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Preface

The fifth major AAUS Workshop addresses the complexities of performing underwater research in
the polar regions under the auspices of the National Science Foundation, Division of Polar Programs.
The information contained in these proceedings is the result of the combined knowledge of nearly thirty
recognized polar diving experts. Their expertise covers a variety of scientific disciplines and different
methods and techniques of underwater research. The discussions reflect some differences of opinion
with regard to the options available to the scientist working under the ice. The message from these
experts is, however, quite clear. There is a risk associated with cold water, under ice diving. That risk
is managed by appropriate training in the type of diving equipment to be used before deployment to the
ice environment. Equipment used in polar diving activities requires special design and maintenance
considerations. Careful attention must be paid to dive plans and the management of emergencies due to
the remoteness of polar regions.

We are indebted to a group of experienced, dedicated scientific divers who gave of their time and
energy to discuss their polar diving experiences that represent the state-of-the-art in the
understanding of the complexities and preparation of Arctic and Antarctic scientific diving operations.
As a result of this workshop, we have a mechanism for the review, update and dissemination of polar
diving information that should provide guidance for AAUS and DPP training programs and challenges
for future polar scientific divers.

Finally, on behalf of the U.S. scientific diving community, I extend our greatest appreciation and
indebtedness to James R. Stewart, Diving Officer Emeritus - S.I.O., who has dedicated his career to the
advancement and practice of scientific diving. For over twenty years, Jim's pioneering efforts in
Antarctic scientific diving and as DPP Diving Officer, have essentially made the use of scuba a
valuable, scientifically accepted tool for the performance of our underwater research as we know it
today.

Michael A. Lang
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, and;
* 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 experiene©, and;

* 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.
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I. Advances in Equipment and Technology

1. Thermal and Hand Protection - Bob Stinton, Diving Unlimited International.

For the thermal protection of a diver operating in cold water, passive systems consist of a suit and
underwear. These systems can keep the core and skin temperatures up for extended periods of time, such
as up to six hours in 35°F water, for divers at rest or doing moderate work like taking photographs. The
type of underwear is a little bit heavier than what we currently have. These are composite garments of
800 or 600 weight in which the joints have less insulation than the arms, to give some flexibility. With
effective insulation and a dry suit that maintains its insulation with depth, it is only necessary to add
a little air as one descends, to compensate for the squeeze. The biggest problem that remains is the
thermal protection of face, hands, and feet.

If a full face mask is used, the face is not a problem, because there is no exposed skin. One problem
with the hands is because suit systems are expensive, the gloves are often neglected. The geometry of
the hand limits the amount of insulation that can be used; layering insulation quickly gives a baseball-
glove effect so there is no dexterity for picking things up. The thumb is the main problem, and there is
wide individual variation.

The navy standard states that working divers should not let their hands get colder than 15°C. At
10°C your hands begin to hurt. They feel like somebody is working on the knuckles with an ice pick. If
you maintain 8°C for 30 minutes, you will develop a nonfreezing cold injury. To recognize a nonfreezing
cold injury, get out of the water and warm up. Your fingers will tingle and be numb, and your joints will
not work properly for a couple of days. If you prolong the exposure, you will develop something akin to
trench foot, which is the ultimate injury. Tissue will start sloughing off as in a typical freezing injury.
If skin or digit temperature reaches 6°C at any point, the nonfreezing cold injury occurs without the time
parameter. There is a 2-degree yield and a wide individual difference. A glove that works perfectly
for one person, may not be right for the next person. One variation may result from susceptibility you
were born with. It might also be that as a child, riding a bicycle in Kansas delivering newspapers in
the freezing rain, you developed a nonfreezing cold injury. That nonfreezing cold injury increases your
susceptibility to repeat injuries. In air, if your fingers are cold with gloves, you add mittens. In water,
adding more levels of insulation, merely reduces the rate of cooling. The person who has not had a
nonfreezing cold injury is just as susceptible, but it takes a few minutes longer. A person who is more
adapted still winds up at a certain point, and the cooling curves look exactly the same.

For dives of one hour or less, there are glove systems that will protect divers' hands with no
problem, although in the general population there are probably a few individuals who can develop a
nonfreezing cold injury within 30 minutes. We used a glove box for a series of tests in which we chilled
the water and had people submerge their hands. Some people responded so quickly to the cooling of
their hands that one person actually fainted from the experience. And this was in a warm environment.
Other work on gloves and hand protection is being done at the Naval Experimental Diving Unit and
Naval Medical Research Institute. The issue is important, and has been ignored for too long. The
British have done some tests and concluded that whether the hands are wet or dry, they still get
freezing cold. If they are wet, you can cover them with enough insulation to go around and club things,
but you cannot do any precision work. My personal experience is that whether I wear a five-fingered
glove with two wool liners or a mitt, my hand tests out exactly the same; it does not make any
difference. I have higher dexterity with the five-fingered glove. With a mitt, the thumb still gets
cold. One would expect the fact that the thumb has a little more muscle mass to be the limiting factor,
but it seems to be the blood flow. Blood flow to the hand decreases to about 25 cc a minute as the blood
cools. That is not much capacity to carrying blood out on the hand. Once vasoconstriction occurs in the
hands, hardly any blood flows into them. We have not tried pouring hot water into the gloves and
slipping them back on while running the tests. I would, however, assume - based on the idea of filling
the suit full of hot water - that would decrease the cooling rate. For short dives this might buy some
time. For longer duration, we are investigating heating the hands with immersible electric gloves, and
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other strategies to provide some heat. The two tools a diver has are mind and hands. As the mind sees
an action, the hands need to be able to do it.

The toes are somewhat similar. They are essentially put into a one-pocket mitt, and the amount of
insulation can be increased if bigger fins and ankle weights are used. The cooling effect is not as drastic
as with the fingers because at least the feet are inside the suit.

The face needs attention as well. Divers wear hoods and hold regulators in their mouths. The
upper part of the face is completely exposed. There are strategies to prevent that. If you cannot wear a
full face mask, which is not the most desirable thing to wear, there are hoods with cutouts for the
regulator. You have to learn to slip the regulator through the opening provided for it. This type of
hood provides a minor level of insulation. For Peggy Hamner I put together an item that looked like a
wrist seal cone stuck on the end of the regulator. When she pressed it into her mouth, it covered the lips
as well, which is where the nonfreezing cold injuries of the face can develop.

Diving Unlimited International (DUI) has guidelines that are designed so that divers can look up
the kind of dive they are going to do - light work, heavy work, photographic work - the depth and the
water temperature and develop a strategy for how much insulation is needed. The guidelines are set up
with what we call plus ratings. As we sit here in this room, some people are cold and while others,
wearing short pants and short-sleeved shirts, wonder when we will turn the heat off. There are such
individual differences and they must be adjusted for. You cannot put every person in a dive team in the
same configuration and expect the same results. A person who always wears a sweater inside, probably
has a lower set point and will require a little bit more insulation in the water. A person who is always
in shorts and a T-shirt may be that way because that is the only thing he can afford or because he has a
warm thermostat. The DUI guidelines also talk about weight, so that weight belt strategy can be
planned ahead of time.

People try to get more insulation with less weight by using other inert gases in the suit. The
questions have not all been answered on the use of argon. Cave divers, after they make a long dive, are
using it in the decompression stop and actually flood their suits with it. One question that is not
answered is whether it affects decompression from a long or deep dive. Some people have theorized
that the skin does not perspire sufficiently for enough argon to be absorbed to make a difference, but
nobody has really tested it. I have experimented by switching from air to helium which unfortunately
cancels 75 percent of the insulation. When you push the inflator button, the helium comes into your suit,
and it feels like cold water is being poured down the front of you, it is that dramatic. Switch back to
air, and it feels like you just spilled coffee down your front side. Carbon dioxide has been proposed,
because it can be carried in liquid form and it provides more volume. But some investigators have found
that carbon dioxide forms carbonic acid when exposed to moisture. You are very moist around
membranes, so it eats away at you. We do know that at one thousand feet, if you are surrounded by air
and breathe helium, there is nitrogen in your exhausted breath. The skin perspires enough nitrogen to
be detected in a gas chromatograph when you exhale. The theoretical advantage of using gases to
insulate an undergarment is that a diver who goes somewhere cold could change gas to have a garment
rated for a colder temperature. This has not been thoroughly tested, but probably deserves further
investigation.

There are guidelines for selecting underwear. The dry suit is only a shell; insulation comes from
what is worn underneath it. Not every person is the same, so one set of underwear does not offer
everybody the same level of protection.

Some work is being done with heat-piping in gloves to try to increase blood flow in the upper arm.
The problem is that heat-pipe technology is not sophisticated enough yet. In a passive situation, to
keep your hands warm, you need 20 watts per hand in a five-fingered glove with two pairs of heavy
wool liners in 35°F water. If you start sucking up 20 watts from your body and pumping it out through
your hands, you may lose in the long run. That is a lot of dissipating heat, similar to adding a radiator


