underwater Physiology. That probably entitles me to tell sea stories and try to portray what
diving was like back in the days when men were men. Here, however, I'll try hard to stick
to relevant information.

The main reason I'm pleased and grateful for being part of this Workshop is that the
work Dr. Charlie Lehner and I have done with sheep and goats has focused our concern on
the risk of central nervous system (CNS) injury from decompression sickness (DCS). This
risk appears to be greatest in relatively short, relatively deep dives - clearly prevalent in
both sport diving and scientific diving. It seems very likely that the pattern of ascent holds
the key to reducing the risk of CNS DCS. In fact, we are on the verge of starting a study
on this topic. This Workshop should help us decide just where to begin and what sorts of
procedure to investigate.

Ancient history

I haven't tried to go back beyond the early 1900's, but it is interesting to note that
ascent procedure was being argued even then. Prof. J.S. Haldane [1], whom we revere for
his fundamental work on decompression tables, had a worthy rival: an equally-notable
physiologist who was also deeply interested in decompression, Sir Leonard Hill [2].

Hill seriously questioned Haldane's stage decompression concept - especially
for longer exposures - and advocated uniform decompression - the "slow bleed"
approach, which indeed has prevailed in caisson and tunnel work and - much more recently
- in very deep diving. Also, we know now that Haldane was off base in supposing that
freedom from symptoms meant freedom from bubbles. It has even been suggested that
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Haldane's initial ascent produces bubbles that can slow the elimination of gas and cause
problems later. We obviously need to keep an open mind.

Early practice

Sir Robert Davis1 classic book, Deep Diving and Submarine Operations [3] details
Royal Navy practices as of 1962 and before. The main thing I gleaned there is that the rate
of ascent to the first stop should not exceed 60 ft/min. The concern seemed to be less with
the rate of ascent itself than with the chance that the diver would miss his first
decompression stop if he were coming up too fast.

A copy of the Royal Navy's The Diving Manual of 1943 [4] confirms this. It also
has an excellent illustration of the contemporary hand-driven divers' air pump. The gauges
on the front (one for each of two divers) are especially important since the reading is
essentially equal to the diver's depth. The dive supervisor is instructed to consult the chart
inside the pump cover to determine the gauge error, then use the gauge to determine the
depth and rate of ascent.

The 1950's

I came on the scene at the Experimental Diving Unit (EDU) in 1951. At that time, it
was located on the Anacostia River in the Washington, D.C. Navy Yard. Soon, and for
some time thereafter, our "Bible" was a slender volume known as the Bureau of Ships
Diving Manual, NAVSHIPS 250-880, issued in 1952 [5]. Ascent at "not over 25 ft/min"
was firmly implanted there, and I have not been able to find out why that rate had been
chosen - or when.

The 25 ft/min rate was naturally reflected in Submarine Medicine Practice,
NAVPERS 10838, issued in 1949 [6], and it never occurred to us to question that when
we produced a revised Submarine Medicine Practice, issued in 1956 [7].

In 1954, EDU had a most interesting visit by French naval officers from "GERS"
(Groupe d'Etudes et de Recherches Sous-Marines de la Marine Nationale). Most of them
had been associated with Cousteau. Later, one of these officers kindly sent me a copy of a
fine little book that they had produced: La Plongie, published in 1955 [8].

Going through La Plongie in preparation for this Workshop, I found some
interesting things concerning ascent. Allowing for my ability to translate, one statement
was that the duration of ascent to the first stop is an element in decompression. Another
was that divers with self-contained equipment are capable of ascending as rapidly as 60
meters/min - roughly 180 ft/min - but that as the surface or first stop is approached, this
speed should be considerably reduced.

The section on ascent without stops presents depths and times resembling our "no-
D" limits. (A curve of these depth/time limits elsewhere in the book suggests a maximum
depth of 40 meters, where the allowable time is 15 min.). The text states that the diver
should always take at least one minute to traverse the final 10 meters of ascent. If the dive
was deeper than 40 meters, a short stop at 3 meters is indicated. "Negligence of these
precautions in general tends toward illness."
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The 1958 USN air tables

I remember one morning, probably in 1956 or 1957, when EDU personnel and a
selected group from elsewhere met in a borrowed room in the nearby Naval Reserve
Training building. The main topic concerned the proposed new USN Diving Manual; I'd
been designated as editor of Part I; others were being consulted about suggested content,
willingness to contribute, etc.

Decompression was definitely not the primary topic of discussion, but the main
reason for having a new diving manual at that point was to put forth the new air
decompression tables that Officer-in-Charge Maino des Granges and his merry band had
been working on. In any case, the proposed rate of ascent in the new tables became a hot
topic of discussion.

CDR Doug Fane, representing his West-coast Underwater Demolition Team, was
adamant in saying that his frogmen couldn't possibly observe anything as slow as 25
ft/min. What they wanted was more like 100 ft/min - or even faster. The hard-hat types
insisted that nothing of the sort would be practical for hauling up divers in suit and helmet.

Those involved in calculating the tables insisted that ascent was an important
element in decompression and that two complete sets of schedules would have to be
produced for different rates of ascent - and that doing so would be utterly impractical.

I'm quite sure nobody complicated matters further by asking for a variable rate. It
was assumed that one constant rate would apply between the bottom and surface or the first
stop.

In that setting, the two sides decided to compromise on 60 ft/min. That had the
merit of being one foot per second, and it seemed possible for a hard-hat diver to be hauled
up that rapidly and for a scuba diver to come up that slowly. Anyhow, the group decided
on 60 ft/min, and the calculations proceeded on that basis.

I doubt that Doug Fane or anybody else realized quite how slow 60 ft/min would
seem in practice. I suspect that Doug figured that coming up a little faster wouldn't really
hur t . . . and the hard-hat contingent probably thought that coming up slower than 60 ft/min
wouldn't matter much, either.

In any event, the calculator - presumably Dr. Bob Workman at that stage -
concluded that variations from 60 ft/min could make a real difference under some
circumstances - a difference sufficient to warrant some rules. I seem to recall that, as editor,
I had to squeeze those rules into the new Manual [9] in as intelligible a form as possible. I
did my best, but I never got to the point where I could remember them from one day to the
next myself.

The basic ideas were that if a diver tarried close to the bottom, he would take up
enough extra gas to require more time in decompression. On the other hand, if he came up
too rapidly, he would miss some of the decompression time that ascent at 60 ft/min would
have afforded. Adjustments were to be made accordingly.

In the current (1985) USN Diving Manual [10], the rules are basically the same; but
they are presented with examples that seem to help considerably in getting the ideas across.

HI assume that most of you are familiar with more recent developments concerning
ascent, so this concludes my excursion into history.
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Current implications

It will be both interesting and beneficial to hear what the participants in this
Workshop believe and suggest concerning ascent. Basically, I'm most impressed by the
lack of solid experimental data on this subject. We must try hard to avoid "determining the
truth by voting on it in the absence of information" and setting up new procedures just
because they sound good.

At the same time, the need for better ascent procedures seems urgent, and there are
things that surely can't hurt and might be of some help - like a stop at 30 ft or less on
ascent.

To my knowledge, only Dr. Lehner and I have actual plans for looking into this
matter experimentally, and we will be doing so in sheep. This allows us to be more
provocative than with human subjects, but our conclusions will have to be checked
cautiously in humans. We hope that others will be able to undertake experimentation that
will supplement and check what we can do.
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Session 1: Introductory Session Discussion

INTRODUCTORY SESSION DISCUSSION
Discussion Leader: Glen H. Egstrom

Hugh Van Liew asked if there was evidence from the tunnel work that the "slow
bleed" really did work better than the stage decompression? Ed Lanphier responded that he
really couldn't answer that.

The next question inquired if there was a relationship of ascent rates and procedures
in preventing bone necrosis at deeper depths/times? Ed Lanphier answered that Eric
Kindwall would say that we didn't have procedures that would work for higher pressures
or longer exposures to really prevent bone necrosis. Furthermore, Hills had some data on
comparative approaches to decompression that he found quite convincing, but did not have
time to analyze those.

John Lewis wondered whether there was any testing that supported the Navy
procedures for omitted decompression. Ed Lanphier couldn't remember, it was too long
ago. "That is one disadvantage of being so old. I like to talk about my favorite vehicle,
which is a 22 year old camper van. Everything that could possibly happen to a Dodge van
has happened to Moby, but the problem is that I can't remember what a particular noise
actually meant, so it doesn't help a lot to have known him for so long".

Mike Emmerman asked if when the 60 fpm ascent rate came up, whether it was 25
fpm or 180 fpm and if there was any discussion or real data to determine whether it could
have been 300 fpm or 5 fpm? Ed Lanphier didn't think so. The approach to reality came in
the actual calculations where all they could say was that it made a difference what rate of
ascent they assumed. The rate of ascent we adopted, 60 ft/min, was part of all of the Navy
table testing that was done and we never really questioned whether that was a particular
problem or not.

Bill Hamilton noted that from the way Ed Lanphier described it, the 60 fpm ascent
rate was for operational reasons, rather than for optimal decompression. Ed Lanphier: Yes,
surely. If we had chosen something that sounded very fine from a physiological standpoint
but it wouldn't work for either scuba divers or hardhat divers, it wouldn't have made a
difference But I think it is very important to understand that these things did not come
down from heaven.

David Yount stated that it seemed like the only implications from the theoretician's
point of view were that you'd have to add more or less time onto the stages. It wasn't that
there was anything intrinsically wrong with the faster ascent or slower ascent. Ed Lanphier
Well, we would have had misgivings about coming up much faster than 60 fpm, I think.
David Yount rephrased: What I'm getting at is if the theoretician takes the ascent rate into
account in calculating the tensions in these different tissues, then there is a particular
reason. Ed Lanphier: As far as the theoretician can see, there isn't any particular reason, I
think, especially since we were following Haldane in those days and at that point we really
did not know. It took Spencer, quite a few years later, with his bubble detection to
convince us that freedom from symptoms did not mean freedom from bubbles. It is hard to
realize that this is fairly recent information.

Ed Lanphier was asked to recall what kind of a repetitive schedule the Navy was
testing. His response was that the schedules that were fairly well tested were in the diving
manual. "One tiling a lot of people don't realize was the bind we were in for not doing as
many exposures we would have liked. We just didn't have the manpower or the time to do
it as thoroughly as we would have liked".
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Is there a myth around that the Navy tables were tested with only one, possibly two
repetitive schedules? Ed Lanphier: I think that might be true because that was the main sort
of thing that the Navy itself was concerned about, not about people diving time after time,
day after day.

Hugh Van Liew pointed out that when the tables were set up, there was a
tremendous bias to be thinking about tissues and whether or not the gas was washing into
them or out of them, and there wasn't any thought at all about bubbles. Ed Lanphier: That
is correct, because we thought that if we did it right, there wouldn't be any bubbles. Now
we know that they are probably there, at least in some of the schedules.

Phil Sharkey: Did some of the foreign systems develop similarly, with different
ascent rates applying to different tables which occurred in the same era, maybe also in an
arbitrary fashion? Ed Lanphier: I think you can almost bet on it. I don't have proof, but
how else could it have been done?

Hugh Van Liew wondered if there was any information from non-written systems
like the Polynesian divers that don't have tables but seem to be doing things right by
experience? Ed Lanphier: I think David Yount is the best one to field that question. Hugh
Van Liew: I wonder if primitive people who are diving successfully would favor a rapid
ascent or a slow ascent? David Yount: They would go rapid. Ed Lanphier said that when
you stopped to think about it, coming up at a specific, relatively slow rate like 60 fpm,
which is relatively slow as far as he was concerned, it is extremely difficult. "How are you
going to spend reliably and accurately 5 minutes at 10 feet unless you have a line with
weight and float and can hang onto it and sit there. Of course, the dive computers help that
now and if you have a good buoyancy compensator and are expert in using it, maybe you
can, but it is still so much more difficult than just coming up". Glen Egstrom added that he
had the opportunity to do some research with some of the Polynesian divers and it would
be his observation that they come up slower if they're carrying a heavy load and faster if
they are not. But the issue there, he believes, is that we don't know how many of those
people were getting significant amounts of decompression sickness. In Polynesia, they
have a malady called Taravana, which, as far as we could determine, really is acute
decompression sickness from coming up too fast from depths in excess of 50 meters. Their
bottom times are singularly short, but they make these rapid excursions to and from the
bottom with working times on the bottom of maybe 50 seconds. Hugh Van Liew: So, that
is breathhold diving which really is a different ball game. Ed Lanphier: Not totally. Glen
Egstrom: I wonder if it is from the point of view of ongassing and bubble formation Hugh
Van Liew: They have a terrible problem of getting oxygen into their lungs. Ed Lanphier
summarized that the kind of diving they do was very clearly on the verge where breathhold
diving can cause decompression sickness.

Glen Egstrom: Remember Paulev? Ed Lanphier: "I sure do". He was a Dane who
took a submarine crew up to the escape tank in Bergen, Norway, for training and in that
setting, he and several others developed what almost had to be decompression sickness and
they responded to recompression. They wrote an article for the Journal of Applied
Physiology, describing this whole thing. I was called in as a referee editor. I recognized
this paper as an extremely important first It was the first time that decompression sickness
from breathhold diving had ever been reported. I assisted in rewriting the paper, it was
published and is one of the monuments of decompression literature. Glen Egstrom added
that the side issue to that was that Paulev described this experiment at the international
physiological conference in 1965 in Tokyo and his observation was that they were making
30m drops into the tank and didn't seem to be having any kind of a problem. Finally, they
were getting so tired they couldn't make it to the bottom and back up any more, so for the
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