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I.O Introduction
j ~ j. OVERVIEW<

During the last two decades, divinq with self-contained underwater
breathing apparatus  SCUBA! has become an important method of scien-
tific investigation. The underwater scientist  Figure l-l! does
not have to depend on conventional surface sampling techniques and
"educated guesses" for sha'liow-water studies. He can work directly
in the underwater environment to observe, sample, photograph, and
make complete field studies in much the same manner as his dry-land
colleagues. larking underwater, the scientist may record evidence
which might be completely misused using conventional surface sampl-
ing and remote recording techniques.

The underwater scientist does, however, have many disadvantages
compared to his dry-land counterpart. He is limited in depth and
duration by physiological and physical factors. Heather condi tions
and underwater visibiIi ty are also important factors affecting
underwater work. For the nondiver, Tanner �959! explains his
impression of working underwater:

It is like doing ordinary dry-land fieldwork, on a
cold January night, without a moon, during a dust
storm, by the light of a flashlight of variable power.
The vehicle in the exploration would have to be a heli-
copter, restricted to flying largely out of sight of
the land surface. It lowers the geologist  by rope
ladder, perhaps! to the ground, at each sampling loca-
tion. He can only see those materials within the
range of his flashlight beam. This might be as much
as 60 or 70 feet, or as little as six or seven inches.
In the latter instance he would have to work with his
face to the ground: fortunately that is a convenient
position for a diver.

Certainly all research dives are not as difficult as one might con-
clude from the above explanation. However, physiologically man
possesses few natural adaptations for existing in a liquid medium
and for the conservation of body heat.

Despite the disadvantages and limitations, the research d~ver
auickly learns to adapt himself to the underwater environment.
Recent developments in diving sui ts and life-support equi pment
have increased the diver's underwater capabilities. Mixed gases,



Figure 2-2. Research Diver Equipped with Surface-SuppZied
Free-FZov/Demand Mask and VariabZe-~ioZume Suit
7nstaZZing a Current Meter for Study of Pater
CircuZa ion in Grand 2'raverse Bay  Photo ky
A', J'ohnson!



1-3

saturation diving, and the use of underwater habitats offer solu-
tions to the depth and duration limitations for those fortunate
enough to have the proper equipment. The application of modern
surface-supp1ied diving techniques and equipment, compared to
conventional open-circuit SCUBA, has been shown to increase the
efficiency of research diving operations at The University of
Michigan by a factor of four for most underwater scientific pro-
jects.

Underwater work is difficult, time-consuming, and expensive.
Generally, di ving investigations are used to supplement, verify,
or complete data acquired by other methods of study. For example,
research divers may be required to identify bottom features en-
countered during bathymetric, sub-bottom seismic, or sidescanning
sonar surveys. A geological investigation of an underwater con-
struction site made totally by divers would probably be consider-
ed inadequate for determining details of the area unless other
methods of investigation were also used. However, basic field
research on fish behavior might be completely undertaken using
diving techniques. Regardless of the project or the role that
the d~ver plays in a study, it is the general consensus of those
sc~ent~sts who participate and benefit from underwater studies
that research diving techniques are of considerable importance
and, in some instances, invaluable to the study of our lakes
and oceans.

The basic principles of air divinq with SCUBA and surface-suppli-
ed equipment are discussed in this technical report. Emphasis
is primarily on diving in the Great Lakes. Forthcoming chapters
of this report will cover such topics as ocean diving, biological
and geological research techniques, underwater photography, light
salvage, underwater research procedures, mixed gases, and other
specialized diving techniques.

1,2 HISTORY OF OIVING

The accumulation of seashell artifacts at prehistoric living
cites possibly indicates that food was taken from the sea by
divers long before references in recorded history. The earliest,
records are of Cretan sponge divers �000 BC! and diving for
oyster pearls in China �200 BC!. Military divers were used
during the Trojan War  ca. 1194 BC!. Reference to military diving
activities is made by Herodotus �th century BC! and in Homer's
Iliad  pre -700 BC!. Alexander the Great deployed frogmen against
the defenses of Tyre �33 BC! and was supposed to have descend-
ed in a diving bell himself. Records indicate paid salvors and
diving regulatory laws in the 3rd century, BC.



Aristotle �th century BC} writes of the choking beiE. Prior
to this time all diving was probably done by breathholding to
depths not exceeding much over 100 ft. The diving bell was the
dominant diving apparatus for the next 22 centuries, until about
1800. In the late 1600s the bell was refined and in 1691 a
sizable and sophisticated bell was patented by Edmond Halley.
This bell was ventilated by lowering barrels of fresh air, and
dives were made to 60 ft for 1.5 hr; divers made breathholding
excursions from the bell.

By 1770 the elementary hand-operated air compressor provided
the next major advancement in diving. This enabled LeHavre
�774! to develop a moderately successful helmet-hose diving
apparatus. Surface-supplied compressed air diving developed as
the prevalent diving technique by 1800 and was to maintain a
virtually unchal lenaed position unti 1 the mid-1950s . A boosting
factor to diving in the 1800s was the salvage of HMS Popa7. George.
For this operation Augustus Siebe developed and perfected the
diving helmet and "closed dress" in 1837. The Siebe helmet and
"closed dress" were the pr~~ary diving apparatus for the working
diver from 1837 to the 1960s. The present US Navy Mark V Deep-Sea
Diving Outfit is only a modification of the 1837 Siebe outfi t.

Progress in diving, from 1837 to present, was dependent on two
factors: improvement of the air compressor and the study of
hyperbaric. physiology. The compressor improved rapidly during
and following the industrial revolution; however, the study of
diving physiology was slow to progress. Paul Bert, in 1878,
started to untangle the complexities of ni trogen absorption and
elimination, or the "bends." The first recompression chamber
for treatment of bends was installed to support the cassi on
workers during construction of the first Hudson River Tunnel in
New York �893!, In 1907, based much on Paul Bert's work, John
S. Haldane published the fi rst decompression tables f' or divers.

However, the development of SCUBA did not begin with Cousteau.
In 1680, Borelli developed a SCUBA based on the theory that the
diver s hot, exhaled breath could be rejuvenated by cooling and
condensing. Needless to say, this unit was not successful; how-
ever, this represents a movement toward "freeing" the d~ver.
Borelli also experimented with the "fin" and bouyancy-compensating
devices. In l835, Conder t published the design of a free-f'low
SCUBA, which consisted of a helmet, flexible dress, and a com-
pressed-air reservoir fitted around the diver's waist. This was
to have significant influence on the design of future diving



1-5

apparatus. Rouquayrol  l865! developed a "demand" regulator
system. Although this unit was basically surface-supplied by
a hose, it also had significant influence on the development of
SCUBA. In 1878, Fleuss and Davis designed the closed-circuit
oxygen SCUBA, which utilized a chemical carbon dioxide absorbent.
This was the beginning of a long list of closed-circuit oxygen
SCUBA with the eventual development of the semiclosed circuit,
mixed-gas SCUBA by Lambertsen. Yves le Prieur, in 1924, intro-
duced a manual, valved, self-contained, compressed-air breathing
apparatus. In 1942, Cousteau and Gagnan developed the demand-type
SCUBA, which is the basic compressed-air SCUBA used throughout
the world today.

Sport diving and spearfishing were being practiced in many Euro-
pean countries during the 1920s and were introduced into the
United States in the late 1920s. It wasn't until the early l950s,
with the ready availability of compressed-air SCUBA, that the
popularity of sport diving started to accelerate to its present
status. Factors contributing to the growth of sport diving include
availability, improvement, and simplification of diving apparatus;
an increased number of training programs; publication of the
exploits of naval diving groups such as those of the Underwater
Demolition Team  UDT! and SEAL Team; an increased layman's
i nterest in ecology, oceanography, and related disciplines; and
the general increase in need for leisure time and recreational
acti vi ties,

According to Dugan �956!, the first recorded scientific dives
were made by H. ttlilne-Edward  Sicily! in 1844. Over the years,
many d~ves of a scientific nature have probably been made by
breathholding and with helmet or bell-type diving apparatus.
Engineering survey d~ves were also made in the 1800s. Geoloqists,
during the late 1940s, used deep-sea anu shallow-water surface-
supplied divino apparatus for limited underwater observations.
However, it wasn't until 1949 that modern scientific diving had
its true beginning in the United States, Conrad Limbaugh intro-
duced self-contained scientific diving at Scripps Institution of
Oceanography. Since 'l949, Scripps and the Navy Undersea Marfare
Center  formally, US Navy Electronics Laboratory! at LaJolla,
California, have had the largest and most active group of diving
scientists in the world. Currently, nearly all research groups
studying the freshwater and marine environment utilize divers to
various degrees.

The beginning of the US Navy diving program is not actually known;
however, official records indicate that George Stillson began
developing the Navy's program in about 1912. The F-4 submarine



disaster of 1915, which somewhat paralleled the more recent
Thresher incident in terms of aovernment and public reaction,
apparently stimulated interest in diving. The first US Navy
diving school was opened in 19l5, and the Navy's famous Experimen-
tal Diving Unit was originated in 1927. Navy helium-oxygen diving
experiments began in the 1930s and were used extensively in the sal-
vage of the submarine squaZ~s �939j. Durina World War II, the
great potential of military divina became evident. The famous
USN Underwater Demolition Team had its beginning in 1943, The
US Navy's divina program is ranked "first" in the world by most
authorities.

Experimentation in living in a hyperbaric envi ronment began in
the early 1960s. The concept of saturation divina and living in
underwater habi tats was introduced by G. Bond, a US Navy submarine
medical officer. In 1964, the first US underwater living experi-
ment, SEALAB I, was conducted off Bermuda at a depth of 192 ft.
SEALAB II and other projects followed as part of the continuous
Man-in-the-Sea Program. Concurrently, Cousteau  of France! con-
ducted the CONSHELF series of' underwater living and work programs
with a successful 28-day/330-ft submergence. More recently, the
TEKTITE Program has provided an opportunity for scientists to
utilize saturation diving techniques.*

Man is now pushing to greater depths and staying for lonaer
durations. Workinq dives have been made to depths exceeding 500
ft and experimental chamber dives have tested man's ability to
function in excess of 1700 ft. New self-contained closed-circuit
mixed-gas breathing apparatus is capable of sustaining a diver
at depths beyond 1000 ft for up to 6 hr. The increasing demand
for the working diver in the oil industry and offshore construc-
tion has opened a new era of divina. Durino the last decade,
the diving industry has made tremendous advancements via "com-
mercia1," rather thar, "military," influences. The immediate
future holds many advancements in diving apparatus, techniques,
and physiology which will influence the expansion of research,
commercial, sport, and military diving activities.

1.5 HIER TRAIPSING

All research divers must successfully complete a diver training
program prior to participating in underwater research activities.
Generally, initial training is acquired in a basic skin and SCUBA

For further information on the history of diving, consult Dugan
�956, 1965!, Searle �966!, Davis �962!, Fane and Moore �956!,
Cousteau �953!, and US Navy �970!.
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diving course conducted under the auspices of an instructor certi-
fied by the National Association of Underwater Instructors, Young
Men's Christian Association, Professional Association of Diving
Instructors, or equivalent organizations. Such a course includes
training in basic skin and SCUBA diving skills, emergency proce-
dures for open-circuit SCUBA, equipment use and maintenance, and
introduction to the underwater environment, and basic diving theory.

Most of these courses, though adequate for sport-diving enthusiasts,
are inadequate for training research personnel or "working" divers,
Generally, the basic sport-diving course must be supplemented with
more emphasis on equipment, procedures, advanced techniques, and
supervised open-water diving, A few universities and governmental
agencies conduct specialized research diver training programs.
Advanced training in research techniques and surface-supplied div-
ing is recommended . Basic and advanced research diver course out-
lines are included in Appendix B. Diver training qualification
tests given by Somers �971! are also included in Appendix B of
this manual.

1,LJ !IEDICAL QUALIFICATIONS

Applicants for diver training and alt active divers are requi red
to pass an annual physical examinati on. The medical requi rements
for diving are summarized as follows by Lanphier �957!:

One of the primary considerations is that diving in-
volves heavy exertion. Even if a man does not intend
to engage in spearfishing or other activities which
are obviously demanding, he will sooner or later find
himself in situations which tax his strength and endur-
ance, Even the best breathing apparatus increases
the work of breathing> and this adds to the problem
of exertion underwater.

I.ifting and carrying the heavy equipment on dry land
is also .hard work. The necessity for freedom from
cardiovascular and respiratory disease is evident,
Individuals who are sound but sedentary should be en-
couraged to improve their exercise tolerance gradually
by other means before taking up diving. The influence
of exertion on conditions such as diabetes should be

considered carefully. It is not reasonable to apply
a fixed age limit to sport divers, but men over 40
deserve special scrutiny.
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An. absolute physical requirement for diving is the
ability of the middle ear and sinuses to equalize
pressure changes. The Navy applies a standard "pres-
sure test" in a recompression chamber to assess this
ability since usual methods of examination have insuffi-
cient predictive value unless obvious pathology is
present. However, even going to the bottom of a swirn-
ming pool will generally tell a man whether his Eusta-
chian tubes and sinus ostia vill transmit air readily
or not. In the case of middle ear equalization, part of
the problem is learning the technique of "popping your
ears." Presence of otitus or sinusitis is a definite
contraindication for diving, even in a man who can
normally equalize pressure. A history of disorders of
this sort suggests that diving is unwise; but as in
the case of frequent colds or allergic rhinitis, pro-
hibition of diving is not invariably justified. Here,
much depends on the individual's common sense and
ability to forego diving if he has trouble. A per-
forated tympanic membrane should rule out diving be-
cause of the near certainty of water entering the
rniddle ear. The use of ear plugs presents no solu-
tion to any of these problems and is, in fact, strong-
ly contraindicated.

Any organic neurological disorder, or a history of
epileptic episodes or losses of consciousness from
any cause, makes diving highly inadvisable. A tnore
difficult problem for the physician to evaluate and
handle adroitly arises in the psychiatric area. The
motivation and general attitude of some aspirants make
safe diving unlikely from the outset; and those in-
dividuals who tend to panic in emergencies may well
find occasion for doing so in diving. Recklessness
or emotional instability in a diver is a serious liabil-
ity for his companions as well. as for himself. Claus-
trophobic tendencies are clearly incompatible with
diving.

Further information regarding the diver's physical examination
and qua1ifications is available in US Navy �970!, Miles �966!,
and Dueker �970!. A medical examination form is included in
Appendix A.

li5 PHYSICAL FITNESS

Flexibility, strength, and endurance are necessary for underwater
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swimming and diving, Good physical condition may prove to be
the most important aspect of diving safety. The physically
fit individual is able to withstand fatigue for longer periods
and is better equipped to tolerate physical stress. Diving, par-
ticularly for novices, places severe stress on the entire body,
especially the cardiovascular and respiratory systems. Anxiety,
lack of skill  inefficiency!, noncondi tioned heart, hyperventi-
Iation, overweight, equipment restrictions, breathing resistance,
and cold water are among the factors which cause increased heart
rate and the onset of fatigue. As a genera1 rule, averaae partic-
ipationn in di ving activities is not sufficient in itself to de-
velop and maintain a high level of physical fitness. Diving must
be supplemented by a regular exercise program. This is especially
true for persons who do not dive on a regular basis. Persons who
participate onty on a seasonal basis should exercise regularly
when not diving, or at least initiate a conditioning program six
to eight weeks prior to the diving season. Jogging is an excellent
conditioner for divers. Consult Cooper �970!, President's Council
on Physical Fitness �965!, or other publications recommended by
your physician or instructor for exercise programs.

1,5.j. SNDKING AND OIVING

Mounting medical evidence has not only proven that smoking can
and does cause lung cancer but it has also been linked with
such condi tions as hardening of the arteries, pulmonary emphysema,
cholesterol buildup, and heart attacks. From a diver's viewpoint,
snioking is probably the most common single cause of local intra-
pulomonary obstruction. Tobacco smoke irritants cause chronic
inflammatory changes in the bronchial lining and increase the
amount of bronchial mucous in the airways. These conditions could
resuwt in airflow obstructions which may induce an air embolism
durina ascent. Smoking heavily may impair one 's ability to utilize
oxygen by at least 15 percent, since carbon monoxide combines with
hemoglobin, making i t incapable of transportinq oxygen. Smoking
and the d~ver is discussed further by Tzimoulis �971!. Divers
should not smoke.'

1.5.2. DRUGS. ALCOH3L. AND OIVING

Any form of stimulant or depressant should be avoided prior to
and durinq diving operations. Although evidence of adverse lona-
term effects of smoking marijuana are considered ~nconclusive by
some individuals, '.he smoking itself still produces some of the
complications described in the previous section. In addition,



this drug can produce significant temporary adverse effects on
the diver's mental processes, motor coordination, physical stamina,
and tolerance to cold. In warm water the diver may become ultra-
relaxed, sleepy, unaware, lazy, and his work ability may be reduced
significantly. Regardless of the effect, it is unlikely that the
diver will be able to respond properly, if at all, in the face
of panic or underwater emergency.

Consumption of alcoholic beverages prior to and during diving
operations must also be avoided. The immediately apparent effects
are mental disorientation, impaired physical coordination, vertigo,
poor judgment, and general physical weakness. Physioloqically,
alcohol also produces a diuretic effect~ thereby causing dehydra-
tion of the body, which, in turn, affects the circulatory func-
tions. The implications in decompression sickness are discussed
later.
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2.0 D wing P hgjicI
Nearly al I new experiences, both pleasant and unpleasant, en-
countered in diving stem directly from the great differences
in physical properties and characteristics which exist between
the gaseous and liquid media. Some apparent differences include

~ water has an increased density and viscosity,
~ optical and acoustical properties differ,
~ water has a higher degree of heat conductivity than air,

gases breathed under increased pressure have varient
physiological effects.

In order to understand the basic principles of diving, the diver
must be familiar with certain aspects of physics which deal with
pressure and density relative to liquids and gases.

2. 1 PRESSURE

Pressure is the amount of force applied per unit area. In diving,
pressure units commonly used are millimeters of mercury  mm Hg!,
pounds per square inch  lb/in~ or psi!, and atmospheres  atm!.
One atmosphere is the amount of pressure or force exerted by the
earth's atmosphere at sea level and is equal to 14.7 lb/in~ or
760 mm Hg. Terms frequently used when referring to pressure in-
clude gauge pressure, absolute pressure, and ambient pressure.
Ga~ge pressure refers to the difference between the pressure be-
ing measured and the atmospheric pressure. Most gauges are cal-
ibrated to read "zero" at normal atmospheric pressure. Absolute
pressure is oauge pressure plus atmospheric pressure �4.7 lb/in~!
or total pressure being exerted. Ambient pressure refers to
absolute pressure surrounding or encompassing an object.

2,2 LITER

Mater, in its purest form, is a colorless, odorless, tasteless,
and transparent liquid. Taste and color are due to the presence
of substances dissolved or suspended in the water. Pure water
weighs 62.4 lb/ft~  STP!, while sea water weighs approximately
64 lb/ft3, depending on the amount of total dissolved solids.
For all practical purposes, within the norma! range of diving,
water can be considered as incompressible and density variations
due to temperature changes insignificant. Consequently, the
pressure exerted by water will be directly proportional to the
depth. For every 33 ft in sea water �4 ft in fresh water! the
diver descends, there is a pressure increase of 1 atm or 14.7 lb/
in~; pressure increases .445 lb/in~ per foot of descent.
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An object placed in water will sink or f'loat depending on the
density and volume of the object. Avohimede's principle states
that any object wholly or partially immersed in a liquid is
buoyed up by a force equal to the weight of the liquid displaced.
For example, a fully equipped diver weighing 192 lb may displace
3.16 ft3 or 202 lb of sea water. Consequently, he is considered
to have 10 lb of positive buoyancy. If the same diver was out-
fitted with a 20-lb weight belt, he would be 10 lb negatively
buoyant. Neutral buoyancy, or a state af hydrostatic balance,
is achieved when the weight of the water displaced equals the
weight of the object when totally submerged. Sea water increases
an individual's buoyancy by approximately one-thirtieth his body
weight, over what it is in fresh water.

Water conducts heat more rapidly than any other liquid. In water
below 70 F, body heat is lost faster than it can be replenished.

2.3 AIR

This manual deals primarily with diving using air as a breathing
medium. Air is composed of nitrogen �8.1 percent!, oxygen �0.9
percent!, carbon dioxide �.033 percent!, and various inert and
rare or trace gases. It may also contain water vapor and suspended
and dissolved solids.

A'itzoyen, the main component of air, is colorless, odorless, taste-
less, and inert  in its free state!. Under increased pressures,
it is selectively soluble in various body tissues and acts as an
intoxicant or anesthetic on the central nervous system  CNS!.
Oxygen, the only gas capable of supporting life, is colorless,
odorless, and tasteless in its free state. Under high pressures,
oxygen has toxic effects on the body.
ceo-bon dio~de, a natural waste product of metabolism, is color-
less and tasteless  in normal concentration!. It is the principal
respiratory process stimulant. High concentrations are toxic to
the human and wi"tl produce unconsciousness with subsequent death
 higher concentrations!.

Other gases important to the diver are carbon monoxide and helium.
c'arbon monoxide is highly poisonous, and all possible measures
must be taken to prevent its contamination of the diver's air supply.
It is the product of incomplete combustion of fossil fuels. He2ium
is colorless, odorless, tasteless, inert, lightweight, nontoxic,
and nonexplosive. During the last two decades, helium has become
the major inert gas substituted for nitrogen in deep-diving breath-
ing media. Narcotic effects of helium are relatively insufficient



 to 800 ft! and breathing resistance due to lower density is
reduced. However, helium does conduct heat about five times as
rapidly as air.

In comparison to a liquid or solid, air, as any gas, has a very
low density, is compressible, and its behavi or is governed by
simpler laws of physics. Air weighs only about 0.081 lb/ft3.
The temperature, pressure, and volume relationships are more
conveniently expressed in terms of an imaginary substance called
an "ideal gas."

If the temperature of a fixed mass of gas is kept constant, the
relationship between the volume and pressure will vary in such
a way that the product of the pressure and volume will remain
essentially constant. Hathematically,

pV = constant,

where p is pressure  absolute! and V is volume. The temperature
and mass are constant. Thus, at a constant temperature and mass
the volume of a gas is inversely proportional to the pressure
exerted on that gas,

1
V

Therefore, when the pressure is doubled, the volume is reduced to
one-half of the original volume. This relationship is known as
Bogle's km and is graphically illustrated in Figure 2-1. Two
different states of a gas at the same temperature may be denoted
by subscripts 1 and 2 and Boyle's law may also be written

Plvl P2V2

char Zes 's Z~ states that if the pressure of a fixed mass of
gas is kept constant, the volume of the gas will vary directly
wi th the absolute temperature. By combining Hoyle's and Charles' s
laws, the pressure, temperature, and volume relationships of an
ideal qas can be expressed as

= constant.
nV
T

Two states of the gas may be denoted with subscripts,

P2 2.

2





In diving, one generally works with a mixture of gases rather
than a single pure gas. The concept of partial pressure is ex-
p'lained by oa1,to~ 'a 7', which states that the total pressure ex-
erted by a mixture of gases is the sum of the pressures that would
be exerted by each gas if it were present and occupied the total
volume. Partial pressure computations are useful for understanding
di ving physiology and necessary for mixed-gas diving� . The partial
pressure  pX! of a gi ven gas in a mi xture may be calculated by
the formula,

pX = P X~,

where Pt is the total pressure of the gas mixture  absolute! and
X is the percent of gas X by volume in the mixture. Hence, the
p!rtial pressure of oxygen in the atmosphere at sea level is

p02 = 14.7  .21! or 3.1 lb/in .2

Gas is soluble in a liquid. Gas absorption is governed by
Hen~'8 Lcm, which states that the amount of a gas that will be
dissolved in a liquid at a given temperature is almost directly
proportional to the partial pressure of that gas. The term
"amount" refers to number of molecules or mass of the gas. When
gas is in solution, its actual volume is negligible and there is
no volumetric increase in the amount of liquid, Henry 's law
simply expresses the effect of partial pressure on the amount
of gas that wil'l dissolve in a liquid. Solubility is also de-
pendent on the type of liquid and temperature. For example, the
solubility of nitrogen in oil or fat is about five times its
solubility in water at the same pressure. The lower the tempera-
ture, the higher the solubility. This explains why a warm bottle
of carbonated beverage forms bubbles more actively than does a
cold one.

Gas diffusion refers to the intermingling of gas volecules. In
diving, Henry's and Dalton's laws are considered when dealing
wi th the diffusion of gas in the human body under pressure. The
difference between the partial pressure  or tension! of a gas
inside of a liquid  or container! and its outside partial pressure
wi ll cause the gas to diffuse in or out of the liquid and control
the rate of diffusion. This pressure differential is frequently
called the gradient. If a gas-free liquid is exposed to a gas,
the inward gradient is high and the rate at which gas molecules
will migrate into the liquid is high . As the gas tension in the
liquid increases, the rate of diffusion decreases and eventually
reaches an equilibirum, where the gas tensions in the liquid and
outside the liquid are equal. The liquid is then considered sat-
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urated for a given pressure and gas. The subjects of gas solubility
and diffusion are important in the study of decompression sickness
and nitrogen narcosis.

2,4 LIerr AND VISION lJNDERNATER

The penetration of light is an important factor for divers, par-
ticularly when taking underwater ambient light photographs. The
luminous energy of sunlight diminishes underwater with increased
depth. Basically, in clear water the luminous energy  or ambient
light! is reduced to one-fourth surface value at 16 ft, one-eighth
surface value at 50 ft, and one-thirteenth surface value at 130
ft. Solar light probably does not penetrate beyond 1650 ft even
under the mos t i deal condi ti ons of transparency. Nany f actor s
control light penetration. IJhen a light ray enters the water,
it is reflected, refracted, transformed to heat, absorbed, and
diffused by the water and materials in the water. The colors of
the solar spectrum are absorbed, with practically all red colors
gone at a depth of' 30 ft and only blues and greens visible at
100 ft.

Underwater refraction is never greater than 48.5 degrees, the
critical angle of refraction. This corresponds to a grazing in-
cident ray in air  at sunset and sunrise!, A ray of light direct-
ed upward  underwater! at an angle greater than 48.5 degrees is
totally reflected back into the water instead of being part~ally
refracted into the air. This makes the surface appear as a mirror
when the diver is in the proper position. 0ue to the refraction
of light rays passing from water to air, objects viewed underwater
through a face plate appear one-fourth closer and one-fourth larger.
Light travels at three-fourths the speed in water that it does in
air.

2,5 PROPAGATION OF SOUND

The average speed of sound underwater is about 4900 ft/sec,
compared to a speed of less than 1100 ft/sec in air. Various
types of sonic and ultrasonic equipment are used for depth sound-
ing, location of submerged objects, and wireless communication.
Large sonar transponders  on military vessels! and underwater
explosions are a serious hazard to divers.

2,6 AODI TIONAI INFORMATION

This presentation has been only a brief review of the basic



physical principles necessary for the study of diving theory.
For additional information on diving physics refer to US Navy
�970!. Diving instructor candidates must thoroughly under-
stand the various aspects of diving physics as given in that
document.
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'3.0 Ptigliologicol 6 Aledical
AIpectr of Diving

3 j. INTRODUCTION

The human body is designed to function in a gaseous atmosphere
of approximately 20 percenj oxygen and 80 percent nitrogen at a
pressure of about 15 lb/in . Significantly decreasing or increas-
ing the pressure exerted on the body or changing the partial
pressure of the breathing medium can induce radical physiological
changes. Low-level gas contaminants such as carbon monoxide and
carbon dioxide have serious implications at the higher pressures
encountered while diving and may cause unconsciousness, with sub-
sequent drowning . Prolonged breathholdi ng while subjecting the
body to signif'icant pressure changes, as during skin diving, can
result in unconsciousness without significant signs to indicate
the onset of complications. Subsequently, the diver may drown.
The human's normal atmosphere, oxygen and nitrogen, produces
both toxic and narcotic effects when breathed at high pressure.
In addition, the inert gas is absorbed during pressurization and
must be eliminated from the body at a prescribed rate to avowed
complications.

One must also consider the direct physical effects of pressure.
The human body has been exposed to pressure equivalents exceed-
ing 1700 ft during experimental chamber dives, without apparent
residual damage. Exactly how much pressure the human body can
endure is still unknown. The body contains several rigid or
semirigid gas-containing spaces  middle ear, paranasal sinuses,
lungs and airways, and gastrointestinal tract!, whi ch, because
of restricted openings, are subject to mechanical damage when
pressure differentials exist between the internal space and the
external environment.

The effects of high pressure on the human body and breathing
media must be fully understood by the diver. If physiological
reactions to high pressure are not recognized by the diver and
properly controlled, injury or death may occur. For discussion
purposes, the physiological and medical aspects of diving will
be classified into the following categories:

~ b arotrauma,
impairment of consciousness during breathhold diving,

~ breathing media contamination,
~ gas narcosis and toxicity,
~ decompression.
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3.2 lhROTRAUMA

Living tissue can be exposed to relatively high pressures with-
out damage or changes attributable to the pressure itself .
Behnke �944! remarks on man's tolerance to rapid and extreme
alterations in barometric pressure "without physiologic effects"
relative to diving to a maximum of 500 ft. Recently, Hrauer
�968! suggested a physiological depth barrier, using the gas
mixture tested so far, as a result of a series of experimental
chamber dives reaching a maximum of 1189 ft. More recently,
chamber dives have been successfully completed to more than
1700 ft. However, central nervous system  CNS! involvement
appears to be the limiting factor, and not necessarily mechani-
cal tissue damage, At pressures above 1000 atm, well beyond
ordinary diving pressures, Fenn �967! indicates coagulation of
proteins, inactivation of enzymes, disintegration of red blood
cells, and blood coagulation. At the present state of hyper-
baric research, there is no definite answer to the question,
"How much pressure can the human body tolerate?"

As stated previously, the human body contains several rigid or
semirigid, air-containing spaces, which, because of restricted
openings, are subject to mechanical damage when unequalized pres-
sure differences exist. These air-containing structures of the
body are the middle-ear spaces, the paranasal sinuses, the lungs
and airways, and the gastrointestinal tract. With the exception
of these air-containing spaces, the entire body consists of fluids
and solids, which for all practical purposes within the limits
of diving are incompressible. The middle ear and sinuses are
lined with membranes containing blood vessels. As the external
pressure being exerted on the body is changed, this pressure is
transmitted via the blood vessels to the membrane lining of these
air spaces. lJnless the pressure in these spaces is equal to the
ambient pressure, a pressure differential exists causing barotrauma,
or pressure injury.

Reuter �971! recommends a preventive approach to ear barotrauma
which includes the use of a nasal spray, systemic decongestant,
or middle ear ventilation by self-inflation. The use of the
nasal spray oxymetazoline HCl  Afrin! 20 min prior to the dive
is recommended, A systemic oral decongestant with or without
an antihistamine may also be used 20 min prior to the dive.
Pseudoephedrine HCl  Sudafed! is recommended for those who are
made drowsy by antihistamine combinations.
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5 2 1 PIDDLE EAR SQUEEZE
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Zine 8-2. Anatom~ of the Fax  Photo C'curtesy of US Diver Co,!

su]t in increasing pain, with stretching of the eardrum and dila-
tion and eventual rupture of the blood vessels in both the tym-
panic membrane and the lining of the middle ear. Actual ~pt~xe
of the eardrum may occur with a pressure differential of as little
as' 5 lb/in', at a depth of about 10 ft  Lanphier, 1957!. Generally
a slight blockage of the Eustachian tube by mucus or swelling can
be overcome by maneuvers for "clearing the ears" such as swallow-
ing, yawning, or exhaling against cIosed mouth and nostrils
 Valsalva maneuver!. Variations in ability to ventilate the
Eustachian tube may in some instances be an anatomical factor of
the individual's tube size  Taylor, 1959!.

The middle ear  Figure 3-1! is connected with the throat by the
Eustachian tube, which functions to drain and ventilate the middle
ear. When Eustachian tube blockage  mucus or congestion, tissue
overgrowth, local inflamation and swelling! prevents pressure
equalization in the middle ear, painful acr otitis media, or "middle
ear squeeze," may occur, with possible tympanic perforation  rup-
ture of the eardrum!. The diver will experience discomfort and
pain in the first few feet of descent. Further descent will re-



The diver is cautioned to use the Valsalva maneuver with dis-
cretion. Increased intrathoracic pressure produced during the
maneuver will result in hypotension in the normal individual.
This is primarily due to impairment of venous return to the heart
and the potential of the pulmonary stretch reflexes inducing
certain cardiac arrhythmias. Duvoisin et a1. �962! suggest that
the combination of these two inf1uences is probably responsible
for the syncope  fainting! that frequently occurs upon doing
the Valsalva maneuver. Davison �962! indicates that the Yalsalva
maneuver cauld result in a catastrophic outcome and further sug-
gests that these factors led Armstrona �961! to state that any
prolonged Valsalva maneuver should be avoided during airplane
flights  particular1y by pilots!. In fact, Che cardiovascular
response to this maneuver has been implicated in aircraft acci-
dents  Lamb et al., 1958!. Moreover, too vigorous a Valsalva
maneuver could result in inner am trauma from too sudden a
pressure change, either by shearing forces or rupture of b1ood
vesse1s in the inner ear when the stapes foot plate is pulled
externally by sudden pressure change during inflation of the
middle ear. This condition could result in vertigo and/or hear-
ing loss. Obviously, the implications to SCUBA diving are that a
prolonged and intensive Ualsalva maneuver cou'jd possibly result
i n unconsciousness and subsequent drowni ng.

Hyperplastic lympoid tissue in or about the Eustachian tube may
inhibit pressure equalization. Radium treatments to reduce the
size of this tissue obstruction or en'1arge the pharyngeal orifice
of the Eustachian tube have been proposed by some physicians
 Haines and Harris, 1946; Duffner, 1958!. Haines and Harris re-
port 90 percent success with radium treatment methods. However,
radium snouZd not Ze ~sed uithozct a fuZZ unaaratanding oj its
potentiaZ aanger"  Taylor, 1959!.

I/hen a diver surfaces after experiencing ear saueeze, he may spit
blood which drains to the throat through the Eustachian tube. If
drainage and/or discomfort persist, a physician should examine
the injury and prescribe treatment. Local treatment of ear
squeeze is ordinarily contraindicated. The diver should not re-
enter the water until healing is complete. Antibiotics may be
indicated to co~bat infection. For a complete discussion of ear
squeeze, consult Strauss �971!.

Schilling and Everley �942! and Haines and Harris �946! indicate
Chat, based on the evaluation of thousands of submarine personnel
subjected to pressure tests, the most frequent and most serious
complication of aerotitis media is temporary or permanent impair-
ment of auditory acuity. These findings are summarized by Taylor
�959!. Haines and Harris contend that although capable of
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equalizing pressure in the middle ear, many subjects develop
complications by letting the increasing pressure "get ahead" of
them one or more times and then would equalize only after some
damage had been done. A dive~ should not ~ait fox pain as a
signal to eq~aKise pressure in his ears. The equalization man-
euvers shou'Id start immediately when the diver beoins his descent
or at least at the first "sensation of pressure change" on the
ear. Pain is an indication that barotrauma already is present.

When the eardrum ruptures, a sudden relief in pain may be ex-
perienced. If the diver's ears are exposed directy to the water,
the entry of cold water into the middle ear may cause a vio1ent
upset of the sense of balance. The diver may experience extreme
vertigo  dizziness! because of thermal effect on the inner ear
and semicircular canal and may also become nauseated and vomi t.
This reaction usually subsides in a minute or so as soon as the
water in the ear warms to the body temperature. Blood is gen-
erally present in the external audi tory canal. Except in the
presence of infection, healing takes place in a few days to a
few weeks, depending on the severity of the injury. During
this time, diving is prohibited and water should not be allowed
to enter the external auditory canal. Antibiotics may be neces-
sary, especially if the diver has been in pol'luted water,

3.2.2 SIWUS SQUEEZE

Blockage of the sinus ostia results in ae2osinusitis, or sinus
squeeze, with painful edema and hemorrhage in the sinus cavities.
These cavities are located within the skull bones and are lined
with mucus membrane continuous with that of the nasal cavity
 Figure 3-2!. The mechanism is much the same 'as that described
for aerotitis media. With normal gas pressure within the sinus
cavity and an excess pressure applied to the membrane lining
via the blood, a vacuum effect is created within the cavity. Un-
less the pressure is equalized, severe pain and damage to the mem-
brane wi 1 1 occur. A diver who has experienced sinus squeeze will
often surface with blood in his mask or will notice a small amount
of blood and mucus discharge from his nose following the dive.
Sinus squeeze can be avoided by refraining from diving when there
is nasal congestion as a result of an allergy, cold, or infection.
If discomfort develops in the sinus areas during descent, it may
be relieved by the Yalsalva maneuver; if not relieved, terminate
the dive. Following aerosinusitis, infection may develop, as in-
dicated by persistent pain and discharge; medica1 attention and
systemic antibiotics are generally necessary.
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In some instances the use of a 1ong-acting nasal vasoconstrictor
 decongestant! prior to diving may be beneficial  US Navy, 1963!.
Hubner and Sehnert �963! surveyed a large group of divers, instruc-
tors, and physicians and found that, as the occasion demanded, 56
percent of the divers had used an oral-nasa1 decongestant, 75.1
percent had used nasal drops or a spray, and 19.5 percent had used
an inhaler. An oral decongestant containino phenylpropanolamine

Fi~re 8-2. Nasal Assessor y Sinuses

HCl, phenaramine maleate, and pyrilamine maleate was most frequent-
ly prescribed, and phenylephrine hydrochloride  neosynephrine! was
the most commonly mentioned local decongestant. The vasoconstric-
tive action of this oral decongestant used as a predive prophylactic
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agent tends to keep the nasal passages, sinuses, and Eustachian
tubes clear by shrinkage of the nasopharyngeal mucus membrane.
Some discretion must be exercised in the use of decongestants
due to possible individual associative reactions. It is im-
portant that the nasal spray or systemic decongestant be used
on a t~aL basis at least 24 hours prior to the dive to rule
out idiosyncratic reaction, Although rare, drowsiness result-
ing from the antihistamine or the development of marked nasal
mucosal edema precludes safe diving.*

It is important to use nasal sprays properly. Dr. S. Harold
Reuter  oersona1 communications recommends the following procedure:

Pith %e head erect, insert nozzle in nostril,
point the spray bottle in the direction. of the
eye, and squeeze briskly so the spray will come
out in a fine mist.

Then, uith the head facing the floor, insert
nozzle in nostril, point the spray bottle to-
ward the top of the ear, and squeeze briskly.

.'3.' Wait 5 min--this will allow time for the
front nasal passages to open. Then repeat 1
and 2 to open the back nasal passages.

4> When blowing the nose, always do so genHp,
and with the mouth open.

On ascent, the ears and sinuses generally vent the expanding
gas without much difficulty. However, occasionally blockage may
result from mucus or swelling of tissue injured during descent
and result in a ~ euerse ear or sinus squeeze. In the event of
symptomatic developments during ascent, descend slowly to facili-
tate pressure equalization. The after effects of vasoconstrictors
used prior to descent may produce tissue swe'Iling in individual
cases, and consequent Eustuchian tube or sinus ostia restriction.

3.2,5 THORACIC SaUEEZE
As a diver descends while holding his breath, the f'texible por-
tion of the thorax is compressed and the diaphragm elevated.
Consequently, the air within the lungs and airways is compressed
and the system assumes a more "expiratory" position. Until re-
cently it was indicated in the literature that no difficulty is

*
For recommended oral-nasal decongestants, see last paragraph on

page 3 2 ~
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experienced until the position of maximal expiration is reached;
then the volume of air equals the residual volume of the lungs
plus the volume of the airways. Beyond this point, further descent
while breathholding may result in pulmonary conoestion, edema,
and hemorrhaae in the lungs. The diver may experience a sensa-
tion of chest compressi on, breathina diffi culties, and possible
chest pain. This condition is generally called thoracic ~queese.

Rahn  l965!, however, suggested that during breathhold dives to
oreater depths, blood is forced into the thorax, replacing air
and resulting in a significant decrease in residual volume. Using
the impedance plethysmograph, Schaefer et al. �968! made measure-
ments of thoracic blood volume displacements during breathhold
dives to depths of 130 ft. These measurements confirmed that a
significant shift in blood volume into the thorax does take place.
Furthermore, Robert Croft, a US Navy diver, and Jacques Mayol
successfully dived to depths of 240 ft and 231 ft, respectively.
These are considerably greater depths than could be predicted
on the basis of total lung volume/residual volume ratios. Based
on total lung volume/residual volume ratios, Mayo!'s depth thresh-
hold would have been 90 ft. Theoretically, a blood shift of 980
ml into the thorax was necessary, with a corresponding replace-
ment of air and reduction of his residual volume to approximately
one-half that measured. Underwater photographs taken during the
240-ft dive show pronounced caving in of the thorax, compression
of the abdomen, and skinfolds flapping around the chest. The de-
tails of these experiments are summarized by Schaefer et al. �968!.

3,2.LI EQUIPPIEI'JT-INDUCED SQUEEZES

Gas-containing structures attached to the surface of the body are
potential sources of local "squeeze." Failure to equalize pressure
durinq descent under the diver's face mask can result in damage to
the skin and particularly to the eyes. The mechanism of damage is
similar to that of middle ear or sinus squeeze. The most easily
damaged tissues are those covering the eyeball and lining of the
eyelids and the spaces around the eyeball. Excessive pressure
differential may cause conjunctival and even retrobulbar hemorrhage
with tension on the optic nerve and possible loss of vision. Sub-
cutaneous hemorrhage and swelling of the facial tissue under the
mask may be evident. The condition is avoided by the diver simply
admitting air into his mask through his nose.

The classical form of "divers squeeze" may be encountered in helmet-
closed suit  i .e ., conventional deep-sea rig! divi na when the pres-
sure within the helmet suddenly drops below that of ambient. The
condi tion results either from the loss of pressure wi thi n the supply
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line, with subsequent venting to a lower pressure or by sudden
increase in the depth of the diver, as in a fall, without com-
pensation by increasing gas supply pressure. The helmet itself
constitutes the nonequalized rigid space, and the external pres-
sure of the water acts to force the diver's body into it. For the
same reasons, a similar condition can occur when the diver is
using a surface-supplied, full face mask. The resulting injury
has already been discussed in a previous section. Because of
these possibilities, a nonreturn valve in the supply line at the
helmet or mask is essential in all surface-supplied diving equip-
ment, Proper diving procedures and tending are necessary to pre-
vent fal ls.

A closed, watertight diving dress  suit! can also produce squeeze
unless during descent, gas is admitted into the dress by some
means. The squeeze is usually noted as a pinching sensation in
the area of suit folds and ridges, causing wejts and ecchymoses
in the skin. Additionally, external ear squeeze can result, where-
in the mechanism and consequences are essentially like those of
middle ear squeeze. Damage to the tympanic membrane may be equally
severe, thouqh the force is applied in the opposite direction. Hem
orrhagic blebs may form close to the eardrum and blood drains from
the external auditory canal. The common foamed-neophrene wet-type
suit generally eliminates these hazards; however, there is poten-
tial hazard wi th thin, tight-fitting hoods. Ear plugs are contrain-
dicated in diving not only because of the potentiality of external
ear squeeze but also because the unequalized pressure may force
the ear plugs deep into the external audi tory canal.

5,2,5 GASTROINTESTINAL SQUEEZE

Gas pockets in the gastrointestinal tract do not produce difficulty
during descent since the walls are nonrigid and equalization is
accomplished by compression of the gas. However, expanding gas in
the gastrointestinal tract during ascent may produce difficulties.
Expansion of gas swallowed during the dive or formed as a result
of eating gas-producina foods just pri or to the di ve can cause
severe pain and is capable of producing manifestations including
fainting, respiratory embarrassment, and reflex circulatory collapse.

a 2 6 IiYSBARIC CEREBRAL AIR &HOLISM AND ASSOCIATED COMPLICATIONS

Dpsbczrie cerebral air emboLism is a severe occupational hazard
associatea with diving, submarine escape training, and explosive
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decompression in aerospace work. The condi tion is not to be con-
fused with decompression sickness, which in the average case tends
to be less acute. The connotation "dysbaric" is proposed by Waite
et al. �967! to differentiate this form of air embolism incurred
in a diminishing ambient pressure from the accidental variety
occurring at 1 atro in a hospital setting. Since air is probably
the most common breathing medium for divers, the term "air" embo-
lism is most frequently used; however, with the advent of exten-
sive mixed-gas diving, "gas" embolism is also correct terminology.

According to the US Navy �970 a!, air embolism is probably second
only to drowning as a cause of SCUBA diving fatalities. Waite
et al. �967! suggest that a "fair" number of the estimated 60
SCUBA diving deaths reported by the National Research Council for
1965 were due to air embolism. Smith �967! suspects air embolism
as a prime cause of SCUBA fatalities. The incidence of air embo-
lism in relation to submarine escape training is summarized by
Waite et al. �967! and Miles �962!.

In a diminishing pressure situation, e.g., a diver ascending from
depth, the air in the lungs is expanded because of the decreasing
extevnal pressures. If the normal exhalation route of the expand-
ing gas is interrupted either voluntarily, as in breathholding, or
involuntarily, from local respiratory tract obstruction, the intra-
pulmonary pressure progressively distends alveoli and ruptures of
alveoli ensue. Localized partial or complete bronchial obstruc-
tions include "ball-valving" bronchial lesions, mucus, broncho-
spasms, etc.  Linaweaver, 1963!. Walter  Smith, 1967! suggests
that bronchial mucus and irritants, particularly tobacco, are prime
offenders. From the point of rupture  Figure 3-3!, the gas may
dissect along bronchi and enter the mediastinum to create rneduzstinaZ
errphysema. A diver with mediastinal emphysema may experience such
manifestations as substernal pain, breathing difficulties, and even
collapse due to direct pressure on the heart and great vessels.
Cyanosis may be evident.

From the mediastinum, the gas frequently migrates into the sub-
cutaneous tissues  eubo~taneous Gmpkysema!, most often in the neck
and supraclavicular region. This will add manifestations evident
by enlargement of the neck, voice changes, breathing difficulties,
and crepitation  cracking sensation! upon palpation of the neck
and supraclavicular region. If there is a weakened area on the
surface of the lung, such as alveolar emphysematous blebs, rupture
may take place into the pleural space with the development of a
p~eumotho~ax. Pneumothorax is an infrequent but serious com-
plication of diving. This may result in partial or total collapse
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of the lung on the side involved. As the diver continues ascent,
the air entrapped in the pleural space expands at the expense of
the collapsing lung and may eventually cause displacement of the
heart. This is an extremely serious complication because both
breathing and circulation are impaired. Manifestations include
chest pressure and pain, breathing difficulties, and cyanosis.

The most serious consequence of alveolar rupture is the release
of gas bubbles into the pulmonary circulation, and via the pul-
monary vein, left heart, aorta and carotids, into the cerebral
circulation. The cerebral area is most frequently affected since
the diver is usually in an erect or head up position, and the
bubbles tend to rise. Any bubble too large to pass through an
artery will lodge and obstruct circulation to adjacent areas or
orqans. This obstruction is the embolus.

The wide clinical spectrum of symptoms and signs associated with
cerebral air embolism inc'lude headache, vertigo, cranial nerve
involvement, visual, auditory, and speech disturbances, loss of
consciousness, coma, paralysis, convulsions, loss of vital signs,
and death  Waite et al., 1967!. Death results from coronary and/
or cerebral occlusions with cardiac arrhythmias, respi ratory fail-
ure, circulatory collapse, and irreversible shock  Linaweaver,
1963!. The onset of symptoms is dramatic and sudden, usually
occurring within seconds of surfacing, or even prior to surfac-
ing.  iany cases occur without development of any symptoms prior
to unconsciousness; the diver may or may not experience discomfort
or pain in the chest prior to or during alveoli rupture. The
tearing of 'Iung tissue often results in bloody froth at the mouth;
however, the absence of bloody froth does not preclude the possibil-
ity of air embolism  US Navy, 1970 a!.

Dysbaric cerebral air embolism and its related conditions are best
prevented by observing the following procedures or rules establish-
ed by the US Navy �963! and supplemented by me:

-::::: Careful selection of personnel: Each candidate for
diving duty or training must undergo a complete medical
examination, including an evaluation of his medical
history. History of tuberculosis, asthma, or chronic
pulmonary disease may be disqualifying; the lungs
shall be normal as determined by physical and X-ray
examination  chest roentgenograms taken at full in-
spiration and full expiration!. The daily condition
of the diver must also be considered; a severe cold
 especially with respiratory complications! is tempo-

rarily disqualifying.
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Proper, intensive traininq of eve~@ diver in tWc
physics ano. physio7ogiJ invoLved in diving.' Many
cases of air embolism have occurred simply because
the diver did not understand Bayle's law and its
application to diving. A thorough understanding of
diving physiology and an awareness of the conse-
quences of air embolism promotes a positive attitude
toward the observance of basic diving procedures
and safety standards.

proper, intensive training of every diver in the use
of diving eauipment and divina arid a, et@ procedures:
This is especially important in the use of SCUBA.
When an improperly trained diver loses his gas supply
underwater, his first overwhelming instinct is to
hold his breath and surface immediately. Training
and proper indoctrination give the individual confi-
dence which is so important during times of danger
so that intelligent and proper action will be taken,
thus avoiding panic.

J'/ever hoEd go~ breath during ascent from a dive ir
ubiety a breathing apparatus i.'as used: Breathe regu-
larly during ascent. When the apparatus fails or
gas supply is exhausted and a free ascent is unavoid-
able, exhale continuously during ascent to prevent
overexpansion of the lungs.

Divers should avoid smoking: There is suf f icient
evidence to indicate that smoking causes serious
irregularities in the lung tissue and excessive
bronchial mucus. Subsequent blockage of airways
and weakened tissue can result in rupture of tung
tissue.

The only recognized standard and effective treatment of cerebral
air embolism is the recompressi on method. Complete and authori ta-
tive discussions of this topic are availab1e from the US Navy
�970 a!, and Dueker �971!. RecoIpression procedures and princi-
ples are given in the section of recompression in this text.

3,5 IMPAIRED CONSCIOUSNESS DURING HREATHHOU3 DIVING

Prolonged voluntary breathholdino whi le swiniming underwater can
result in loss of consciousness and subsequent drownilia. Craig
�96I a, 1961 b! studied cases of near drownings and deaths
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resulting from loss of consciousness while swimming underwater and
found that during such circumstances diving accidents were explain-
able by loss of consciousness due to hppa~a. Hyperventilation
is a common pract1ce among underwater swimmers, i.e., skin divers,
sponge and pearl divers, etc. By hyperventilation the sw1mmer
can significantly deplete the carbon dioxide  COp! stores of the
body. The partial pressure of' COp  pCOp! in the nerve tissue re-
gulating respiration appears to be the primary stimulus to res-
pirationn, with comparatively little stimulus derived from low
oxygen partial pressures  pOZ!. While swimm1ng underwater the
diver uses Op and produces C02; however, since the COp is used
for replacement of the subnormal body COp stores, there is insuf-
f1cient COp stimulus for respi ration. When the oxygen consump-
tion is increased, as in the first few seconds of exercise, the
pOp may decrease to a degree incompatible with cerebral function
before the rise 1n pCOp commands the diver to surface for air.
Loss of consci ousness can result from hypoxia  or anoxia, wh1ch
has about the same meaning! w1th little specific warning. The
v1ctim may actually continue his activi ty between the time of
loss of consc1ousness and final collapse.

This condit1on is further complicated by increased ambient pres-
sure and ascent from depth. Paulev �968! and Paulev and Naeraa
�967! conducted controlled experiments to study the mechanism
of hypoxia and carbon dioxide retention during the following
breathholding dives. During these dives the alveolar oxygen
tension  pA02! decreases linearly, but remains high enough to
reoxygenate the blood quite completeIy during most of the dive.
However, staying on the bottom longer than 90 sec yielded sig-
nificantly low pAOp and arterial Op tension  pa02!. The low pAOp
and the Bohr effect  the greater the paCOp, the lower the hemo-
globin Op saturation is! has resulted in a significant fall in Op
saturation; thus, the blood cannot carry as much Op from the
lungs to the tissue as before. Some divers have been reported to
have lost consciousness at the bottom, and they possibly have
contracted the dangerous combination of a low pAOp and a very high
pACO~.

Shortly after reaching the bottom a diver may experience a sub-
jective 'breaking point" approach sensation due to increased
paCOp stimulus plus stimuli elicited from smaller lung volume.
This sensation is easily overcome by the willpower of trained
breathhold divers. The expert skin diver can actually "condit1on"
himself to voluntar1ly or involuntarily ignore the breaking-
point sensation  or urge to breathe! and over a period of time
becomes inured to the subsequent pCO~ buildup that would drive
the average person to the surface for air. During ascent, a



relief of the breaking-point sensation is experienced because
the lung volume increases and the pACO2 falls, even though
oxygen may actually diffuse from the alveoli to the blood at
a slower rate due to pAC02 decrease. Since the pA02 may fall
below the venous p02, the possibility for 02 transfer from the
blood to the lungs is present. Blood oxyaen stores may be de-
pleted rapidly. If during ascent, blood deprived of oxyaen
arrives at the cerebral cortex, the diver may lose consciousness
wi th little or no warning before or just as he reaches the surface.
Unconsciousness during ascent when the diver is below the "buoy-
ance point" is a potentially fatal condition. Ironically, many
competitive skin divers wear lead weight belts, making them
neaatively buoyant for effortless diving.

Bond   1965! condemns competi ti ve breathhol dinq exercises and
co~tests, even under the auspices of a good organization, and
anyone who wears excessive weights. Untortunately, competitive
breathholdina contests are a common occurrence in nearly every
American swimming pool. Bond cites one such experience involvina
a 16-year-old male in excellent physical condition participatina
in a contest conducted in a swimming pool. k!earing a face mask
and weight belt the young man settled to the bottom of the pool
and remained there for 9 min in full view of almost 200 spec-
tators Finally, he was hauled to the surface in a state of
unconsciousness and not breathinq. His breathing was successfully
revived; however, subsequent examination and electro-encephalo-
grams revealed no cortical activity. In other words, this young
man was now doomed to lead the life of a vegetable for the rest
of his days.

Neurological phenomena~ including unconsciousness as a result of
decompression sickness . may occur from repeated breathhold dives
to great depths  Paulev, 1965; 1968!. The increase in the paN
is high at about 20 m depth. Although the volume of N2 absorbed
during each dive may be small, the increase in tissue pN2  ptN2!
could account for the occurrence of N2 containing bubbles in the
tissue following many repetitive and rapid alterations in ambient
pressure. Bond �965! relates a personal experience in which he
was a victim of decompression sickness as a result of 7 hr and
20 min of continuous breathhold skin diving to depths of 80-100
ft. Fortunately, such cases are rare, probably because most
human divers cannot breathhold dive deep enough nor often enough
to contract decompression sickness.

Cross �962, 1965! discussed the dreaded disease of Tuamotus pearl
divers, "taravana." These pearl divers are true skin divers; they
use no breathing apparatus or air supply for their underwater work.
Yet, many of those stricken wi th "taravana" exhi bi t symptoms like
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those of classic decompression sickness--vertigo, paralysis,
unconsciousness, and insanity. These divers may make as many
as 6-14 dives/hr to depths up to 150 ft and stay submerged an
average of 1 min and 35 sec. This schedule is continued daily
throughout the pearl divino season. On one exceptionally qood
diving day  good weather and seas!, Cross observed that 47 divers
were stricken wi th "taravana." Thirty-four of the 37 suffered
vertigo, nausea, and dizziness, and 11 surfaced paralyzed or un-
conscious and were rescued. Of the 11, six were partially or
completely paralyzed, two were "mentally affected," and two
young men died.

Cross suggests that anoxia is the principal cause of "taravana,"
with its effects on the central nervous system and the brai n
accounting f' or the many and varied symptoms. He points out that
Manaareva divers space their dives 15 min apart, instead of the
4-8 min used by the Tuamotus divers, and do not suff'er from
"taravana."

Certainly anoxia or hypoxia explains many of the symptoms, and
it should also be stated that continuous daily and seasonal ex-
posure of brain tissue cells to hypoxia conditions could possibly
result in cumulative and irreversible brain damage. However,
decompression sickness, as discussed by Paulev  ]965, 1968!, is
also an equally significant explanation, especially when con-
siderinq the cumulative underwater time and depth.

Frequently, loss of consciousness wh~le underwater is referred to
as shallow-water or underwater blackout. The US Navy �963! de-
fines shallow-water blackout as an "accident in which a diver
loses consciousness, presumably from carbon dioxide excess with-
out an adequate respi ratory warning " Bond �965! considers
lowering of oxygen levels of vital organs as a primary cause.*

3.4 BREATHING I EDIA RNTAJ~INATION

3.LI.1 QRIlON f'"ONOXIDE POISONING

Carbon monoxide  CO! is probably the most serious breathing media
contaminant. Carbon monoxide readily combines with the blood
hemoqlobin, forming COHb, and renders the hemoglobin incapable
of transporting sufficient oxygen. Hemoglobin, in fact, combines
with CO about 200 times as readily as with oxygen. Shepard et al.

For a more comprehensive review of breathholding, consult DuBois
 l955! and Rahn �965!.



�958! have shown that the diffusion capacity for CO increases
progressively with increasing exercise. When this occurs, tissue
anoxia develops even though the supply of oxygen to the lungs is
ample. At sea level the toxic effect of CO is proportiona1 to
the amount of COHb formed; however, at depth, a diver may tolerate
a considerably higher ratio of COHb because some of the oxygen
transport requirements are met by the oxygen in solution  due
to increased p02 at depth!. However, since the reconversion of
COHb to oxyhemoalobin is relatively slow compared to the time
required for COHb to form, the diver may develop symptoms of CQ
poisoning immediately on ascent  US National Research Council,
1956!.

Consequently, contamination of SCUBA air with even small amounts
of carbon monoxide can be very dangerous. At present, specifica-
tions and purity standards for high-pressure, compressed, diver' s
breathing air allow for a maximum of 10 �.001 percent! ppm car-
bon monoxide  Anonymous, 1964; US Navy, 1970 a!. On several oc-
casions I have analyzed air obtained from "dive shops" and found
concentrations of CO beyond the recommended limits. Oceupationa2
Hea2th �963! reports that upon examination of 25 SCUBA tanks for
presence of CO, only two tanks showed no CO present, 18 tanks had
CO concentrations between 10 and 25 ppm, and five of the samples
had concentrations greater than 25 ppm, with one sample of 75 ppm.
The diver must be certain that the air supply meets recommended
purity standards. SCUBA air supply must be obtained from re2iat 2e
sources. Periodic air analyses are recommended; organizations
conducting diving operations should include CO gas analysis equip-
ment in their diving lockers. Methods of analysis, safe limits,
and methods of removal are discussed in US Navy �970 a!.

The wide spectrum of symptoms associated with carbon monoxide
poisoning include headache, dizziness, nausea, weakness, con-
fusion, and other mental changes. The tender or diving partner
may note failure to respond, clumsiness, and bad judgment. Fre-
quently no symptoms are evident; the diver may lose conscious-
ness without warning and breathing may cease. In general, the
symptoms parallel those of other forms of anoxia, with one ex-
ception --the victim's coloration is red instead of blue. In
spite of the displacement of oxygen, hemoglobin combined with CO
has a bright red color. Consequently, a victim who becomes
anoxic because of carbon monoxide poisoni ng often exhibi ts an
unnatural redness of lips, nail beds, and sometimes the skin.

When carbon monoxide poisoning is indicated, get the victim into
fresh air  or noncontaminated area! as soon as possible. If
breathing has stopped, start artificial respi ration at once.
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The victim should be given oxygen as soon as possible; administra-
tion of oxygen increases the amount of oxygen reaching the tissue
in spite of the inactivity of the hemoglobin and it also acceIer-
ates the elimination of CO from the blood. A carbon monoxide
victim should be treated under medical supervision. The treat-
ment of carbon monoxi de vi ctims with oxygen at 2 atm pressure has
been described by many investigators, including Smith et al. �962!.
Records of rapped and complete recovery are establishing hyperbaric
oxygen as a standard method of treatment.

Contamination with carbon monoxide can arise from two primary
sources:

The gas may be present in the intake air f rom having
the compressor intake located too close to or down-
wind from the exhaust of a gasoline-driven engine or
other source of exhaust gas. In large cities and
industrial areas, CQ is a common atmospheric pol-
lutant and may rise, at times, beyond the safe concen-
tration level for diver's air. Consequently, the
air supplier must be constantly aware of atmospheric
pollution levels and/or take measures to remove ex-
cessive CO during the air compression process.

::-9+:, Oil-lubricated compressors, particularly when not
operated or maintained properly, can develop high
cylinder temperatures that cause partial combustion
 oil "flashing" or "dieseling"! of the lubrication
oil. All breathing air compressors must be main-
tained in accordance with manufacturer's specifications.

3,4,2 OIL-VAPOR CONTANINATION OF P-IR SUPPLY

Oil vapor, from oil-Iubricated compressors, is probably the most
common contaminator of SCUBA air supply, Oil fumes give an un-
pleasant taste and odor to the breathino, mixture, and under pressure
the concentration may be sufficient to cause pulmonary irritation,
cough, and in extreme cases, pneumonia. Do not use contaminated
air; charge SCUBA cylinders at a reliable faciIity. Avoidance of
excessi ve oil vapor i n compressed air requi res careful and regular
compressor maintenance, water and oil vapor condensors, and an
effective filtering system.
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5,4,3 CARBON DIOXIDE EXCESS

Carbon dioxide  CO2! is a natural by-product of oxidation and
metabolism. The C02 tensi on in the human body i ncreases wi th the
rate of production due to physical exertion and inadequate ven-
tilation of the lungs, Under normal condi tions C02 is the primary
respiratory stimulant to the respiratory center in the medulla.
Normal concentrations of CO2 in atmospheric air are 0.04 percent
and a pC02 of 40 mm Hg is the normal alveolar tens~on. Breathing
a mixture of 2 percent C02 slightly increases the respiratory
rate. The effects of CQ2 are dependent upon the pCOZ. In ac-
cordance with Dalton's law of partial pressures, a 2 percent C02
mixture at the surface � atm! will at 132 ft � atm! have es-
sentia11y the same effects as a 10 percent mixture would at the
surface.

The effects of increased carbon dioxide content in the respired
air have been investiqated by many researchers. Greenbaum and
Hoff �966! list more than 300 papers on carbon dioxide's effects;
special mention is made of a report by the US Nationa1 Research
Council �956!. The effects of increased pC02 on body functions
are extensive and variable. Adequate respiratory vent~lat~on is
of considerable importance when considering the design of al'I
diving apparatus, recompression chambers, underwater habi tats,
submersibles, etc. The following discussion will only include
those aspects of carbon dioxide excess relative to operational
diving. Miles �962! indicates that there has been a wide ten-
dency to use carbon dioxide as an underlying cause of many of
the accidents and illnesses encountered in di ving. It has been
blamed for nitrogen narcosis, oxygen poisoning, shallow-water
blackout, and as contributory to decompression sickness. Accidents
with no obvious cause are frequently attributed to carbon dioxide
excess. The recent death of a US Navy SEALAB III aquanaut was
attributed to carbon dioxide poisoning due to failure to fill a
breathing apparatus f~lter canister with "Baralyme"  a CO2 ab-
sorbent!  Anonymous, 1969!.

As a diver without breathing apparatus descends, the alveolar
pressure of carbon dioxide does not rise appreciably because of
absorption by the circulating blood to mai ntai n a pC02 of about
40 mm Hg . During a breathhold di ve the rise in alveolar C02 is
due to the accumulation of gas from metabolic processes. For all
intents and purposes, carbon dioxide excess can be considered
secondary to anoxia in loss of consciousness while breathho'Id
divinq. Voluntary lowering of the normal pC02 by hyperventilation
prior to the dive retards the respiratory response and enhances
the development of hypoxia.

In diving wi th breathing apparatus, excessive accumulation may
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resul t when the carbon dioxide absorbent unit is inefficient or
exhausted in closed and semiclosed circuit SCUBA and mixed-gas
helmet rigs or when there is an inadequate gas supply to suf-
ficiently ventilate the helmet or mask. The resulting accumula-
tion and subsequent inhalation of carbon dioxide � percent con-
centration! produces respiratory stimulation  i.e., panting,
breathlessness, distress, etc.!, cerebral dilation, and headache.
As the concentrations increase, the diver may become confused,
irrational, and drowsy, and if the concentration rises above
10 percent, the diver will generally lose consciousness.

Conditions which enhance the retention of C02 in the body include
unusual exertion, inadequate ventilation, high oxygen tensions,
increased density of breathing medium, and inadequate gas supply
to ventilate the breathing system and remove carbon dioxide; this
is extremely important under conditions of heavy exertion. In-
creased alveolar oxygen pressure affects the carbon dioxide re-
sponse  Lloyd et al., 1958; Lambertsen et al., 1963!. Increased
breathing resistance, whether due to apparatus design or gas den-
sity, favors C02 retention and therefore decreases sensitivity
to CO2  Lanphier, 1958!. Lanphier favors abandoning nitrogen-
oxygen mixtures in favor of less dense helium-oxygen mixtures
for mixed-gas SCUBA diving. Eldridge and Davis �959! concur with
Lanphier in that increased breathing resistance causes pC02 and
exert~on levels to rise in parallel, whereas ventilation response
remains constant, or even decreases.

If a diver does not ventilate his lungs sufficiently to eliminate
as much CO2 as he is producing, he can poison himself  US Navy,
l963!. A number of accidents in which the diver has lost con-
sciousness for no apparent reason have been explained on this
basis. Deliberate reduction in breathing rate to conserve air
in the use of open-circuit SCUBA is an extremely dangerous prac-
tice. Most authorities consider i t better to breathe normally and
consume more air than to practice periods of breathholditig between
inspirations and risk the lethal consequences of C02 build-up.

5i5 6AS NARCOSIS AND TOXICITY

3,5.l. INERTWS NARCOSIS

Among the major factors likely to cause performance impairment in
divers at increased ambient pressures is inert-gas narcosis. Al-
though the common inert gases  nitrogen and helium! associated
with diving are physiologically inert under normal condi tions,
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they have distinct anesthetic properties when the partial pres-
sure is sufficiently high. The problem of compressed air "intox-
ication" has long been recognized by divers and researchers.
Behnke et al. �935! were among the first to attribute these
effects to high partial pressure of nitrogen. Many theories of
compressed air intoxication were advanced by various investigators.
Damant �930! attributed part of the intoxicating effects to the
increased oxygen pressure. Bean �950! expressed doubt that ni-
trogen was the responsible agent, and contended that the sole
causative factor is a rise in body CO2 tension brought about by
raised gas density. Manifestations of anxiety  I-Iill and Green-
wood, 1906! and claustrophobia, a combination of all of the afore-
mentioned factors, or the pressure itself  Shilling and Willgrube,
1937! have also been suggested as causes. However, encephalographic
studies by Bennett and Glass �961! leave little doubt that high
nitrogen pressure constitutes an important causative factor of com-
pressed air narcosis. Associated causes may include the density
and oxygen partial pressure of the respired mixture, which, in turn,
may cause an increased carbon dioxide tension that synergistically
potentiates the narcosis  Bennett, 1963!. Taylor �962!, however,
finds that CO2 does not contribute to the causation of the narcosis.
Bennett �966! considers the problem of compressed air intoxication
in detail and Miller �963! discusses the theories of inert-gas
narcosis.

Nitrogen narcosis, or compressed air intoxication  US Navy, 1963;
Lanphier, 1957!, characterized by symptoms similar to alcohol in-
toxication, first becomes evident at a depth of about 100 ft.
Beyond this depth, most compressed air divers show some impairment
of thought, judgment, and the ability to perform tasks that require
mental or motor skill. Such impairment, even if mild, obviously
consti tutes a potential hazard to the diver's safety. Most divers
lose their effectiveness at, about 200 ft, and at about 250 ft, the
average diver is, for all practical purposes, useless and a menace
to himself.

Like alcohol, the effects of nitrogen vary with the individual per-
son, and, by conscious effort, the hazards can be minimized within
certain limits. MiIes �962! tabulates the sequence of events for
the average man under the influence of high-pressure nitrogen in a
breathing medium of air as follows:

.':,,:200-160 f5: Light head, increasing self-confidence, loss
of fine discrimination, and some euphoria.

150-200 f0: Joviality and garrulousness, perhaps some
dizziness.
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:: 200 � 250 fX: Laughter may be uncontrolled and approach
hysteria. Power of connnunication lessened,
and mistakes made in simple motor and mental
tasks. May be peripheral numbness and tin-
gling. Less attention paid to personal
safety. Delayed response to signals and
stimuli.

800 ft: Depression, and loss of clear thinking. Im-
paired neuromuscular coordination.

May approach unconsciousness, with the addi-
tional danger of oxygen poisoning.

The principles of prevention lie in common sense and proper diving
procedures. Compressed air divers must observe definite depth
limitations. The US Navy �970 a! considers 300 ft as an absolute
limit for surface-supplied air diving and 130 ft as the maximum
air working limit for SCUBA divers, except specially trained person-
nel. For dives to depths greater than can be reached safely by air
divers, helium-oxygen mixtures are employed. Published accounts
of "sport" dives, using compressed-air SCUBA, to depths of 200-300
ft are not uncommon, and one account mentions a "record" dive to
390 ft. Recently another "record" SCUBA dive  air! of 437 ft was
reported in a local newspaper  The G~and Rapids Press, 29 January
1969!. The trained diver need not be reminded that even 200 ft
is welf beyond the depth limit deemed reasonable and proper by the
Navy for compressed-air SCUBA. Not only is the diver subjected to
extremely high pN2 and subsequently nitrogen narcosis but also
oxygen poisoning and decompression sickness. US Navy �970 a!
standard air decompression tables are calculated to only 300 ft.
The publication of such "stunts" tends to lure the unsuspecting
novice to depths beyond the capacity of his equipment, knowledge,
skill, and physiology.

The treatment of gas narcosis is no problem. Simply reduce pres-
sure  ascend!, and recovery is complete, except in severe cases,

Several predisposing factors may advance the onset of symptoms and
ameliorating factors may help to increase the tolerance to nitrogen
narcosis  Miles, 1962!. Alcohol taken prior to pressurization
greatly enhances the nitrogen effect, the two being almost additive.
Fatigue will increase susceptability, as wi I 1 any circumstance caus-
ing retention of carbon dioxide. In the inexperienced diver, anxiety
is likely to advance the onset of symptoms. However, experience,
strong will, and frequent deep diving all help to increase the tol-
erance to high-nitrogen tensions. Bennett �963! suggests that cer-
tain drugs might lessen the narcotic effects of nitrogen.
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where, in some cases, temporary amnesia and, in all cases, tired-
ness due to pressure exist  Piles, 1962!.

3.5,2 OxYGEN Toxrctw

The toxic effects of excess oxygen are of considerable importance in
diving and hyperbaric research, and the mechanism of these effects
is not yet thoroughly understood. The administration of IOO per-
cent oxygen to humans continuously for 24 hr at normal atmospheric
pressures causes substernal distress in 86 percent of subjects,
and under pressures above 1.0 atm for a sufficiently long time or
at sufficiently high pressure eventually leads to the development
of oxyoen toxicity characterized by general convulsions  Greenbaum
and Hoff, 1966!. The cause of these convulsions is not yet com-
pletely understood in spite of considerable research in this field.

Oxygen toxicity is a function of pressure and duration. The safe
period of oxygen inhalation is further reduced by immersion, ex-
ercise, and carbon dioxide inhalation. High-pressure, oxygen poison-
ing affecting the brai n and causing convulsions can definitely occur
at p02 of 2.0 atm and someti mes even lower  US Navy, 1970 a!. Oxygen
tolerance varies with individual divers and may also vary from day
to day. The US Navy has established an "oxygen tolerance test" for
divers to detect Chose with unusual susceptability which requires
breathing pure oxygen for 30 min at 60 ft in a dry chamber. The
US Navy recommends a normal 25-ft depth limit and for exceptional
operations a 40-ft limit for pure oxygen breathing during working
dives; dive duraCion is limited in accordance with depth. Emerson
�966! recommends an allowed p02 range of 0.2-0.4 atm for prolonged
mixed-gas di ving exposures and suggests that 0.2-1.5 atm mioht be
acceptable for short durations.

Warning symptoms of oxygen toxicity, in order, are: muscular
twitching, nausea, abnormalities of vision and hearing, difficulty
in breathing, anxiety and confusion, unusual fatigue, incoordina-
tion, and convulsions. Oxygen poisoning is reversible and the
convulsions are not dangerous in themselves but may result in
physical injury, air embolism  uncontrolled ascent!, and drowning
 particularly with SCUBA!. The convulsions are usually self-termina-
ting with no apparent lasting effects. The mechanism of oxygen poison-
ing, although presently obscure, may be considered to be a di rect
effect through interference with enzyme systems. For an authori tative
discussion of oxygen toxicity, the reader is referred to the US
National Research Council �966!.
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3,6 DECOR'RESS ION SICKNESS' .AIR b IVI NG

The term "decompression sickness" refers to the "signs, symptoms
and basic underlying pathologica! processes caused by rapid re-
duction in barometric pressure from high pressure to one atmos-
phere, or from any higher to any lower level of pressure"  Green-
baum and Hoff, 1966!. The basic underlying pathologic process
in decompression sickness is the local formation of bubbles in
body tissue, both intravascular and extravascular. The resulting
symptoms vary widely in nature and intensity depending on the
location and magni tude of bubble formation. When the diver is
breathing air, the primary constituent of these bubbles is ni-
trogen with a small fraction of carbon dioxide.

To understand the basic causes of the bubble formation phenomenon,
it is necessary to examine what happens to air when breathed under
increased ambient pressure. In accordance with the laws of partial
pressures, the amount of a given gas that will dissolve in a given
liquid is determined by the percentage of that gas in the total
mixture and by the ambient pressure. When the pressure of the
gas mixture is increased, a pressure gradient exists between the
tensions of the dissolved and undissolved phases of the gas. This
gradient drives each gas into solution in proportion to its partial
pressure until an equilibrium is established between the dissolved
and undissolved phases of the gas. If the ambient pressure is
then decreased, the tension of the gas in the dissolved phase ex-
ceeds that of the gas phase, and the pressure gradient is reversed.
The factor of time for equilibrium to be established in either
direction is a principal factor in the discussion of decompression
sickness.

Nitrogen is the only principal component of air that is inert; i t
theref'ore is una tered in the respiratory process and, for all prac-
tical purposes, quantitatively obeys purely physical laws. Conse-
quently, at gaseous equilibrium, the partial pressure values of
nitrogen in the alveolar air, venous and arterial blood, and body
tissues are identical. Oxygen and carbon dioxide are actively
functional in the metabolic processes and under ordinary diving
circumstances, the metabolic cushion renders the tissue tensions
of these two gases of little significance in the mechanism of bubble
formation  Dewey, 1962!.

Nitrogen will not dissolve in all body tissue at the same rate or
in the same amount. This is because nitrogen is transported from
the alveoli to the tissue in solution by the blood. Consequently,
tissues rich in blood supply will equilibrate at a faster rate than
those having more limited circulation  Jones, 1951!. Nitrogen is



3-25

approximately five times more soluble in fat than in water  Vernon,
1901!; tissues high in lipid content  e.g., spinal cord, bone mar-
row, and fat deposits! must take up a proportionally greater amount
of nitrogen before saturation  equilibrium! is reached  Dewey, 1962!.
Mhen the pressure gradient is reversed, the slowest tissues to re-
lease all extra nitrogen will again be those with limited circula-
tion or high lipid content. Behnke et al. �935! determined that,
after complete saturation of all tissues, elimination of al] excess
nitrogen requires approximately 12 hr. About 75 percent of this
nitrogen is eliminated in the first 2.5 hr.

From the diver's point of view, the degree of tissue saturation and,
consequently, the amount of time required for tissue desaturation
 subsequent decompression time! is dependent upon the depth, or
pressure, of the dive and the amount of time at depth.

The mechanism of bubble formation is summarized by Dewey �962!.
Bubbles tend to form in any tissues that are saturated wi th nitro-
gen whenever the ambient pressure is reduced to a point where a
"steep" pressure gradient is driving the gas out of solution.
Haldane et al. �908! first postulated that when the tissue partial
pressure of nitrogen is more than twice that of the ambient partial
pressure of nitrogen, symptom-producing bubble formation will occur.
Once this 2:1 threshold pressure gradient is exceeded, the number
and size of symptom-producing bubbles formed will be directly pro-
portional to the magnitude of the disparity between these two
partial pressures. Under these conditions, the rate of diffusion
of gas from the tissues into the expired air, via the blood and
alveolar membrane, is too slow to cope with the volume of nitrogen
evolved. Hence, the nitrogen comes out of solution locally in the
ti ssue in the form of bubbles . It i s probable that mi croscopic
bubble formation  " silent bubbles" ! occurs in parts of the body
without giving rise to symptomatic manifestations and that these
bubbles may cause chronic delayed damage such as aseptic bone
necrosis  Greenbaum and Hoff, 1966!. Bateman �951! ind~cates
that some degree of bubble formation probably occurs whenever the
tissue partial pressure of nitrogen even moderately exceeds that
of the surrounding atmosphere.

Aseptic bone necrosis refers to destructive sclerotic and cystic
changes in bone which are not infectious in origin. It may occur
in association with a variety of conditions such as chronic alco-
holism, pancreatitis, sickle cell anemia, and ailments stemming
from pressurization and depressurization. Historically, aseptic
bone necrosis was known as caisson disease of the bone because it
was diagnosed primarily in caisson workers. Aseptic bone necrosis
is characterized by lesions in long bones such as the femur. Long-
bone shaft lesions are generally asymptomatic and may be replaced
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to some extent by new bone growth with time. If the lesions occur
in weight-bearing joints such as the head of the femur, the conse-
quences can be serious. Eventually, collapse of the bone may re-
sult and the victim may be crippled in the area affected. Compli-
cations may also occur in the articular cartilage of the joints.
The cartilage may break down and be replaced by a fibro-cartilage
similar in appearance to that seen in arthri ti s.

The etiology of aseptic bone necrosis still has not been unequivo-
cally demonstrated. Some investigators suggest that complications
may arise from excessive compression rates rather than decompres-
sion sickness, The compression phase causes an increase in the
osmotic pressure of the blood. In response to a pressure gradient
between the blood and bone tissues, plasma water is shifted from
the blood vessels into the tissue space of' the bone, thus restrict-
ing bone blood flow. Some investigators suggest that there is a
correlation between aseptic bone necrosis and the number of com-
pression/decompression phases. Others indicate a relation to the
effects of elevated oxygen pressure. A brief history and a summary
of the current status of aseptic bone necrosis research is given
by Karatinos �971!. Until more conclusive studies are completed,
the diver must assume that there is a relationship between this
condition and inadequate decompression and/or decompression sickness.

Obesity, physiologic aging, excessive physical exertion during the
dive, and poor physical condition are factors predisposing a diver
to decompression sickness  Dewey, 1962!. As previously pointed out,
fatty tissues constitute a large nitrogen reservoir due to the 5:1
oil-water solubility ratio. During a deep or lengthy dive, a con-
siderable amount of nitrogen is dissolved in the body tissues. Ob-
viously, if the diver is obese, during ascent the blood--essentially
a watery tissue--will not be capable of transporting in solution
the i ncreased volume of gas evolved from t! e excess fatty tissues.
Consequently, the blood will supersaturate and lead to intravascular
bubble formation on the capi'llary level. This will result in sub-
sequent supersaturation and extravascular bubble formation in
"blocked" tissue, Aging introduces an increasing proportion of
tissue with s'luggish circulation and, therefore, the increased pos-
sibility of local bubble formation,

Excessive physical exertion increases the respiration rate and the
rate of circulation of the total blood volume. Consequently, during
excess exertion under pressure, larger amoLjnts of nitrogen are trans-
ported to the tissue per unit of time than normally.
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Consider the circumstances where a diver is working hard under-
water, e.g ., moving heavy objects, swimming against a strong
current, etc. This diver's tissues may absorb excessive nitrogen
equivalent to 10-20 min of extra diving time under normal con-
ditions, and if he was on a dive schedule of 60 min to 60 ft
 the "no-decompression" limit for that depth!, he may suffer de-
compression sickness if he surfaces without decompression stops.
Poor physical condition is a direct extension of the above sit-
uation.

Harvey et al. �946! demonstrated that forceful movement of muscles
and joints under increased ambient pressure results in an increase
1n bubble formation at those sites during decompression. Excessive
carbon dioxide build-up in tissue has also been empirically and
experimentally observed to lower the threshold for bubble formation
during ascent  Blinks et al � 1951!. SCUBA divers commonly use
methods, e.g., skip breathing or controlled breathing, to lower
air utilization and increase dive time. These practices can result
in excessive carbon dioxide retention in tissue and could possibly
be a factor predisposing a diver to decompression sickness.

Dr. Glen Egstrom  Tzimoulis, 1971! suggests that negative pressure
breathing  as when using SCUBA! triggers diuresis. This loss of
fluid from the body via diuresis, combined with fluid loss asso-
ciated with breathing dry air, causes a degree of dehydration
which may well reduce the eff1ciency of the circulatory system.
Reduced circulatory efficiency may in turn modify the normal ni-
trogen absorption/elimination functions and contribute to the
formation of extravascular bubbles, i.e., decompression si ckness,
Consequently, i t is possible that drinking larqe quanti ties of
1~quid  such as fru1t juice and water! prior to and between dives,
could be significant in avoiding decompression sickness.

Host divers do not realize how important it is to avoid drinking
alcoholic beverages before and during d1ves. The immediate
apparent effects such as mental di sorientati on, i mpaired physical
coordination, vert1go, poor judgment, and general physical weakness
are serious enough in themselves to disqualify the diver. How-
ever, it is also an established medical fact that alcohol produces
a diuretic effect, thereby causing a dehydration of the body. This
results in blood thickening and reduced circulatory efficiency, which
could contribute to the onset of' decompression sickness. It is rec-
ommended that the diver refrai n from alcohol for 36-48 hr before
diving.

Need]ess to say, these "modifying factors" cannot be overlooked
in operational diving. If all of these factors were accounted for
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in standard air decompression tables  US Navy, l970 a!, the tables
would be impractical for normal diving and di vers. Consequently,
the discretion of the diving officer, diving supervisor, and the
diver himself must be relied upon to take these factors into
account when planning the dive schedule. Let's recall the 60-min
dive invo1ving heavy exert~on at a depth of 60 ft. The trained
and knowledgable diving officer, supervisor, or diver will use the
70-ft/70-min schedule to determine the decompression for this dive
even though the actual bottom time was 60 min. Instead of sur-
tacing direct1y with "no-decompression," the diver holds at 10
ft for 14 min to rid his body of possible excess nitrogen. Four-
teen minutes is a small price to pay when one considers the possibi 1-
ity of the many hours in a recompression chamber required to treat
decompression sickness

Divers are cautioned with regard to use of the US Navy standard
air decompression tables for exceptional exposures  Tables 1-14,
Appendix C!. Although current data is inconclusive, i t is sug-
gested by some medical personnel that these decompression sched-
ules are not adequate. A significant number of skin "hi ts" have
been observed by University of Michigan personnel. Until further
information is available, it is suggested that dives beyond 190 ft
on air be avoided whenever possible.

The simple one-compartment decompression meter  Anderson, 1967;
Somers, 1970! is increasing in popularity among divers, particu-
larly SCUBA divers. This meter is designed to simulate the
physiologica1 processes of ni trogen absorpti on and elimination
by the human body and automatically computes the diver's decom-
pression requirements. Although these meters appear to be very
satisfactory for "normal" shallow-water diving operations, they
do not take into account the diver's physical condition, excessive
physical exertion, and other factors affecting individual absorp-
tion and elimination of ni trogen. I am familiar wi th one case
of decompression sickness that is probably a result of these
"modifying" factors not being taken into account when using a
decompression meter. Following the meter "read-out," the diver
suffered a severe case of decompression sickness following his
third or fourth repeti ti ve working di ve in cold water to depths
exceeding 80 ft. Also it should be pointed out that these meters
are designed to function relative to the mid-level tissue ni-
trogen absorption and elimination times and are not recommended
for extremely deep and/or long-duration dives on which the higher
tissues absorb more nitrogen.

The symptoms of decompression si ckness are variable in the~ r nature
and intensity, depending on the location and size of the bubbles .
Localized pain is the most predominant symptom, occurring in
about 89 percent of all cases, and is the only symptom in roughly
68 percent of cases. The onset of pain, sometimes likened to that
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of a severe toothache, is often gradual with fairly rapid increase
in severity; untreated, it almost invaribly progresses to an "un-
bearable" stage. The location of the pain is usually rather local-
ized at first and extends centrifugally to involve a progressively
larger area. Generally, the pain is neither aggravated nor al leviat-
ed by motion or local palpation.

Joints and tendinous structures are the most common location of pain
symptoms. Yarious theories regarding the mechanism of pain produc-
tion have been postulated, and Dewey finds Nims' �951! theory most
acceptable. Nims reasons that a gaseous bubble developing in the
tissue must displace and deform adjacent structures, which possess
varing degrees of elasticity and deformation resistance. Further-
more, given the same amount of gas, the deformation pressure in a
"tight" tissue, such as a tendon, ligament, and joint capsule,
must be greater than that in "loose" tissue, such as fat. When
this deformation pressure exceeds a certain threshold value, nerve
fibers are stimulated by the mechanical deformation. On this basis,
"tight" tissues are the most probable sites for symptom occurrence.
This has been verified by experience and experimentation   Inman
and Saunders, 1944!.

Localized skin rash and itching is experienced fairly often by
divers during or immediately following decompression. A peculiarly
irregular, modified "rash" is the most common type of skin lesion
related to decompression sickness. The distribution tends to be
related to subcutaneous fat deposits and is characteristically
found, in order of frequency, in the pectoral region, back of
shoulders, upper abdomen, forearms, and thighs. Recompression
causes complete disappearance of the visible lesion; however,
tenderness may persist for several days. The underlying pathologic
changes and mechanism of skin lesion production in decompression
sickness are clear. Individual susceptibility varies . Ferris
and Engel �951! is a major source of information on this subject.

Transient blurring of vision and other visual disturbances occa-
sionally accompany more serious manifestation of decompression
sickness. Yisual disturbances are probably secondary to vasomotor
decompensation and shock and are rarely of CNS origin.

Central nervous system manifestations are probably the most ser-
ious consequence of inadequate decompression. The great variety
of bubble formation sites yield a comparable variety of distur-
bances, sometimes bizarre, often multiple, and certainly unpre-
dictable, Theoretically, bubble formation can produce almost any
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symptom. Damage may be extensive or confined to minute structures.
Most CNS lesions occur in the spinal cord, particularly in the
lower segment; cerebral damage is relatively rare. quadriplegia,
paraplegia, and paralysis of a single or several extremities in
every combination have been reported. Early vasomotor collapse
and shock are associated with the more serious manifestations.
Various body organs and functi<.ns may be affected. Permanent re-
sidual damage may result in loss of bowel and bladder control
and/or some degree of residual paresis in one or both of the lower
extremities. Gersh and Catchpole �951 ! summarize the findings on
pathologic changes in the human CNS caused by decompression sick-
ness.

Other manifestations include respiratory distress  "chokes"!,
headaches, nausea, and fatigue. The "chokes" is the rare but in-
teresting symptom of delayed development of substernal distress,
often described as burning. The condition is aggravated by deep
inspiration and subsequent burning pain in all phases of respira-
tion and an uncontrollable urge to cough. As the pain intensi-
fies and spreads, respiration becomes difficult, coughing more
severe. The victim becomes cyanotic, very apprehensive and pro-
gresses into clinical shock with subsequent loss of consciousness
on occasion. The condition can be fatal if untreated. Headache,
nausea, and fatigue generally are considered to be nonspecific
reflex phenomena secondary to the conditions previously discussed.
Marked fatigue, often out of proportion to the physical exertion
expended, is frequently experienced following deep dives, particu-
larly if the decompression has been marginal. The onset of fatigue
is generally 2-5 hr after surfacing and is characterized by an
overpowering urge to sleep. The underlying mechanisms responsible
are not known; however, fatigue is frequently cons~dered a minor
manifestation.

Certain symptom patterns are evident. Study of case histories in-
dicates that certain symptoms and anatomic sites are more frequently
involved than others. Table 3-1 summarizes the frequency occurrence
of the more common symptoms. Duffner et al. �947! reported on the
frequency of combinations of symptoms  Table 3-2!. Symptoms may
apoear immediately after surfacing or more than 6 hr later  Table
3-3!. Treatment for decompression sickness is discussed in Section
3.I1.
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FREQUENCY  X!SYMPTOM

89.0

Table 8-2. Frequency of Symptome Occurring in Decompression
Sic&ees  Modi fied from Dewey [2962] !

FREQUENCY �!COM8INAT ION

ro.o
25.6

4.4

68.0
5.3

Single symptom only
Two symptoms
More than two symptoms
Pain as only symptom
Localized pain not symptom

Table 8-2. Frequency of C'ombination of Spmptoma  Duffner et
al., 2947!

OCCURRENCE OF
INITIAL SYMPTOMS  l!

50
85

95
99

INTERVAL AFTER SURFACING

Within 30 min
Within 1 hr
Within 3 hr
Within 6 hr
Delayed more than 6 hr

Table 8-8. 2nterval Between Surfacing and Onset of Initial
Spmptoms  Modified from US Navy [2986]!

Loca'I pain
I ower extremity �05!
Upper extremity �0%!

Skin rash  with itching!
Visual disturbances
Motor paralysis or weakness
Vertigo
Numbness
Respiratory distress  "chokes"!
Headache
Unconsciousness
Aphasia
Nausea

11.0

6.0
5.5
5.0

4.8
2.4
1.9

1.5
1.2
0.9
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The prevention of decompression sickness is best accomplished by
observing the following rules established by the US Navy �963!
and supplemented by me:

CarefuZ selection of personneZ: Persons not prop-
erly trained in diving and the use of decompression
tables and procedures are immediate candidates for
a case of the "bends" and should be rejected. In
addition, persons with old injuries and diseases
which could result in abnormally restricted circu-
lation should be rejected. In other words, divers
must meet certain medical standards.

Observation and evaluation of cack man before he
makes any dive: Alcohol intoxication or "hangover,"
excessive fatigue, or a general run-down condition
should be sufficient to temporarily restrict a man
from diving activities. All of these conditions
may enhance susceptability to decompression sickness.
It is the responsibility of the divers, the diving
officer, or the diving supervisor to restrict a
diver when his physical condition is not satisfactory.

Carefu2 attention to detai7s of the dive: Establish-
ment of a good dive plan with accurate depth and time
determinations is mandatory. Never depend on SCUBA
tank volume and air-supply duration as a measure of
"no-decompression" limits. Table 6-2 readily illus-
trates that a SCUBA  open-circuit! diver can exceed
"no-decompression" limits even when using a standard
single cylinder �2 ft !. All divers working below
a depth of 30 ft should be equipped with a watch and
depth indicator and/or automatic decompression meters.
Keep accurate records of all dives, they may be im-
portant in diagnosis and treatment of decompression
sickness.

St~et observance of the decompression Cables I'or
automatic decompression meter ! with due consideration
of modi fling facto2s: Adhere to the tables at all times
unless there is reason to question the accuracy of
depth or time. In this event, decompress the diver
for a dive of greater depth and longer duration. Ter-
minate dive if decompression meter malfunction is
suspected and undergo conventional stage decompression
if the "no-decompression" limits ha~ e possibly been ex-
ceeded. Also, take into account working conditions,
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e.g,, physical exertion, water temperature, etc,,
and lengthen decompression accordingly. When in
doubt, always act in the diver's favor by adding
to the decompression; never shorten decompression
for mere convenience.

.78pai.t all syn~toms or siqns ivmedizhely: Serious
cases of decompression sickness of ten begin with a
slight pain or itch. Failure to treat promptly can
result in serious permanent damage or at least pro-
longed treatment.

Dewey �962! published an excellent paper giving a relatively com-
plete discussion of decompression sickness. This work has been a
major source for the previous discussion. For additional practical
information, the reader is referred to the US Navy �970 a! and
Cross �968!. US Navy standard air decompression and repetitive
dive tables are given in Appendix C.

3,7 GTIII:P, CU":PLIG-',TIG;5

3,7, I LLINC I!!FECTION

Several cases of lung infection have been traced to a funaus which
grows in the hoses of regulators. This fungus is thought to be
nourished by human saliva, and grows more readily in tropical
climates. Divers have been hospitalized, and there are unverified
reports of death from acute cases of lunc infection. The fungus
can be eliminated by soaking the hoses, mouthpiece, and nonreturn
valves in a mixture of 2 oz of zephiran chloride and 1 gal. of
water; should metal parts be soaked, add 16 antirust tablets to
prevent corrosion. An alternate procedure  US Navy, 1970 a! is
to scrub the hoses with surgical soap and rinse with a 100-ppm
chlorine solution. A noncorrosive germicidal and fungicidal dis-
infectant should be used on metal parts; remove disinfectant
before usina equipment.

3.7.2 LXTERNAL I.AR If'FECTIOH

Ear infection or "fungus" may be considered an occupational dis-
ease of divers. The actual infection is usually contracted in
contaminated or warm-climate waters due to bacteria similar to
those which cause pimples and boils. To prevent infection, rinse
ears with a 50-70 percent alcohol solution after diving to dry
the ear canal. If inf'ection develops, it is necessary to consult
a physician for treatment.
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Dr, S. H. Reuter  personal communication! recommends the followirg
procedure for removing water from the ear canal and accelerating
drying after swimming:

In a 4- or 6-oz bottle, place I tsp of white vinegar
and fill with isopropyl �0 percent! rubbing alcohol.

Warm the solution by placing the bottle in a basin
of hot tap water.

,"3.'.',' ,Lie on your side and fill the uppermost ear canal
with the solution for 2-3 min.

'4::-,-",' Cover the ear with a folded towel and turn over so

the towel absorbs the solution as it runs out of the

ear.

O'.':- Repeat the procedure for the opposite ear.

The alcohol solution may burn slightly. If it is
painful or burns excessively, this means that the
skin surface is broken and is a warning signal.
Do not go swimming for 48 hr. After this period
of time, try the solution again. If there is no
burning, swimming is permitted.

~,7.3 IlYr ERmNTILATIOr» SVVI.ROm

Hyperventilation initiated by anxiety and/or physical stress may
resul t in unconsciousness or muscle spasms as possible conse-
quences of excessive depletion of carbon dioxide with subsequent
acid-base imbalance in the blood and body. The diver may not be
aware of his pendina problem. In the water this can result in
drownin~. Some individuals are more susceptible to low COp ten-
sion  hypocapnia! than others; however, loss of consciousness
and muscle spasms could probab1y be induced in a1most anyone with
suffi ci ently prol onoed hyperventi1ati on.

Both SCUBA and surface-supplied divers should be aware of the
problems associated with hyperventilation. If the diver notices
that h» is involuntarily hyperventilatina, he should take im-
mediate steps to slow his breathinq rate. A SCUBA diver should
notify his buddy and, if feasible, promptly ascend. Nhen he
reaches the surface, he should inflate his lifejacket. Don' t
attempt to swim to the boat. or shore unaided since unconscious-
ness may be imminent. A tender should continuously monitor the
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diver's breathinq for signs of hyperventilation. If the diver
starts to hyperventilate, he should be asked to stop work and
rest. Holding his breath for short periods will aid in replenish-
ing low COg levels and possibly avert further complications.
Drowning and the hyperventilation syndrome are discussed in de-
tai l by Prasser  f 969! .

3,7.4 HYPERPNEA-EXlAUSTION SYNDRONE

Carious problems in diving such as equipment malfunction, re-
action to venomous marine animal wounds, cold stress, exhausting
swims, etc. may cause a diver to panic. A frequent manifestation
of panic is rapid, shaZZcv breathing, resulting in insufficient
ventilation of the lungs. Subsequently there is an accumulation
of carbon dioxide in the lunas, blood, and body tissues  hyper-
pnea!. The diver s situation is further complicated by possible
decrease in buoyancy due to inadequate inflation of the lungs.
The onset on the hyperpnea-exhaustion syndrome is indicated by
rapid, shallow breathing; dilation of the pupils; inefficient
swimming movements; and signs of exhaustion. The diver will
experience anxiety and exhaustion. Collapse from exhaustion,
unconsciousness, and subsequent drowning may follow. Divers ex-
hibiting the signs or symptoms of this manifestation should
immediately terminate dive, surface, drop weight belt, and in-
flate lifevest. Tenders and diving partners should watch for
signs of distress. This condition is probably responsible for
many problems and near drownings while the SCUBA diver is swim-
mina on the surface,

3.7,5 5/EREXERTION AND EXHAUSTION

Nearly everyone has experienced the "out-of-breath" feeling,
from working too hard or running too fast. It is possible for
a person to exceed his normal working capacity by a considerable
margin before the respiratory response to overexertion is ap-
parent, The end result is generally shortness of breath and
fatigue. On land, this presents little problem.

Underwater  under increased ambient pressure!, the problem of
exertion is modified by several factors and is considerably more
ser~ ous. Even the finest breathi ng apparatus offers some re-
sistance to the flow of air. As the depth increases, so does
the density of the air, and consequently, it moves through the
body's air ways with greater resistance to flow.
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1!hen shortness of breath and fatigue are brought on by overexer-
tion, the diver may not be able to get enough air. The feeling
of impending suffocation is far from pleasant, and it may lead
the inexperienced diver to panic and a serious accident.

Man 's ability to do hard wor k underwater has definite limitations,
even under the best of conditions. Many situations can lead to
exceeding these limits. They include

~ working against strong currents;
~ prolonged heavy e~ertion;
~ wasted effort;
~ breathing resistance, especially with poorly designed

and maintained breathing apparatus;
~ carbon dioxide build � up;
~ insufficient breathing medium, contamination;
~ excessive cold or inadequate protection.

The diver will realize that he has overexerted himself by labored
breathing, anxiety, and a tendency toward panic that accompanies
the overexertion feeling.

If the diver feels the typical "air hunger" and labored breathing
starting to appear, he should do the following;

:.: Stop, rest, and ventilate to get a maximum flow of air
by holding the SCUBA mouthpiece in place and pushing the
purge button on a single-hose unit, or with a double-
hase unit, turn on his back to obtain a free flow of air.
Breathe deeply. Ventilate helmet or mask with free flow.

Inform his "buddy" or tender.

Do not shoot to the surface--terminate dive with a

slow, controlled ascent.

When he reaches the surface, he should inflate his life
preserver and return to the boat or shore, or if too ex-
hausted, signal for an immediate "pick-up,"

The "buddy" and surface crew should

~ render all possible assistance;

~ watch for signs of panic that might lead to a serious
underwater accident;
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~ help diver aboard;

~ provide rest, warmth, and nourishraent.

Overexertion can be prevented if the individual knows and observes
his limitations, takes into consideration the working conditions,
and sets up the diving operation accordingly. For example, plan
the dive so that you can move with the current and not against it.
Diver's should keep themselves in excellent physical condition.
The equipment must also be in top working condition. Be alert for
signs of fatigue!

3, 8 ADD I T IONAL INFORMATION

For further information on the physiology and medical aspects of
diving, the reader should consult US Navy �970 a!, Dueker �970!,
Greenbaum and Hoff �966!, Lambertsen �967!, Lambertsen and Green-
baum �963!, Hoff and Greenbaum �954!, Bennett and Elliott �969!,
Goff �955!, Miles �962!, and the Committee on Hyperbaric Oxygena-
tionn �966!. Psychologica1 aspects of diving and living underwater
are discussed by Radloff and Helmreich �968!.

3.9 @SIC FIRST-AID PROCEDURES

First aid is the "immediate and temporary care given the victim of
an accident or sudden illness until the services of a physician can
be obtained  American National Red Cross, 1957!. Proper first aid
can make the difference between life and death. Every diver and
person related to diving operations should have a good knowledge
of first aid. An American National Red Cross first-aid course or
equivalent is recommended. The following is a brief reminder of
some vital aspects of fi rst aid particularly applicable to diving-
related accidents as given by the US Navy �963, 1970 a!, the
American Medical Association  'l967!, and the American National Red
Cross �957!.

3,9.L 6ENERAL

If the nature of the injury is uncertain, immediately check the
victim for respiration  rate and type!, bleeding, head injury, or
broken bones. The fi rst objective is to save life by: �! pre-
venting heavy loss of blood, �! maintaining breathing, �! pre-
venting further injury or contamination of wounds, �! preventing
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shock, and �! sending for a physician. The first-aider must
avoid panic, inspire confidence, and do no more than necessary to
sustain life until professional help arrives. Obtain the services
of a physician in all but minor, uncomplicated wounds or burns.
Never release a victim that has been unconscious without first
having the victim examined by a physician.

5i9 2 CONTROL OF t!EAVY HLEEDING

! f bl ceding is heavy, from wounds to one or more large blood
vessels, this must be stopped before anything else is done. Such
heavy loss of blood can result in death in 3-5 min. Immediately
apply pressure directly over the wound with dressing, clean cloth,
hand, or fingers. Secure dressing with bandage or cloth strips
and elevate bleeding part higher than the rest of the body unless
bones in the part are broken. Keep the victim lying down. Take
shock prevention measures. Administer liquids  water, tea, coffee!
if the victim is conscious and can swallow. Do not give the victim
any alcoholic beverages. Do not give the victim any liquid at all
if he is unconscious or if abdominal injury is suspected.

Use a tourniquet only for an amputated, mangled, or crushed limb
or profuse bleeding that cannot otherwise be controlled. Use
only a wide, strong piece of cloth. Wrap tourniquet around upper
part of limb above wound. Tie with an overhand knot, place a
short stick on the knot, and secure with a square knot. Twist
stick just tight enough to stop b]ceding. Once the tourniquet
has been applied, leave it in place until immediate, qualified,
surgical, and support measures can be applied by medical per-
sonnel. Keep under constant observation and mark "TK" on the
victim's forehead. Do not cover tourniquet.

5,9,3 jttRTIF ICIAL RESPIRATION

If the victim is apparently not breathing or the lips, tongue,
and fingernails become blue, start artificial respiration immedi-
ately; seconds count. When in doubt, begin artificial respira-
tion, since little or no harm can result from its use, and delay
may cost the victim's life. Mouth-to-Mouth breatRinp is generally
considered the best method since it can be performed in a number
of positions, including in the water or in cramped surroundings;
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requires no special equipment; is not fatiguing for the first-
aider; and allows the first-aider greater control of a procedure.

Proceed as follows:

quickly check mouth and throat for obstructions.
Remove vomitus, mucus, etc. with a cloth or index
finger. Tilting the head and body to the side is
helpful.

Turn victim on his back.

Lift victim's neck with one hand and tilt his head
by holding the top of his head with your other
hand. If necessary, pull the chin up so the tongue
doesn't fall back to block the airway.

Close the nose by pinching with fingers.

Take a deep breath and place your mouth over the
victim's mouth, making an air-tight seal.

Blow rapidly until the chest rises--forcefully into
adults and gently into children.

Remove your mouth and let the victim exhale while
you take another breath.

Repeat inflation of the lungs 12-20 times per minute
until the victim is pronounced dead or regains
breathing. Do not g7'ue ~p!

3,9.4 PREVENTION OF SHOCK

Shock is a serious complication in almost any injury, severe ill-
ness, or emotional upset. Signs of shock include: �! cold, moist
skin; �! paleness; �! chilling; �! nausea or vomiting; �! shal-
low breathing; and �! weak, rapid pulse. Prevent or treat as fol-
lows;
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Keep victim lying down with head slightly lower
than the rest of the body  except if head injury
is suspected or this position causes breathing
difficulties!.

Keep victim warm by covering.

',;:.: If conscious, able to swallow, not vomiting, and
has no apparent abdominal injury, give liquids
 water, tea, coffee, etc.; never alcoholic bev-
erage!. Give shock solution � qt water, 1 tsp
salt, 1/2 tsp baking soda! if available.

Keep victim calm and reassured.

3,9,5 I~INoR NouMD

Small cuts and abrasions are common for divers. Infection is the
principal danger in small wounds, so any break in the skin must
be protected. Do not touch a wound with your fingers or allow
cloths to touch it. Keep it clean. Do not use an antiseptic
on the wound. Immediately cleanse the wound and surrounding area
with soap and warm water, wiping away from the wound. Hold a
sterile pad firmly over the wound until bleeding stops. Apply a
clean dressing and secure with a bandage. Bandaids may be used
for small wounds.

3.9,6 BuRNs

Burns result from heat or chemicals. Any burn, including sunburn,
may be complicated by shock and the victim must be given first aid
for shock. Place the cleanest available material over all burned
body areas to exclude air. Consumption of nonalcoholic liquids
by the victim is beneficial if possible. Transport victim im-
mediately to hospital for severe burns. All burns, except where
ski n is reddened in only a smalI area, should be seen by a physi-
cian. Do not apply ointments, grease, baking soda, or other sub-
stances to extensive burns.

3.9,7 HEAD I>IJm

It is difficult to discover internal injury to the head. Suspect
a brain injury if the person loses consciousness; has blood or
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fluid escaping from the ears or nose; has a slow pulse, head
ache, convulsions, different size eye pupils; or is vomiting.
It is necessary to keep the victim lying down and under close
observation. Do not place the head lower than the feet. If
the victim is unconscious, remove false teeth or objects that
might cause choking. Do not move if there is bleeding from the
nose, mouth, or ears. Control bleeding from a head wound by
applying a pressure dressing. Use common sense in r egard to
using pressure over a possible skull fracture.

3,9,8 CONVULSIONS

Do not attempt to restrain or douse victim with water. Remove
objects that might injure victim, or in close quarters, surround
with padding  pil lows, air mats, blankets, etc.!. Don't place
a finger or hard object between the teeth.

3,9,9 INJURY To SPINE OR I'~ECK

If possible, do not move victim or allow victim to move without
proper stretcher and professional assistance. If the victim
must be removed from the water and a neck or head injury is sus-
pected, support victim, taking care not to move the head, neck,
or back. Place a stiff, wide board under victim and secure with
straps. Keep head level and under slight tension. Do not let
it drop forward. Veep victim warm and quiet until professional
assistance is available.

3,9.K FRACTURES

Do not move a person wi th suspected fracture until it has been
splinted unless the victim is in imminent danger. Place the
limb in as natural a position as possible without causing dis-
comfort. Apply splints which are long enough to extend beyond
the joints above and below the fractured area. Any firm material
can be used. Inflatable splints are excellent. Secure splint
at a minimum of three sites: �! above the joint above the frac-
ture, �! below the joint below the fracture, and �! at the
level of the fracture. If the fracture is open, apply a pres-
sure dressing to control bleeding and prevent contamination, and
splint;~i ~hozct- trying to s traighten the limb or return it to
natural position.
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3.9,1l HEAT EXHAUSTION

A person suffering from heat exhaustion has pale and clammy
skin, rapid and weak pulse, weakness, headache, nausea, and
possibly, cramps in the abdomen or 'limbs. The victim should
be kept lying down with his head level or lower than the rest
of his body. Move him to a cool place; however, protect him
from chilling. Give the victim salt wate. � tsp salt to 1 qt
water! if he is conscious.

3.9,j2 HEAT STROKE

A heat-stroke victim will have flushed, dry, and hot skin,
rapid and strong pulse, and is often unconscious. Cool the
body by sponging with cold water or by cold applications and
if the victim is conscious, give him salt water � tsp salt
to 1 qt water!.

5,9,l3 FROSTBITE

As frostbite develops, the skin changes from a pink color to
white or greyish-yellow. Initial pain quickly subsides and
the victim will fee1 cold and numb. Generally, he is not
aware of frostbi te. Cover the frostbi tten area with a warm
hand or woolen material . If the fingers or hands are frost-
bitten, have the victim hold his hand next to his body, in his
armpi ts, Get the victim to a heated area as soon as possible
and place the frostbitten part in warm water �08o F!. If
this is impractical, gently wrap the area in blankets. Do noD
rub with snow or ice; let circulation return naturally. When
the part is warmed, encourage the vict-'m to exercise fingers
and toes. Oo not ~re hot ~@+em, ho -=ate~ bottles� or heat
~@ups . ~ hc �v;.st".' chen ~err.

3,'3,10 SNAKEBITE

Poisonous snakebites must be dealt with immediately. Except,
for the coral snake, in the United States poisonous snakebites
can be recognized by the presence of two distinct punctures
caused by fangs. Swelling occurs rapidly and the skin becomes
dark purple in color. Lay victim down immediately and apply a
constricting band around the arm or leg above the bi te if the
bite is on a limb. Tighten the band just enough to make veins
stand out prominently under the skin without causing the pulse
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to disappear below the band or causing a throbbing sensation,
Keep the victim absolutely quiet and transport immediately to
a physician. Apply ice over the bite if possible. If there
is to be considerable delay between occurrence of bite and
treatment, make a crosscut  approximately 1/4 in. long and ]/4
in deep! over each fang mark to encourage free bleeding. Apply
suction by mouth or suction device; continue for at least I hr.
After the first hour, the band may be loosened for approximately
1 min every 30 min. The victim may administer fi rst aid to him-
sel f.

3,lO HIVING ACC/DENTS: HECOGNITION AND FIRST AID

Probably the most serious mistake in dealing with diving accidents
is the failure to recognize air embolism or decompression sickness.
In many incidences these may be indistinguishable from each other;
however, they both require the same first-aid measures and recom-
pression. In the more serious situation, although permanent dam-
age of some degree can be expected in all untreated cases, death
is generally the consequence of fai lure to recompress. Regard-
less, air embolism or decompression sickness must at least be
considered in diagnosis of almost any abnorma 1 sign or complaint
presented by a person who has been underwater ~ith breathing ap-
par atus.

Unconsciousness, during or following a dive, presents a particular
problem of diagnosis and management; however, one practical rule
can be given: an unconscious diver must be considered a victim
of air embolism or decompression sickness unti 1 proven otherwise by
medical personnel. These conditions can coexist with seemingly
more obvious causes of unconciousness such as apparent or "tech-
nical" drowning  Bond, 1965! and injury to the head. Spontaneous
recovery doesn't rule them out if neurologic defects remain.

Respiratory arrest from any apparent cause must also be managed
the same as unconsciousness if the victim has been using under-
water breathing apparatus. However, obviously the standing rule
for first aid if the diver is not breathing must be to administer
artif'icial respiration immaChataKy and continue while the victim
is being transported to a recompression chamber, has regained
natural breathing, or has been pronounced dead by medical per-
sonnel. All divers and personnel connected with diving opera-
tions must know how to apply mouth-to-mouth artificial respiration.
Using a lifejacket or float, artificial respiration can be admin-
istered while the diver is still in the water and being returned



to the base of operation. A mechanical resuscitator has ad-
vantages. However, do not wait for the resuscitator, start
manual artificial respiration immediately while the resuscitator
is being brought to the scene and readied.

Neurologic disorders short of unconsciousness must likewise be con-
sideredd as resulting from air embolism or decompression sickness
in almost every case. Nearly the entire spectrum of central or
peripheral nervous symptom involvement manifestations can be
produced nr simulated by these conditions. Air embolism nearly
always manifests itself during ascent or within a few minutes
after surfacina, and the symptoms are usually major. Oecom-
pression sickness, however, may become evident many hours after
the dive and may involve anything from minor local defects to
unconsciousness and convulsions.

BZoodp �~rosh, coughed up or seen at the nose or mouth, signifies
lung injury . Hhen a d~ver using underwater breathing apparatus
exhibits this symptom, particularly if associated with neurologic
disorders, he is probably a victim of air embolism. In breathhold
diving, bloody froth generally indicates thoracic squeeze,

Unconsciousness, respiratory arrest, neurologic disorders, and
certain associ ated manifestati ons are i ndi cati ve of air embolism.
Symptoms are dramatic and sudden in onset, and brain damage or
death can result in a matter of minutes; recompression is the
only proper treatment. However, in applying first aid, Kruse
 Bohririch, 1965! observed dramatic relief from symptoms of air
eribolism when he placed a victim in a 15-degree, head-down posi-
tion. Atkinson �963! conducted a series of experiments with
laboratory animals in which he injected emboli and tilted the
animals in a 15-degree, head down position. This technique was
successful in increasing i ntravenous pressure, dilation of the
venous system and capillary bed of the brain, dislodgement and
dispersion of emboli, and restoration of circulation. The ti Ze-
<al Ze tee'n~ique is not corsiaerea as a s~~s0itu5e for recompres-
sior., but as a slight r odification of the standard position
used in first aid for a victim of shock. The resultant intra-
cranial vascular pressure increase may be paramount in the pre-
ventionn of permanent bra~n damaqe . Atkinson �963! states, " In
view of the serious consequences of the neurologic manifestations
of air embolisr,, the supi ne Trendelenberg posi ti on �5 degrees,
head down! might be considered as a first-aid measure until re-
compress~on can be accomplished." The victim is kept in this
position while enroute to a recompression facility, and resus-
citation may be accomplished in this position if necessary.
Based on laboratory experimentation, the 15-degree tiIt appears
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preferable. Nediastinal and subcutaneous emphysema and pneumothorax
are often associated with air embolism. If symptoms of these con-
ditionss are indicated, consider the diver as a vi ctim of air embolism
and take appropriate first-aid measures.

Damaoe to the ears and sinuses can result in local pain, hemorrhage,
and subsequent infection. Host submarine medical officers con-
clude that a strict "hands-off" policy results in fewer complica-
tions and more rapid heating, Seek medical attention if drainage,
tenderness, and infection persist.

The primary first-aid procedure for respi ratory problems  anoxia,
CDp excess, CO poisoning, near drowning, and oil-vapor inhalation!
is breathing fresh air, If breathing has ceased, start artificial
respiration immediately. All vi ctims must recei ve first aid for
shock, and medical attention even if the victim is revived wi th-
out medical assistance. Carbon monoxide victims must be treated
with oxygen, preferably under increased pressure  recompression!.
Oil-air vapor inhalation Victims may be retained for medical obser-
vation.

The proper action for almost all diving casualties can be summarized
in four simple statements  US Navy, 1970 a!:

If the diver isn't breathing, start artificial res-
piration immediately.

":2:,.-'.: Acquire medical attention at once  unless the injury is
a mild or simple condition!.

,,3,": If the diver is injured, give appropriate first aid
 combat shock; Trendelenberg position!.

If there is any possibility of air embolism or decom-
pression sickness, arrange for immediate transportation
to a recompression facility.

3. 11 PZCOmRESS ION AND THE PiECOHPRESS ION GOOBER

It is absolutely essential that a victim of decompression sickness
or an air embolism be treated by recompression as soon as possible
following the appearance of symptoms. In cases of decompression
sickness prompt and adequate treatment will generally preclude the
development, of residual damage. It is well established that the
incidence of slow or imcomplete response to treatment and the mag-
nitude of residual damage are directly proportional to the length
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of time between the first appearance of decompression sickness
symptoms and the beginning of recompression procedures  Dewey,
1962!. In cases of air embolism, the brain is frequently in-
volved; when it is, the symptoms are usually extremely serious
and unless the victim is recompressed immediately, death or
permanent residual damaqe may follow a delay of 1-2 min  US Navy,
1970 a!. Transportation to the nearest facility equipped with a
recompressi on chamber must be by the most rapid means available.
When the distances are great, an ambulance is generally not the
most rapid transportation available. Under such circumstances,
efforts should be made to obtain a helicopter or other airborne
conveyance. Flight at a low altitude will not appreciably aggra-
vate the victim's condition and is of minor consequence when the
alternative is delay  Dewey, 1962!.

All the technical and theoretical detaiIs of treatment, by recom-
press~on will not be rei terated here. Complete and authoritative
discussions are available in reports by the US Navy �970 a! and
I anphier �966!. Lanphier points out that the purpose of recom-
pression is to provide prompt and lasting relief from symptoms
of decompression sickness and air embolism. Recompr ession pro-
cedures are designed to reduce the bubbles to a size at which
they become asymptomatic and to ensure that no bubble becomes
symptomatic upon subsequent decompression. Procedures must be
such that no new bubbles form in the process. Proper treatment
must be conducted under the auspices of specially trained per-
sonnel. Improper or inadequate attempts by untrained personnel
to recompress a vi ctim may result in even more severe damage
than the initial manifestations.

There are a number of' important considerations in the application
of recompression treatment to decompression sickness. It is im-
portant to treat even doubtful cases, since failure to treat can
result in serious complications. As previously stated, the re-
compressi on must be prompt, since delay further complicates
treatment and recovery. Recurrence of symptoms is not uncommon,
even during or immediateIy following properly prescribed treat-
ment  Rivera, I964; Goodman, 1967!. Consequently, the treated
victim should remain near a treatment faci'li ty for at least 24 hr
following treatment.

Appendix C contains the various treatment schedules currently used
by the US Navy �970 a!. Clearly, more serious manifestations re-
quire compression to a greater depth and an extension of the time
required for treatment. Oxygen is used at shallower depths to
reduce the alveolar pN2 to the lowest possible level, thus creat-
ing a "steeper" gradient across the alveolar membrane to enhance
the diffusion of gas.
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The reason victims of decompression sickness or air embolism are
not compressed to depths greater than 165 ft to even further re-
duce the size of offending bubbles becomes clear if one considers
the fact that the diameter, not the volume, of the bubble is the
critical dimension governing symptom development. Whereas the
volume is inversely proportional to the absolute pressure, the
diameter is inversely proportional to the cube root of twice the
pressure. Consequently, recompression to 165 ft reduces the
bubble volume to one-sixth of its surface value; however, it
only decreases the diameter of the same bubble by a factor of
l/3.35. Recompression to a pressure equivalent to 858 ft only
reduces the diameter by a factor of as much as 1/5, Clearly, re-
compression to depths greater than 165 ft offers little more than
additional complications.

There is an increasing awareness of the incremental frequency with
which difficulties are encountered in recompression treatment of
severely injured divers and the grossly inadequate decompression
now characterizing civilian diver casualties. Earlier US Navy
recompression procedures were, in general, reliable f' or treatment
of "pain only bends" subsequent to exposures conducted in accor-
dance with the US Navy �970 a!; however, they were adequate in
the treatment of severe decompression sickness following grossly
inadequate decompression from compressed-air dives. Goodman and
Workman �965! and Goodman �967! reviewed this situation and
developed and evaluated alternative therapeutic approaches to the
treatment of decompression sickness. The studies resulted in the
development of the "Minimal-Pressure, Oxygen Recompression Treat-
ment for Decompression Sickness" tables  Appendix C!. Goodman
and Workman believe that the current US Navy treatment tables
should be retained with oxygen recompression procedures alterna-
tively available. Goodman �967! indicates that the new minimal-
pressure oxygen approach has consistently afforded prompt, com-
p'lete, and lasting relief in severe decompression sickness. The
minimal-pressure oxygen approach is also indicated for air embo-
lism victims; however, initial treatment depth is 165 ft compared
to 60 ft for decompression sickness  US Navy, 1970 a!.

The length of time has been significantly reduced. Prior to the
development of the new US Navy procedures, treatment of air em-
bolism required l8-38 hr in a recompression chamber, providing
there were no complications or recurrence of symptoms. Recently,
Waite et al. �967! conducted experiments with animals to deter-
mine if alternate procedures might be feasible. They found that
maximum effects of recompression were observed between 2 and 4
atm absolute. However, at present there is insufficient evidence
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to say that the maximum pressure of 165 ft � atm absolute!
should be considered as unnecessary.

Ãaite et al. �967! also found indications that prolonged recom-
pression, as in Tables III and IV of the US Navy standard treat-
ment tables  Appendix C!, is not necessary to effectively treat
cerebral air embolism. All successful treatment runs in this
series of experiments consisted of bounce dives to 165 ft for
less than 10 min and return to the surface at 60 ft/min with a
2-min stop at 10 ft �70-ft table!. This procedure is not yet
prescribed for treatment of air embolism in humans and is not to
be used as an alternate to standard VS Navy �970 a! procedures.

Emergency procedures for handling diving accidents that require
recompression in the Michigan area are given in Appendix D. A
detailed list of recompression chambers has been published by the
US I'Iavy �971! and Kindwall et al. �971!.

Recompression in the water without a chamber is not recommended
because it is extremely hazardous and difficult. Divers have been
recompressed using a deep-sea diving rig as a substitute for a
chamber; however, the US Navy �970 a! considers this means only
in a "grave emergency." The deep-sea rig does offer some pro-
tection and a nearly inexhaustible air supply. Any attempt to
recompress a diver underwater using SCUBA is invariably dangerous
and, almost without exception, futile. Inadequate treatment of
air embolism and decompression si ckness is frequently worse than
none  Lanphier, 1957!, Possibly, future medical research and the
development of sophisticated SCUBA will open new avenues of prac-
tical field treatment of less complicated cases, Mowever, at
present, all suspected victims of air embolism or decompress~on
sickness must be transported to an approved recompressi on facility
without delay.

The 1ayman is cautioned against attempting to administer recom-
pression. Such action without supervision by a licensed physician
can involve risk not only of harm to the victim but may involve
lega1 complications, both civil and crimina1.

A zecompreseion chamber  Figure 3-4 ! is a chamber in which a diver
may be put back under pressure for treatment of decompression
sickness or air embolism or for surface decompression procedures.
The chamber is generally cons ructed of metal and has a working
pressure of at 'least 75 1b/in . Maximum working pressure capability
and size wi'Il depend on mission requirements. A double-lock
chamber with two separate compartments capable of being pressurized
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5'ig~e 3-4. decompression Chamber s:  a! Double-Lock, 64-in,
Diameter R'ecompression Chamber Commonly Used for
Offshore Oil Diving Operations  Photo by Somers!;
 b! Single-Lock, 30-in. Diameter, Portable Pecom-
pression Chamber  Photo Courtesy of SCt!BAPBO!,
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independently and enough space to accommodate two divers and an
attendent in the main compartment is recommended. Double-lock
chambers generally have an inside diameter of 48 in. or more.
The chamber should be equipped with oxygen breathing equipment
which is designed to prevent excessive accumulation of oxygen
in the chamber. The air and oxygen supply system will depend
on the installation, size, and type of chamber.

Small, portable chambers are not commonly used by the US Navy
and the commercial diving industry. However, they may have
value when no other chamber is available and diving activity
is conducted at a great distance from a larger chamber. The
US Navy �970 a! indicates that even if the chamber is so small
that it only accommodates a single victim, it is far better than
no chamber at all. The value of the portable chamber is in-
creased if i t is designed to facilitate transfer under pressure
to the nearest larger chamber.

For further information on design specification and operation of
recompression chambers, consult US Navy �970 a!. Information
on general requirements for materials certification in hyperbaric
facilities is given by the US Navy �970 b!.
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I.O Diving Prccecturel
Diving procedures is a subject that is frequently ignored in sport
diving manuals, which are used for many research diving training
programs. Since research diving operations must be conducted at
the highest possible level of efficiency and safety, it is neces-
sary that all personnel have a knowledge of standard operational
procedures. The basic procedures given in this chapter are mod-
ified from US Navy �970! for compatibility with research diving
operations,* Also included in this chapter are decompression pro-
cedures and cold-water diving techniques and equipment.

4 1 PERSONNEL

4.1,1 I'IVING SUPERVISOR

The diving supervisor should hold a diver's certificate that is
valid for the depth at which diving operations are being conduct-
ed and should be qualified in the use of all equipment used in the
diving operation for which he is supervisor.

The divi ng supervisor is in complete charge of a particular diving
operation at the scene. His primary function is to plan, organize,
and manage the di ving operation. He is responsible for maintaining
safety standards and must not tolerate violations of accepted diving
procedures and standards. On major operations, the diving super-
visor will generally not enter the water. His usual post is on
the surface, where he is in full command of surface personnel and
in a position to direct tenders and stand-by divers in an emergency
si tuation. In order to utilize diving capabilities to maximum
efficiency, an individual with proper qualifications may temporarily
assume divi ng supervisor responsibilities while the actual person
is worki ng as a di ver. However, it is absolutely necessary that
a diving supervisor be in charge at the surface during all major
diving operations . He should not be burdened wi th added responsi-
bilities such as tending, timekeeping, communications, etc. On
simple and limited diving operations, particularly when using
SCUBA, the diving supervisor may also assume responsibilities as
a diver and team leader.

Somers �971! gives the diving operation regulations and pro-
cedures used at The University of Michigan.



4.1,2 HIVING TEAN'

A SCUBA diving team must consist of no less than two divers.
Diving alone should not be permitted, and all team members must
hold a valid diving certificate. A leader will be designated
for each diving team prior to entering the water, and it will be
the responsibility of the other divers to stay i n visual or
physical contact with the leader. If a diver becomes separated,
he should promptly surface or return to a previously designated
location.

A diving supervisor will be designated for each diving operation.
His qualifications and responsibilities are i n accordance with
those previously described.

The tender must be qualified to independently tend divers and
operate all surface-support equipment. He may be trained in theory
and operational aspects by the divers and diving supervisors.
Ideally, tenders should be previously trained by instructors and
assi gned to diving operations by the diving supervi sors . A ten-
der-assistant may assume tender responsibilities when under the
direct supervision of fully qualified diving and tending person-
nel. He may receive instruction in proper tending procedures dur-
ing field operations. A tender should be assigned to be a com-
munications man, timekeeper, record keeper, and diver's assistant.

It is recommended that one qualified person sha'll be designated as
a "stand-by" diver and should be ready to enter the water promptly
in the event of an emergency. The stand-by diver may accept ten-
der responsibilities in routine operations; however, in more
comp'Iicated diving operations the stand-by diver must be free from
all other duties.

A surface-supplied diving team  deep-sea, lightweight helmet,
shal'low-water mask, hookah, etc.! should consist of a certified
diver and tender. When a surface-supplied diver is required to
work under obstacles or when there is a possibility of entangle-
ment, a stand-by diver should be ready to enter the water prompt-
ly in the event of an emergency. For all dives in excess of 60
ft, i t is highly recommended that a stand-by diver and a tender
be prepared to commence operations within 1 min.

4,2 PRELIYINARY HIVE PLANNING

Preliminary planning is vital for the success of any diving opera-
tion. Without adequate preparation the entire diving operation
may fail and, even more seriously, the safety and well-being of
the divers may be jeopardized. The diver must be placed on the



job under optimum conditions, including sufficient knowledge,
training, experience, equipment, and safety. Surface support
must be capable and well organized. Although the diving super-
visor is responsible for preliminary p]arming and organization,
the diving team and ship's crew must render all possible assis-
tance.

The preliminary planning phase of a diving operation is divided
into the following steps:

~ survey of mission or task,
~ evaluation of environmental conditions,
~ selection of diving techniques,
~ selection of divers and assignment of job,
~ selection of equipment,
~ fulfillment of safety precautions,
~ establishment of procedures and briefing of personnel.

4 2,I SURVEY OF fllSSION OR TASK

The first step in planning a diving operation is to assess the
mission or task and to formulate a general approach. It should
be determined if the job is feasible and if the proper equipment
and personnel are available to undertake the job. All factors
that might constitute a specific hazard should be noted.

4.2.2 EVALUATION OF ENVIRONMENTAL CONDITIONS

Diver safety, especially for self-contained divers, is influenced
considerably by environmental conditions. Careful consideration
must be given to both surface and underwater conditions and appro-
priate arrangements made for diving under these conditions. Sur-
face conditions to be considered include sea state, weather  pres-
ent and predicted!, tides, currents, ship traffic, etc. Underwater
conditions include depth, bottom type or condition, visibility,
and temperature.

h'cather ~onaAions will generally be the first factor to consider
in planning a dive. When possible, diving operations should be
cancelled or delayed during bad weather. Generally, rough seas
can be expected during storms and high winds. Weather forecasts
must be reviewed to determine if proper weather conditions will
last for a sufficient amount of time to complete the mission.
Critical weather changes and a wind shift can jeopardize safety
of personnel and vessels. Conditions must be such that adequate
mooring may be mainta~ned for the duration of the operation.
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Do not attempt self-contained or surface-supplied diving in rough
seas  Sea State 4: 5- to 8-ft waves!, and when possible, avoid
or limit diving in moderate seas  Sea State 3: 3- to 5-ft waves!.
Naturally, sea-state limitations will be dependent to a large de-
gree on the type and size of diving vessel. Diving operations may
be conducted in rougher seas from properly moored, larger vessels
or fixed structures. Land-based, self-contained divers should
avoid entering the ocean in heavy surf.*

~urrent and kidaZ conditions must be considered before commencing
with diving operations. Current direction and magnitude are im-
portant considerations when mooring a diving vessel. When currents
exceed 1 knot, self-contained diving operations should be avoided
unless adequate provisions are made for a diver pick-up boat to
operate down current. Also, divers should carry smoke flares.
Heavily weighted, surface-supplied divers are frequently required
for work in currents. Tidal currents may prohibit diving at some
locations except during periods of tidal current direction change.
Consult tide tables when necessary and determine magnitude of tidal
currents prior to diving.

Self-contained diving operations should not be conducted during
peri ods of low visibility  fog, snow, rain, etc .! . Self-contained
divers are particularly vulnerable during periods of low visibility
since they may lose orientation and be unable to relocate the div-
ing vessel or shore base. Also, the diving vessel may be in dan-
ger when anchored during periods of limited visibility. Surface-
supplied diving is permissible under limited surface visibility
conditions, providing the diving vessel can safely anchor.

Ship traffic may constitute a hazard to divers, particularly self-
contained divers. It is necessary to display proper visual signals
in a prominent location on the diving vessel during operations in
order to notify approaching vessels that divers are in the water.
The following signals are appropriate:

American Diver's Flag: This is a red flag 4 units wide
by 5 units long with a one-unit wide white diagonal from
the upper-left to lower-right corners. Sizes are not
standardized and will vary with the size of the vessel.

Entry through surf will be discussed in another chapter.
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International Code of Signals: The two-letter signal
"HD" has the meaning, "I am engaged in submarine survey
work; you should keep clear."

NATO Navies, Flag Numeral 4: This flag  a red flag
with a white St. Andrew's Cross! flown alone means,
"Divers or friendly underwater demolition personnel
down."

Underwater Task Shapes: A "red ball � white diamond
red ball" shape display spaced 6 ft apart may denote
diving operat.ions.

United Nations Maritime Group International Divers Flag:
The single-letter signal "A" or alfa flag  blue and white!
is recommended for international waters and is currently
used by the US Navy and the major nations of the world.

Self-contained divers must tow a float on which a diver's flag is
displayed or be accompanied by a chase boat with a diver's flag if
they operate out of the immediate vicinity of the support ship. The
flag must be 3 ft above the water.

Diving personnel must be protected from excessive ezpos~e to adverse
seafare +cather conditions. When working in tropical areas, the
staging area should be shaded to prevent overexposure to sun. Dur-
ing cold weather in northern waters, divers and surface personnel
must be protected from cold air temperatures and wind. Divers should
not be expected to dress in an open, unprotected vessel. When work-
ing from small craft, divers should dress prior to leaving the shore
base. If under-ice d~ves are required, dress in heated, shore facil-
ities or heaeea, portable structures on the ice. Do not submit divers
to excessive exposure prior to the dive. Heated quarters and warm
showers should be available immediately after surfacing.

The selection of di vi ng dress and equi pment will depend on the mi s-
sion, weather conditions, and type of vessel. For example, even
though water temperatures may permit the use of wet-type suits, cold
air temperature and wind would dictate a variable-volume dry suit
 or equivalent! when diving from an open or unheated vessel. In
addition, double-hose regulators should be used wi th open-circuit
SCUBA for diving in extremely cold weather and water.

The type of bottom affects the diver's ability to work and is a tac-
tor in determining visibility. Consequently, this must be consi-
dered in the preliminary dive plan and certain precautionary mea-
sures may be necessary to ensure the diver's safety and efficiency.
~d  silt and clay! bottoms are generally the most restrictive for
divers. The slightest movement will stir sediment into suspension
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and restrict the diver's visibility. The diver must orient him-
selff so that the current, if any, wi11 carry the suspended sedi-
ment away from the work area, and he must use a distance line.
Since the self-contained diver is more hampered by the limited
visibility, surface-supplied diving techniques should be con-
sidered for work. For general survey work, self-contained div-
ing techiques have certain advantages. The diver can weight
himself to be neutral at survey depth and move about without
touching the bottom.

Sand bottoms present little prob1em for divers. II'isibi'lity re-
strictions from suspended sediment are less and footing is firm.
In marine areas the d~ver must be alert for sting rays buried in
the sand.

Cora2 reefe are solid with many sharp protrusions. The diver
should wear g1oves and coveralls or a wet suit for protection
if the mission requires considerable contact with the coral.
Survey divers and photographers have to be cautious to avoid
injury. Learn to identify and avoid corals and any marine or-
ganisms that might inflict injury.

Vale~ depth is a basic consideration in the selection of personnel,
equipment, and techniques. When possible, determine the depth
accurately prior to diving and plan the dive duration, air require-
ments, and decompression schedule accordingly.

water temperature is a major factor to be considered in dive plan-
ning since it will determine the type of equi pment  diving suits!
and, in some cases, the practical dive duration. Cold-water diving
procedures and equipment are discussed later.

Underwater visibility depends on locality, water conditions, season,
bottom type, weather, and currents. Dark or murky water is a dis-
advantage in all underwater operations. Self-contained diving
should be avoided under zero to limited visibility conditions when
possible and a surface-supp'lied diver used. If self-contained
divers must work in limited visibility water, a "buddy" line is
recommended.

Self-contained divers are at a considerable disadvantage, especially
if decompression is required. In addition to a descent  shot! line,
a distance line carried on a reel is requi red. This enables the
divers to return to the shot line for controlled ascent. Short dis-
tance lines are aIso desirable for surface-supp1ied divers in lim-
itedd visibility. An alternate method of controlling ascent and
decompression is by the use of an inflatable float with a line



marked at 10-ft intervals below the float and which is twice as
long as the diving depth. At the end of the dive, the diver re-
leases the float and secures the line to an object on the bottom
with a releasable knot. He may then ascend to the appropriate
decompression level, unreeling the remaining line below him.
When he surfaces, the diver simply tugs on the free end of' the
line to release the knot and to retrieve the line.

Self-contained divers must establish a procedure for reunion of
separated divers. Generally, the best procedure is to surface or
return to a predetermined bottom location if separated. Striking
the SCUBA cylinder with a rock or knife has only limited value in
reuniting separated divers,

4,2,3 SELECTION OF DIVING TECHNIQUES

The proper diving technique, SCUBA or surface-supplied, is based
on the mission requirements, environmental conditions, and avail-
able personnel. It is the responsibility of the diving supervisor
and divers to review the si tuation and determine which technique to
use. The advantages and limitations of various techniques are dis-
cussed in respecti ve chapters.

4,2,4 SELECTION OF L1IVERS AND PBSIGNMENT OF JOBS

The diver must be qualified and designated in accordance with the
depth and equipment rating required for the mission  consult Somers
L1971j for diver rating!. The diving supervisor is responsible
for determining the qualifications of a diver before assigning
him to a mission, In addition to the diver, the diving supervisor
must desianate qualified tenders, ti mers, and stand-by di vers .

4,2,5 SELECTION OF EQUIPMENT

The diving supervisor and divers will determine whether to use
SCUBA or surface-supplied diving equipment for a particular mission
based on a review of the mission requirements, personne'l available,
and environmental conditions. The diver must be outfitted wi th
the proper equipment to complete the mi ssi on or task assigned. min-
imum equipment requirements for self-contained and surface-supplied
divers are in respective sections of this manual. When selectinq
equipment, the diver shou'ld not overburden himself with accessories.
Use only the equipment requi red for safety and completion of the



mission or task. When the diver is encumbered with excess equip-
ment, the possibility of entanglement and fatigue increases.

4.2.6 FuLFI~ENT OF SAFE PRECAUTIONS

All personnel associated with the diving operation are responsible
for maintain~ng proper safety standards. Ultimately, the diving
supervisor  or team leader! must assume responsibility for the
safety of the divers. He must evaluate each and every aspect of
the operation. Safety is considered in all aspects of preliminary
planning. Divers must not be committed to a mission or task
which is unreasonably hazardous or for which they are not suf-
ficiently trained or equipped. In evaluating environmental con-
ditions and the dive site, the diving supervisor must train him-
self to anticipate potential hazards and take appropriate measures
to protect the divers from these conditions. Naturally, al'I haz-
ards cannot be eliminated from any diving operation; however,
they can be minimized. If a particular hazard is foreseeable, it
can usually be eliminated. The diving supervisor may wish to
prepare a list of potential hazards, including precautionary
measures to use when setting up the operation and briefing the
personnel.

4i2i7 ESTABLISH PROCEDURES AND HRIEF PERSONNEL

The diving supervisor or team leader, after careful evaluation of
the above factors, will establish the operational procedure and
brief all personner. The procedure and briefing should include

~ objectives and scope of the operation;
~ conditions in the diving area;
~ dive plans and schedules;
~ assignment of personnel: buddy teams, divers,
~ tenders, and specific tasks for each;
~ safety precautions; and
~ special considerations.

4.2.8 DIVINO VESSEL

Research divers will be required to dive from vessels  or boats!
of various sizes and descriptions, ranging from small, inflatable,
rubber boats such as the Zodiac to large research vessels 300-
400 ft in length. The type and magnitude of diving, operation,
and environmental conditions will determine the type of vessel.
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For example, nearshore, self-contained diving in relatively calm
water may be accomplished without much difficulty from a good
quality, rubber, inflatable boat or small, wood, metal, or fiber-
glass boat equipped with a dependable outboard engine. Nore ex-
tensive offshore, self-contained diving operations or surface-
supplied diving must be undertaken from a large vessel wi th ad-
equate deck space and seaworthiness. The following factors must
be considered relative to the mission requirements:

Adequate size to comfortably accommodate divers,
surface personnel, and equipment.

Sufficient stability and seaworthiness to function
as a platform for diving operations.

Vessel well maintained, in satisfactory operating
condition, and equipped with proper safety equipment
as required by state and/or federal laws.

Large, open, work area.

:::5:;.': Adequate protection. from sun or cold

',5",: Mooring capability �- or 4 � point moorings may be
required!.

::7::;:.: Sufficient storage space to accommodate diving
equipment when not in use.

8:-.'. An adequate ladder to facilitate entering and
leaving the water.

The diving ladder is a very important part of the boat's equipment.
Most boats, unless specifically desi gned and equipped for diving,
will not have a ladder that is safe for use by divers . Serious
injuries have resulted from the use of inadequate ladders, The
ladder should include the following features:

~ metal construction,

~ extension 4-5 ft below the water line,

~ rungs wide enough to al.low comfortable use with
bare feet and stability with heavy diver's shoes,

~ hand rail extending the full length of the ladder to
give th.e diver a "hand hold" until, he is completely
on deck,



~ inclination of about 10-15 degrees relative to
the side of the vessel,

~ secure enough to avoid movement when the diver
is on it.

I .3 DECOMPRESSION PROCEDURES

The necessity for decompression depends upon the depth and dura-
tion of the dive. Dives should be planned to avoid decompression
when possible, especially by self-contained divers. blhen decom-
pression is u navoidable, the diving supervisor or team leader
must provide adequate arrangements for handling it. The standard
method of decompression is to bring the diver to the surface with
stops at various depths for times as specified by US Navy �970!
standard air decompression tables  Appendix C!. In add~tion,
decompression meters are currently widely used for SCUBA diving
decompression.

Decompression for self-contained divers is somewhat more complicat-
ed than for surface-supplied divers. The dive must be thoroughly
planned in advance. Depth, dive duration, and air supply must be
properly calculated to insure that the diver is not forced to the
surface without adequate decompression. The diver must be equipped
with a watch and depth indicator and carry a small slate on which
is recorded the decompress~on schedule.

There are four techniques for decompression in self-contained diving:

Plan the dive so that decompression may be completed
on the original SCUBA.

Switch to a surface-supplied mask or demand regulator
at the first decompression stop.

Attach a second SCUBA to a line at the first decom-

pression stop.

'O':.: Provide a surface decompression chamber.

Host depth indicators are inadequate for determining precise decom-
pression stop depths. A line or chain marked at 10-ft intervals
and weighted heavily enough to keep it vertical in a current is
adequate. The diver should hold the line just below the proper
marker in any comfortable position where the lower part of his
body is not above the marker,



Decompression is generally simpler and safer for surface-supplied
divers. Sufficient air supply for completing decompression is
available from the compressor or large air-cylinder units. Since
the dive duration is timed accurately by surface personnel and
depth is determined by sounding or pneumofathometer, the diving
supervisor or tender may accurately determine the decompression
schedule. The decompression stop depths are indicated by a marked
line, pneumofathometer, or markings on the diver's umbilical hose.
Decompression is controlled by the diving supervisor and/or tender.
A decompression stage may be used to facilitate decompression. If
a stage is not available, the d~ver may be held securely at a given
depth by tension on his umbilical hose or he may hold himself in
place on the descent line. For long decompressions without a stage,
a boatswain chair or sling may be rigged and secured to the descent
line with a prussik knot. Surface decompression procedures may be
used if a chamber is available.

4.3,1 AUT XeTIC DECOMPRESSION NETER
The decompression meter  Figure 4-1! is increasing in popularity
among both sport and research divers. In the research diving
field, these meters are used by many organizations, including
Scripps Institution of Oceanography  personal communication, James
Stewart!, the University of Washington  personal communication,
Charles Birkeland!, and The University of Michigan.

The decompression meter is designed to simulate the physiological
processes of nitrogen absorption and elimination by the human
body. The meter automatically computes the diver's decompression.
In spite of its remarkable function, the meter is uniquely uncom-
plicated. It is composed of a rigid watertight housing which
contains a sealed Bourdon tube, a flow-restricting ceramic fi lter-
ing element, and a distensible, gas-filled bag, all housed in a
stainless steel case. The Bourdon tube is connected to an indica-
tor needle. The distensible, gas-filled bag is attached to the
Bourdon tube housing with the filter element located between the
two.

The meter starts operating automatically as soon as the diver sub-
merges, allowing water to enter the static pressure ports on the
back of the meter. As the diver descends, the pressure compresses
the gas in the distensible bag, establishing a pressure gradient
between the gas bag and the rigid chamber. The contained gas is
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forced through the element into the Bourdon tube chamber. This
filtering or f'1ow-restri cti ng element is a porous ceramic material
that has the relatively same diffusion ratio as the mid-leve1 tis-
sue in the human body. The quantity of gas passing through the
element is relative to the time/depth factor. The resulting
pressure upon the Bourdon tube activates the indicator.

Most SCUBA divers find that the decompression meter is most bene-
ficial for avoidina decompression. The diver simply terminates
his dive before the indicator enters the decompression zone and
surfaces directly at 60 ft/min. The "no-decompression" limits
designated by the meter are dependent on cumulative underwater
time in a 6-hr period. The zones are designated as follows:

Cumulative underwater time of 1-2 hr;
the "no-decompression" limit is the
edge of the first red rectangle indi-
cated by the arrow.

l hr-2 hr:

Cumulative underwater time of 30 min-
1 hr; the "no � decompression" limit is
the round dot.

30 min-1 hr:

Underwater time is less than 30 min;

the "no-decompression" limit is the
radial line adjacent to the numeral 10.

0-30 min:

During ascent, a reverse transference takes place with gas dif-
fusing through the element from the Bourdon tube chamber to the
distensible bag, This simulates the rate of nitrogen diffusing
from the human body. The diver ascends directly to the depth
indicated on the meter dial. At this depth he slows his ascent
to correspond with the counter-clockwise movement of the indicator
around the dia1.   In the red sector of the dial, insert dashes
represent 10 tt, ZO ft, etc, while the dots represent 15 ft, 25
ft, etc.!. Never ascend to a depth shallower than that indicated
on the meter. The meter must be used in conjunction with an
accurate depth gauge or a marked shot line. It is not necessary
to decompress by 10-ft increments. Actually, decompression is
more effective if the diver "follows" the indicator up, rather
than decompressing by stages, because he maintains a maximum
safe pressure dif'ferential which allows the greatest exchange
of gas from the body. However, at the 10-ft 1evel, it is ad-
visable to wait until the indicator says to surface because it
is often impractical to attempt decompression in less than 10
ft of water.



When the diver surfaces, the indicator will be in the memory zone
and it will take at least 6 hr for the meter to clear itself.
Obviously, another diver cannot use the ~eter for at 'least 6 hr.
However, the same diver may make repeti tive di ves within the 6-
hr period and the saturation  residual nitrogen! time shown on
the memory zone from the previous dives wi11 automatically be
added to the time of the next dive. This makes the meter a valu-
able unit for operations requiring a large number of repetiti ve
dives.

The indicator needle normal'ly remains in the small blue zone of
the dial. It may wander within this zone in accordance with
changes in barometric pressure. However, if the needle is not
in the blue zone prior to the initial dive or does not return
to this zone 6 hr after termination of diving, it is likely that
the meter has been damaged or is faulty, Do not use the meter
until it has been inspected, repaired, and recalibrated at an
authorized repair facility.

How good is the automatic decompression meter7 If used with good
judgment, the meter is a valuable accessory for SCUBA divers.
Perhaps the best use of the meter is to avoid the necessity of
making decompression stops, i.e., when the meter shows that the
diver is approaching the "no-decompression" 1imit, he can surface.
The meter is particularly helpful to SCUBA divers who make many
repetitive dives to diff'erent depths for variable times at depth.
Sometimes it is extremely comp1icated to maintain proper diving
schedules using conventional repetitive dive tables for such dives.

A comprehensive comparison of the SCUBAPRO decompression meter
and US Navy standard air decompression tables was made by Mount
�970! and other investigators, Using the US Navy tables as a
"reference standard," the meter is more conservative at depths
1ess than 80 ft, whereas the tables are more conservative in ex-
cess of 80 ft. In other words, the decompression meter indicates
decompression requi red at less bottom time on shallow dives and
the tables require decompression before the meter indicates on
deeper dives, On decompression dives the meter tends to give
more decompression on longer duration dives. In general the
meter gives satisfactory  by comparison! multiple dive schedules.
Based on Mount's study, however, it appears that repetitive
dives with a surface interval of over 6 hr and less than 12 hr
on the meter are unsafe and should be avoided. Furthermore,
since the meter apparently reaches saturation with a bottom time
of 2 hr, it is recommended that it not be used f' or divers with
bottom times  single dive or cumulative! exceeding 2 hr,
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The meter is not recommended for short-duration  bottom time of
5 min or less! deep dives. Mount's findings indicate that the
meter requires longer total decompression time for longer bottom
dives at depths up to 300 ft than equivalent dives in accordance
with the tables. For dives to 200 ft or below, the depth of the
first decompression stop appears to be shallower by the meter
than by the tables. Basically, controlled research data is in-
sufficient and inconclusive to determine the reliability of the
meter over depths of 100 ft  Tom Mount, personal communication,
1971! at this time. However, many dives have been completed to
depths in excess of 200 ft using the meter and with no apparent
complications. Repetitive dives, with the shallower di ve first,
should be avoided since comparisons with accepted tables schedules
are inadequate.

Although these meters appear to be satisfactory for normal opera-
tions, they do not take into account the diver's physical condi-
tion, amount of work, and other factors affecting the individual's
absorption and elimination of nitrogen . Like decompression tables,
the meter cannot be considered as "complete" protection against
the bends. The d~ver should still keep track of depth/time fac-
tors, as well as surface intervals and other data needed to "double"
check against the mechanical factor. The experienced diver can
generally judge these factors relative to a meter that is malfunction-
ing. Periodic checks against another meter is one of the best safety
checks. Periodic repair and recalibration service are available for
a nominal fee from the manufacturer and US distributor  SCUBAPRO!.
A factory check and recalibration are highly recommended at period-
ic intervals, depending on the amount of use and abuse. Some
divers carry two meters as a check for accuracy; however, most
divers cannot afford this luxury.

Although the meter is used on thousands of dives each year without
occurrence of bends, it is not infallible. The meter must be used
with common sense and good judgment. Do not interpolate or "push"
the meter or exceed the apparent limitations as previously stated.
The meter is extremely susceptible to shock and damage from ex-
cessive abuse. If' a meter is dropped or otherwise damaged, it
should be returned to the factory for repair and recalibration.
Also, when being transported by air, the meter must be shipped
wi thi n the pressuri zed portion of the aircraft or in a pressure-
proof container. Most di vers carry their meters with them in the
airplane cabin.

The meter should be rinsed in fresh water, dried, and properly
stowed after each use. Do not attempt to disassemble the in-
strument or clean the static pressure ports under any circum-
stances. This could result in severe damage and subsequent mal-
function.
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The manufacturer recommends periodic testing of the meter. This
test is conducted as follows:

Subject the meter to a pressure equivalent to exactly
30 m sea water  98.425 ft! in a chamber or by immersion
in water.

Maintain the meter at this depth for exactly 30 min.

Rapidly return the meter to the surface and check to
see if the pointer is in the zone of the second red
rectangle  + l mm displacement allowable!.

If the needle doesn't fall within the stated range, the meter is
malfunctioning and must be returned to an authorized inspection
and repair facility.

Ll,!.2 REPETITIVE I!IVES

A dive performed within 2z hr of surfacing from a previous dive is
a repetitive dive, The period between dives is the surface in-
terval. In conventional diving, for all practical purposes, ex-
cess nitrogen requires approximately 12 hr to be effectively
eliminated from the body. The minimum surface interval requi r-
ing repetitive dive computation using the US Navy procedures is
10 min. For any interval under 10 min, add the bottom time of
the previous dives to that of the repetitive dive and choose the
decompression schedu'le for the total bottom time and the deepest
dive. Specific instructions are given with the US Navy standard
air decompression and repetitive dive tables in Appendix C.

A 7k divers, both sport and research, must understand and be able
to calculate dive schedules using the repetitive dive tables.
This is the standard method of determining decompression schedules
and of avoiding decompression when planning multiple d~ves. Re-
gardless of the current upward trend in the use of the decompres-
sion meter for repetitive dives, the tables are still the only
method for the majority of divers who do not have access to decom-
pression meters. Repetitive dive work sheets are included in
Figures 4-2 and 4-3.

Ll,3,5 INTERRUPTED OR &iITTED DECOMPRESSION

A diver may be forced to surface prior to completing required de-
compression, especially when using SCUBA. In this event he must



REPETITIVE D IVE WORKSHEET

1. PREY I OUS D IVE;

minutes see table 1-10 or l-ll for
Group

repetitive group designationfeet

II. SURFACE INTERVAL:

hours minutes on surface see table 1-12~
Group

Group  from I.! for new group

I II. RES I DUAL N I TROGEN Tl ME:

feet  depth of repetitive dive! see table
minutes

Group  from 1I.! 1-13

minutes  equivalent single dive see table
time from IV.!

feet  depth of repetitive dive! 1-10 or 1-1

sion required

feet minutes

feet minutes

feet minutes

feet minutes

n stops:

Fige' 4-Z. Repetitive Dive 4oz'l;"i'.eel  'US Naacp, 2870!

IV. EQU I VALENT S I NULE D I VE T1ME:

minutes  residual nitrogen time from HI.!

 add! minutes  actual bottom time of repetitive dive!

 sum! minutes

V. DECOMP RES S I ON FOR REP ET I Tl VE D I VE:



I. PREY I OUS D IVE:

G roup
r epetitive group designationfeet

bourse' minutes on surface see table 1-12
Group

for new group

see table! ~
minutes

1-13

eet  depth of repetitive dive!

Group  from II.!

IV. EQU I VALENT S INGLE D I VE TIME:

fSminutes  residual nitrogen time from III.!

 add! /~minutes  actual bottom time of repetitive dive!

 sum! > Fminutes

V. DECOMP RES S I ON FOR REPETI T I VE D I VE:

~ ~minutes  equivalent single dive see table
time from IV.!~feet  depth oi repetitive dive! 1-10orl-1$

No decompression required

Figure 4-8. Repetitive Dive Vozksheet m'th Example of C'orrrpu0a-
tion for a Repetitive Dive  US Navy, 29>"0!

REPET IT I VE D I VE IJrttORKSHEET

inutes see table 1-10 or 1-11 for

II. SURFACE INTERVAL:

Group& from I.!

III. RES I DUAL NITROGEN TIME:

or

Decompression stops: M~ feet
Mfeet

feet

feet

minutes

minutes

minutes

minutes
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enter a decompression chamber or return to the water to complete
his decompression. If a chamber is available, immediately re-
compress the diver to 100 ft for 30 min and bring him up in
accordance with Treatment Table 1 or lA  US Navy, 1970!. If a
chamber is not available, the diver should be returned to the water
and decompressed using the foIlowing procedure, based on the stan-
dard air decompression tables  US Navy, 1970!:

:::: At 40 ft, remain for one-fourth of the 10-ft stop time.

:.,:..:,:At 30 ft, remain for one-third of the 10-ft stop time,

:::,: At 20 ft, remain for one-half of the 10-ft stop time.

At 10 ft, remain for one and one-half times the scheduled
10-ft stop time.

Upon completing this procedure, the diver should be observed for
symptoms of decompression sickness, and stand-by arrangements for
transport to a chamber should be in effect. The US Navy �970!
suggests that Treatment Table 1 or 1A procedures may be attempted
at sea; however, it is unlikely that this procedure would be
successful for nonmilitary or noncommercial diving operations
since it requires surface-supplied equipment, proper water depth,
sufficient air supply, sufficient thermal protection, etc. In-
adequate decompression on Treatment Table 1 could seriously injure
the diver and possibly be worse than the delay required to trans-
port a diver to a chamber if he should exhibit symptoms of decom-
pression sickness.

4,3,4 DECOMPRESSION FOR DIVES AT HIGH ALTITUDE

Standard US Navy air decompression tables are computed for diving
with reference to sea level. Two modifications must be made to
correct for differences in atmospheric pressure when these tables
are used at high altitude. The diver must compute, or refer to a
table to obtain, the theoretical depth of the dive and the theore-
tical depth of decompression stops for a given altitude. Both
the theoretical diving depth and decompression stop depths will
vary with altitude. There are various procedures and tables for
computi ng decompression for high-altitude divi ng . The tables are
based on theoretica] calcu'Iations, and most have not been thoroughly
tested. The following procedures and tables given are those recom-
mended by Cross �967, 1970!. These procedures and tables are
given because of prior wide distribution and apparent acceptance
by divers. I do not accept responsibility for the accuracy or
reliabil~ty of these procedures and tables.
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Theoretical diving depths to 10,000 ft for actual diving depths
to 250 ft are given in Table 4-1. To find the theoretical diving
depth, enter the table at the exact or the next greater depth than
the maximum actual depth attained during the dive. Enter the
table horizontally with this depth to the vertical column of the
exact or next greater altitude  listed at the top of the column!
of the body of water in which the dive is being made. The figure
given in the selected altitude column for the actual depth is
the theoretical depth of the dive at that altitude. Once the
theoretical dive depth has been found, standard US Navy air de-
compression tables  US Navy, 1970! are used to determine decom-
pression time, Decompression stop depths are computed using
Table 4-2 in a similar fashion.

For example, assume that a dive is to be made in a lake at an
altitude of 3860 ft and the actual depth of the dive is 85 ft,
By entering Table 4-1 to 90 ft and across to 4000 ft altitude, it
is found that the theoretical dive depth is 104 ft. This means
that an 85-ft dive at 4000 ft is equivalent to a 104-ft dive at
sea level. Since the rule of using the exact or next greater
depth applies, the theoretical depth used in determining decom-
pression for this dive would be 110 ft,

Further assume that the above dive is for a bottom time of 36 min.
Entering standard air decompression tables for a depth of 110 ft
and duration of 40 min  next oreater time from 36 min!, it will
be found that the decompression schedule requires a stop at 20
ft for 2 min and 10 ft for 21 min. The prescribed decompression
stop depths must be converted to theoretical decompression stop
depths for an altitude of 4000 ft using Table 4-2. Consequently,
the diver actually makes decompression stops at 17 ft  instead
of 20 ft! and 9 ft  instead of 10 ft!.

Repetitive dives may be computed using theoretical depth values.
Use the repetitive group desionator given for the theoretical
dive depth at a given altitude. In the surface interval credit
table, no modifications are required since depth is not a func-
tion of this table. However, theoretical depth must be used
when determining residual nitrogen time using the repetitive
dive time table. For example, assume that a "no-decompression"
repetitive dive is to be made to an actual depth of 60 ft after
a surface interval of 2 hr. The initial dive, to a theoretical
depth of 104 ft for a bottom time of 36 min, indicates a repeti tive
group "L." Following the 2-hr surface interval, the repetitive
group designation is "G." The sea-level equivalent of a 60-ft
dive at 4000 ft altitude is 69 ft  Table 4-1!. Consequently, the
residual nitrogen time, entering the repetitive dive time table
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Actual
Depth

Theoretical Depth at Various Altitudes  in feet!

A2ti togae for Gi men ActualTab2e 4-2. Theoretica2 Depth at
Diuing Depth

Theoreticaf Depth of Decompression Stop  in feet!
2000 3000 4000 5000 6000 7000 8000 9000 10000

Prescribed
Depth 1000

0 7
14
22
29

0 7
14
21
28

0
10
20
30
40

0 7
15
22
30

0 0
9 8

17 17
26 25
35 33

0 8
16
24
32

0 0
9 9

19 18
28 27
37 36

0
10
19
29
39

0 8
15
23
31

Tab2e 4-2. Theoretiea2 Depth of Decompression
A 2titude  Cx oss, 29>" 0!

Stop at.

0
10
20
30
40
50
60
70
80
90

100
110
120
130
140
150
160
170
180
190
200
210
220
230
240
250

1000
0

10
21
31
41
52
62
72
83
93

103
114
124
135
145
155
166
176
186
197
207
217
228
238
248
259

2000 3000
0 0

ll 11
21 22
32 33
43 45
54 56
64 67
75 78
86 89
97 100

107 111
118 122
129 134
140 145
150 156
161 167
172 178
182 189
193 200
204 212
215 223
225 234
236 245
247 256
258 267
268 278

4000 5000
0 0

12 12
23 24
35 36
46 48
58 60
69 72
81 84
92 96

104 108
116 120
127 132
139 144
150 156
162 168
173 180
185 192
196 204
208 216
220 228
231 240
243 252
254 264
266 276
277 288
289 300

6000
0

12
25
37

62
75
87

100
112
124
137
149
162
174
187
199
212
224
237
249
261
274
286
299
311

7000
0

13
26
39
52
65
78
91

103
116
129
142
155
168
181
194
207
220
233
246
259
272
284
297
310
323

8000
0

13
27
40
54
67
81
94

108
121
134
148
161
175
188
202
215
228
242
255
269
282
296
309
323
336

9000
0

14
28
42
56
70
84
98

112
126
140
153
167
181
195
209
223
237
251
265
279
293
307
321
335
349

10000
0

15
29
44
58
73
87

102
116
131
145
160
174
189
203
218
232
247
261
276
290
305
319
334
348
363
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at repetitive group "G" to a depth of 70 ft, is 37 min. Since
the "no-decompression" limit is 50 min, this means that the
repetitive dive cannot exceed 13 min actual bottom time.

If for any reason an initia'I dive is made at altitude and a repeti-
tive dive at a lower altitude or sea level, simply assume that
the initial dive was made at the lower altitude. Consult tables
for the lower altitude  in the case of an ocean repetitive dive,
the actual depth!. However, if the initial dive is made at sea
level or a lower altitude and the repeti tive dive at high al-
titude, the initial dive must be treated as if it were made at the
higher altitude. The repetitive dive would be computed for the
higher altitude as previously discussed. For further informa-
tion on diving at high altitude, consult Cross �967, 1970!.

4,3.5 SURFACE DECONPRESSION

The primary advantages of surface decompression in a chamber are
the comfort and security provided to the diver by allowing him to
surface in case of extremely cold or rough seas, physical exhaus-
tion, equipment malfunction, etc. If the chamber is equipped with
a proper oxygen breathing system, the use of pure oxygen saves an
appreciable amount of the total decompression time required as
compared to air decompression. In surface decompression procedures,
stage decompression in the water is reduced to a minimum or is
eliminated and the major portion of the decompression is accomplish-
ed in a surface chamber in accordance with US Navy Surface Decom-
pression Tables 1-26 and 1-27  Appendix C!, If decompression is
to be on oxygen, use Table 1-26 with an initial ascent rate of
25 ft/min instead of the standard rate of ascent for air diving.
For surface decompression on air, use Table 1-27 with an ascent
rate of 60 ft/min. Following completion of requi red water stops,
ascend directly to the surface, enter chamber, and pressure down
as soon as possible. Do not exceed 3.5-min surface interval.
Consult US Navy �970! for details of surface decompression pro-
cedures and chamber operation,

4.3.6 DIVER S LOG EOOK

The diver's log book is a permanent record of his training, exper-
ience, and qualifications. A record of diving experience is neces-
sary for advancement in research diver classification and instruc-
tor certification. Divers are encouraged to keep accurate records
of all diving activities.
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The following information should be recorded for all dives:

1. date,
2. geographic location,
3. underwater time,

4. depth,
5. equipment used,
6. swimmer or tender,
7. purpose of the dive and a brief description

of work accomplished.

In addi tion, the following i nformation is desirable:

diving conditions  underwater and surface!,
air source and consumption,
exertion level,

comments on equipment and diver performance,
cumulative record of dives and underwater time.

l.

2.

3.

4.

Several commercially prepared log books are available; however,
these are generally inadequate for research diver's records. A
permanently bound notebook  approximately 4 in. by 6 in. or 5 in.
by 8 in.! has proven satisfactory. Specially printed log sheets
carried in a loose-leaf binder are used in The University of
Michigan's program. It is recommended that a "rough log" be pre-
pared in the field during operations and information be entered
in the permanent log book at the end of each diving day.

~s l DIVING IN COLD l~ATER

Ini ti.ally, upon submergence in cold water there is a mobilization
of the body's heat generation and insulation resources to resist
the cold. This response is characterized by immediate cooling
of the body's surface layers, vascoconstriction, metabolic rate
increase with possible i ncrease in core temperature, respi rati on
increase, and a decrease in heart rate. Continued exposure re-
sults in localized cooling, with the hands and feet exhibiting
the most rapid rate of heat loss.

A survey of civilian diving activities in the United States in-
dicates that 83 percent of all divers are in water below 60o F,
60 percent of all divers are in water between 60o F and 40 F,
and 25 percent of all divers are in water below 40 F  Frey,
1967!. Of these dives, 44 percent have a duration of 90 min or
longer and 33 percent, have a duration of 45-90 win. In diving,
the major cause of physiological depletion is cold stress. Cold
is a major limiting factor relative to diver performance, comfort,
and safety.
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The hands and feet cool rapidly because they have the greatest
skin surface area to mass ratio of all body regions and little
or no subcutaneous fat. The diver's finger dexterity, tactile
discrimination, and kinesthetic sensation diminish, with sub-
sequent reduction in his ability to perform manual skill tasks.
Loss of manual skill, even by degrees, results in a deteriorated
state of efficiency and safety, The diver's ability to make
critical value adjustments and handle emergency situations is
impaired. The diver is, however, still capable of performing
certain tasks. For example, a diver may adapt by using the side
of his hand to thread a nut onto a bolt instead of his impaired
fingers. Also, individual variations in susceptibility to cold
and discomfort, skill level, and motivation play a major role
in diver performance under cold stress.

Cooling of the hands and arms results in a marked decrease in
muscle strength, A 50 percent reducti on in gri p strength can
be expected when an unprotected subject is immersed in 50o F
water for 1 hr. The diver's ability to board a boat or ascend
a diving ladder without assistance may be impaired. Tenders
and surface personnel must be prepared to render assistance.

Cold stress causes deterioration in motor and mental processes.
Visual perception, sensory motor coordination, and anticipation
 purely a mental process! are affected to various degrees. The
loss of mental agility  problem-solving ability! and memory im-
pai rment are symptomatic of severe cold stress. Cold stress may
limit the amount of information that one can retain and can also
be responsible for erroneous recollection, both vital factors in
scientific observations. At this point man is not only useless
as a working diver, but he is a hazard to himself and his col-
leagues.

Fur!her exposure can lower core temperature  normal: 98.6o F
+ 1 ! and skin temperature  normal comfort; 91.5o F to 87.8o
F!. When core temperature drops to 97o F, the central nervous
system's neuroregulatory capacity is affected, and severe pain
followed by nerve damage is indicated when skin temperature drops
below 55 F.

4,4.1 NET SUIT

The foamed-neoprene, wet-type diving suit  Figure 4-4! is probably
the most widely used suit today. With a properly fi tted suit, only
a small quanti ty of water is able to enter and this water is quick-
ly warmed by the body. Heat loss is restricted by the insulating
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properties of the closed-cell, foamed-neoprene material. Unfor-
tunately, this material is subject to compression under pressure

Figure 4-4. Protective Suit for Divers--Foamed-Neoprene,
Wet-Type Diving Suit. for Cold-4'ates DiVing
 Photo by P, Blackb~!

and its insulating effectiveness decreases with depth. In contrast,
an incompressible wet-suit material constructed of rubber impregnated
with tiny gas-filled spheres is currently undergoing development and
testing. This material shows promise as an ideal material for in-
sulating the diver; however, at present it is rather bulky and
heavy. An incompressible wet suit was marketed later in 1971.

Insulation is primarily dependent on foamed neoprene thickness.
llet suits are corn~only available in 1/S-in., 3/16-in., 1/4-in.,
and 3/8-in. thickness. Selection of suit thickness depends on
water temperature, mission requirements  continuous swimming or
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70 F and above

60o I' to 70o F

50 F to 60o F

j./8-in. jacket,
3/16-in. suit  standard!,
1/4-in. suit  standard!.

The standofe d ~et suit consists of a jacket with zippers in the
front and arms, pants with leg zippers, a hood, boots, and glove-
mitts �-finger type!. Various design modifications and ac-
cessories are used to increase thermal comfort and protection.
Suepender-type pa~ts  "bib" type or "Farmer John" type! which
resembIe sleeveless coveralls are commonly used to provide added
thermal protection to the diver's torso, the area of greatest
heat loss. The 1/8-in. or 3/16-in. hooded vest is highly rec-
ommended for increasing thermal protection and allowing for sea-
sonal variation. This vest prevents significant water seepage to
the chest area  through zipper! and the back of the neck. !t is
extremely important to protect the head and back of the neck from
cold-water exposure since these areas are highly sensitive to
cold and have significant effects on the body's thermal balance.
Added torso protection is afforded by a 3/8-in. shirt body.
One-fourth-inch sleeves and hood may be used on the 3/8-in. body
to provide for minimum arm movement restriction and head comfort.
For extremely cold water �8o F to 35 F!, a 3/8-in. suit or
muZtiauit arrangement is desirable. Some divers prefer a 1/8-
in. or 3/16-in. suit over or under a 1/4-in. suit.

Standard suits are equipped with leg, arm, and chest zippers backed
with a neoprene overlap strip to minimize water seepage. Zippers
facilitate easy and rapid dressing and undressing. Unfortunately,
they also constitute a weakness in the insulation barrier and
allow cold-water seepage. Zippers are frequently eliminated from
suits designed for extremely cold-water diving or are backed wi th
special backing pieces  gussets! glued and sewn to both sides of
the zipper opening. If zippers are used, heavy-duty nickel-silver
models are currently recommended.

Hands and feet exhibit the most rapi d coolinq rates . In moderate
temperature waters and when finger dexterity is requi red for manual
skill performance, divers frequently wear 1/8-in. or 3/16-in.,
five-finger, foamed-neoprene gloves. Unfortunately, gloves offer
only minimal thermal protection. The three-finger glove mitt
�/16 in. or 1/4 in.! is most commonly used in cold water. For
extremely cold water, a gczuntLet type, 1/4-in, mitt designed

limited underwater activity!, dive duration, and individual com-
fort preference  thicker suits are more restrictive!. The follow-
ing are suit thickness recommendations for various temperature ranges:
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to reach to just below the elbow is recommended. Gloves and
mitts must be carefully fitted since the slightest restriction
in the fi ngers will i~pair circulation and cause cold and numb
fingers,

Footwear must be properly fitted to keep the diver's feet warm,
yet prevent cramping and circulation restrictions. Foamed-neo-
prene boots with a hard rubber or felt sole are designed to min-
imize wear  damage to bottom surface! and to protect the diver' s
feet when walking. Since the bottom is generally constructed of
hard rubber with low insulating properties, a neoprene insole is
recommended. Recently some manufacturers have improved protec-
tion by simply securing a hard sole to the bottom of a specially
designed neoprene sock. The neoprene 8ook, without a hard sole,
is designed to fit the foot snugly like a regular sock. Some
sort of overboot or shoe is required to protect the foot and
soft neoprene when walking on rough surfaces. High-top boots
reaching to just below the knee are recommended for extremely
cold water.

Hoods must be designed to give maximum protection to the head,
neck, and face; however, they should not interfere with proper
fitting of the mask and SCUBA mouthpiece. Proper sizing can be
extremely important because the skull is rigid and requires more
accurate fitting than other suit parts. A poorly fitted hood can
cause severe jaw fatigue, a choking sensation, a headache, diz-
ziness, and coldness. An extremely tight-fitting hood and suit
neck could cause unconsciousness by restricting blood flow to
the head. This condition is known as carotid sinus reflex  Shane,
1971!. Pressure on the carotid arteries in the neck region can
stimulate the heart to reduce blood flow to the cerebral area,
Consequently, symptoms similar to those of hypoxia will be evi-
dent and eventually the diver will loose consciousness. For ex-
tremely cold water, Neushut �961! states that no part of the
face should be in direct contact with the water if diving is to
be continued for extreme periods. This requires a special hood
design with separate openings for the mouthpiece and mask. Ray
and Lavallee �964! concluded that this is not necessary. I have
noted facia1 discomfort and numbing of the facia1 area and lips
with possib1e impairment of one's ability to retain a SCUBA mouth-
piece. A full face mask over a standard hood has merits. A
special cold-water hood which extends well over the shoulder area
is available, However, I suggest that the outer shirt should
have an attached hood for cold-water diving. This may be worn
over a hooded vest, a high-neck vest with separate 1/8-in. hood,
or a vest without a hood.
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Most wet suits are currently lined with four-way stretch nylon
fabric. This nylon 7i~ing facilitates dressing and retards tearing.
There is a slight reduction in suit flexibility, and some divers
claim that thermal protection is reduced. No scientific data is
available to support this reduction in thermal protection factor.
The nylon lining also serves as a base for sewn seams. The s~
seam is desirable since it virtually eliminates tearing at seams .
The advantages of nylon linings appear to outweigh the disadvan-
tages; consequently, nylon lining is recommended.

The outer surface of the suit may be smooth or textured rubber or
nylon covered. Some manufacturers claim that the textured sur-
face increases flexibility and is more resistant to abrasion. Most
sui ts are currently manufactured with textured surfaces, although
distinct advantages of textured surfaces relative to smooth sur-
faces are not clearly defined. A nylon outer surface significant-
ly increases sui t durability. A slight decrease in flexibility
is evident; however, the nylon surface is desirable for the
working diver.

Other factors to consider when selecting a wet suit include color,
crotch strap snaps, and spine pad. Black rubber is preferable
since coloring compounds may tend to weaken material and 1ower
elasticity. Twist-lock fasteners are commonly used to secure
the crotch, Some manufacturers are now successfully using a
specially designed velcro fastener for crotch straps. The shoulder
straps of suspender-type pants should be secured with large velcro
strips. Spine pads are used to reduce the flow of water in the
spinal area.

Although production-model wet suits are available in a wide range
of sizes, including longs, regulars, and shorts, custom-tailored
suits are recommended. A custom suit is tailored to 20 or 30 per-
sonal measurements, and vari ous modifications may be specified by
the d~ver. Fit is extremely important. A wet suit should fit
snugly; not too tight to restri ct circulation, yet not too loose
to allow excess seepage and accumulation of water. Too tight of
a fit in the chest area can result in restriction to breathing
with subsequent respiratory fatigue . A good-quality sui t will
fit snug and comfortably, but will stretch with body movement.

Most divers will not be fortunate enough to have two or more wet
sui ts to use for various water temperature ranges. Taking into
consideration comfort, thermal protection, versatility, and cost,
the following suit and accessories are recommended for the 40o F
to 70 F temperature range:
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1/4 in.; no zippers in arms,

1/4 in.; no zippers,

1/8 in.; hooded,

1/4 in.; hard sole,

Shirt:

Pants:

Vest:

Boots:

Mitts: 1/4 in.; glove-mitts,

3/16 or 1/4 in.Hood:

3/8-in. body with 1/4-in. sleeves and attached
hood  sleeve zippers with gussets and inverted
shirt zipper are optional!;

Shirt:

1/4 in., suspender type, cut high in neck;

1/8 in., hooded or turtle-neck, neoprene;

1/4 in., hard sole;

Pants:

Vest:

Boots:

Mitts: 3-finger glove-mitts.

For arctic diving conditions and in water temperatures of 28 F
to 40 F, the following wet suit  custom tailored! is recommended:

Shirt: 3/8 in. with attached hood, no zippers;

3/8 in., suspender type;

1/8 in., hooded;

Pants:

Vest:

3/8 � in. foot with 1/4-in. upper to just below
knee;

Boots:

1/4 in. or 3/8 in., gauntlet type extending ta
just below elbow.

Mit ts:

Cold-water wet suits are discussed by Ray and Lavallee �964! and
Neushul �961!. Current investigations, in general, support the
conclusions of these authors with regard to wet-suit design. The
following wet suit  custom tailored! has been proven satisfactory
for water temperatures of 40o F to 50 F  moderate activity level!.'
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4,4.2 I!RY-NET SUIT

Recently, a foamed-neoprene, wet-type suit has been developed
that is virtually watertight. Entry is gained through a water-
proof, pressureproof rear zipper, and the cuff, leg, and neck
seals are specially constructed to minimize water entry. This
unit appears to be advantageous in keeping the diver relative'ly
dry and requires less critical fit. However, the same compres-
sion is noted with depth as in a standard wet suit, and similar
insulation reduction is evident.

4.4.3 Cr-SUIT BUOYANCY

The amount of weight required to offset the buoyancy of a foamed-
neoprene wet suit is primarily determined by the depth of the
dive. The small, closed, gas cells in foamed-neoprene rubber
are compressed as pressure is increased and, thus, the faotation,
or buoyancy, factor is decreased. Several methods may be used
to determine the amount of weight necessary to achieve neutral
buoyancy. To determine surface buoyancy, the diver must don all
of the equipment which he plans to wear during the dive. Wearing
a weight belt with clip-on lead weights or carrying weights in
a net bag, he enters the water and adds or subtracts weight unti 1
he achieves a state of neutral buoyancy. At neutral buoyancy, he
should sink slightly with exhalation and ri se with inhalation.
This amount of weight is generally satisfactory for diving in
depths of less than 30 ft. Remember that a fu11, standard, 71.2
ft~ SCUBA cylinder contains approximately 5 'Ib of air; conse-
quently, the diver can expect to be about 5 lb more buoyant at
the end of a dive when his air has been depleted. Minor buoyancy
compensations may be made using the diver's lifejacket. This
technique is discussed in the section on SCUBA diving equi pment.

The diver may theoretically determine his weight requirements at
depth by using a buoyancy-depth graph for foamed-neoprene wet
suits  Figure 4-5!. For examp]e, a diver wearing a medium-size,
1/4-in., wet suit wilI find that the suit has approximately 18 lb
of buoyancy at the surface and 8 lb of buoyancy at a depth of
100 ft. Consequently, he will need to remove 10 lb of weight from
his belt to maintain the same buoyancy at 100 ft as he had at the
surface. The graph is only intended to serve as a general guide.
Since various factors, including neoprene rubber quality, sui t
age and condition, individual body types, and equipment affect
buoyancy, only personal experience can ultimately determine weight
requirements.
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The density difference between fresh and salt water has only a
slight effect on the suit's buoyancy. Since the graph is for
fresh water, the figures may be multiplied by a factor of 1.03
for saltwater diving. Remember, however, that the diver must
add weight when he makes the transition from fresh water to salt
water to compensate for his body's displacement. For example,
if a 180-lb individual dressed in a bathing suit is neutrally
buoyant in fresh water without the addition of weight, he will
displace approximately 2.88 ft3 or 180 lb of fresh water. This
same individual will displace about 184 lb of salt water. Since
he weighs only 180 lb, approximately 4 lb of weight must be added
to achieve neutral buoyancy in salt water.
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Figure 4-b. Buoyancy of' Foamed-Neopr e92e, Pet-Type Suit Relative
to Compression at Var'ious Depths  Dey, 2966!

Frequently, novice divers will find that they will reduce their
weight belt requirements by 4 to 5 lb during the first year of
diving. Certainly part of this reduction is due to improvement
in skill, relaxation, and breathing characteristics. However,
about half of this reduction is due to wet-suit deterioration
through normal usage.
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4 rapid alternate, but less accurate, method of determining the
amount of weight required by a diver wearing a wet suit to achieve
neutral buoyancy at the surface is the formula of 1 lb of lead for
each 10 lb of body weight.

II 4 4 DRY SUIT,' STANDARD

The standard dry suit  Figure 4-6! is generally made of two-ply
gum rubber and is worn over one or more layers of thermal or
woolen underwear or a foamed-neoprene wet. suit. Dry suits are
cormonly classified by type of entry: neck, front, rear, or
waist. The front- and waist-entry models are currently popular.

Figure 4-6. Protective Suits for Divex's: Standard Dry Suit
 Photo by P. Josephson!
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Dry suits were used for most cold-water diving prior to introduc-
ti an of the wet-type, foamed-neoprene sui t. Unfortunately, dry suits
are subject to leakage if the entry is not properly sealed. Also,
a slight tear can result in complete wetting of the undergarments
and subsequent loss of thermal insulation properties. The dry suit
is frequently uncomfortable at depth due to squeeze as the air in
the suit is compressed. Since insulation properties depend on the
thickness of the air space provided by the undergarments, thermal
protection decreases with depth. Air may be introduced into the
suit through the face seal from the mask to partially compensate
for compression and prevent external ear squeeze. Some divers
wear thick, porous padding in their hoods to help prevent ear
squeeze.

The dry/wet suit combination has proven adequate for long-term
submergence in shallow cold water where the diver must remain
relatively immobile. The wet suit is worn as an undergarment;
thermal protect~on is thus retained in the event of leakage. Un-
fortunately, this combination is rather restrictive to movement and
may induce fatique during long underwater swims.

After entrance is made into the front or rear entry dry suit, the
entrance tunnel must be made watertight. The following method of
making a watertight seal is recommended:

Spread the entry tunnel flat at the open end.

Fold once and carefully pleat the entire length.

:3j Hold securely and clamp or tie  elastic card! the
pleated material.

To seal the waist entry dry suit, the following method is recommended:

Fold pants entry chute over hip.

Lay shirt entry chute over the pants chute and fold
so that the shirt entry is now on the inside and the
pants chute is on the outside.

Place the rubber tube belt at the top of the entry
chutes and roll the chutes downward.  The tube belt
is optional: proper seal may be made without a belt.!

Nhen wearing a dry suit, do not jump into the water. Enter gradually
and purge trapped air out of the cuffs or face hold. If attached
gloves are used, submerge one at a time while purgi ng air. Extreme
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caution must be observed when using a dry sui,t to prevent external
ear squeeze or rupture af the eardrum. This prob1em is eliminated
by admitting air from the mask through the face seal.

Instead of attaching gloves to the suit, most divers now use heavy,
foamed-neoprene, wet-type mitts. If dry-type mitts or gloves are
desired, the best method of attachment is to simply remove the suit
cuffs and cement the gloves in place.

After using the dry suit, it must be thoroughly dried, powdered,
and stored in a dry, cool, dark area. Avoid excessive heat.
Roberts �963! discusses the use of dry suits, dry-wet suit com-
binations, and suit entry techniques in detail.

4,4,5 DRY SUIT', VARIABLE VOLTE

The variable-volume, dry suit  Figure 4-7! is a flexible, light-
weight, one-piece, dry-type suit with integral boots and hood,
and separate glove-mitts. It is constructed of 3/16- or 1/4-in.,
closed-cell, neoprene rubber with a nylon-lined interior and

Figure 4-7. Pr otectiue Sui.s for Divers: Viable-Volume
Dry � Type Su&  Photo bu Somers!
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textured-rubber or nylon exterior. The seams are stitched and
large kneepads are affixed. The suit is entered through an
opening that extends from the breast bone down around the crotch
and up to the nape of the neck in back. A waterproof, pressure-
proof zipper completely seals the opening and permits the diver
to dress and undress in approximately 5 min. The suit is de-
signed to be worn with light or heavy underwear and may be used
with SCUBA mask or surface-supplied lightweight helmet.

This suit is fi tted wi th inlet and out1et valves to permit diver
control of inflation and deflation of the suit, thus permitting
control of displacement and buoyancy. Air supply for the suit
is taken from the diver's air supply  SCUBA or umbilical hose!
through a hose attached to a low-pressure outlet on the regulator
or umbilical hose, or from a small auxiliary cylinder. Controlled
inflation produces only limited local ballooning, and squeeze is
minimized since the elasticity of the suit material facilitates
equalization of pressure differentials over the entire body.
Whi'le the neoprene rubber is compressed with increasing depth, the
insulation properties of the underwear and the air envelope sur-
roundinq the diver are relatively unimpaired.

The diver may utilize the variable-volume factor to control buoy-
ancy and thus allow a wide range of weight to be used safely.
Approximately 25-30 1b of weight are required to neutralize the
buoyancy of the sui t. To allow the diver to swim wi th neutral
buoyancy and work heavy, 10-15 lb of weight may be added. For
work requiring maximum stabi lity on the bottom and no swimmi ng,
up to 40 lb of weight may be added in the form of a heavy weight
belt and diver's shoes and/or leg weights.

The suit is also an effective life preserver. Inflation of the
suit allows a surfaced SCUBA d~ver to float on his back above
wave action. If the diver were to lose consciousness during
ascent, air would automatically vent through the wrist seals.
Blowup may be controlled by venting air from the exhaust valve,
through wriest seal cuffs, or by unzipping the suit.

Currently, a variable-volume dry suit is manufactured in Sweden
and marketed under the name UNISUIT. Usino heavy "arctic" under-
wear  a knitted nylon-fur suit supplied by the manufacturer!, the
Swedish navy has tested the suit in water temperatures of 37o F
ta 50o F at depths of 60-100 m. Tests conducted in my presence
on a recent arctic expedition included a 2.5-hr dive in shallow
 to 30 ft! water with a temperature of 29 F to 30 F. Further
testing by myself has indicated satisfactory performance to
depths of 200 ft in cold water with lightweight helmet and mask,
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Specific instruct~ons for use and maintenance of the UNISUIT are
supplied by the manufacturer; divers are encouraged to follow
these instructions to avowed malfunction and unnecessary suit dam-
age. The zipper requires special handling and maintenance pro-
cedures.

4.4,6 DRY SUIT: CONSTANT VOL.~

The constant-volume dry suit was designed primarily for self-con-
tained ar surface-supplied diving in extreme'ly cold or contaminated
water. It is constructed of rubberized cotton twil1 similar to that
used in conventional deep-sea or lightweight diving dresses  suits!.
As the diver descends, the internal volume of air is kept nearly
constant by exhalation of air into the suit through the diver' s
mouth or nose. Constant automatic exhaust va1ves located at each
ankle of the suit and in the top of the hood automatically main-
tain pressure balance and vent air during ascent to prevent over-
inf'lation of the suit. The hood is fitted with a hinged-lens face
mask and a mouthpiece "T" connection for use with a double-hose
regulator. Entry is through the neck opening; the hood is seal-
ed to the suit with a special metal ring.

The constant-volume sui t is extremely durable. Currently, this
suit is used more often with a surface-supplied demand regulator
system than SCUHA. The suit is somewhat cumbersome and uncomfort-
able for long underwater swims.

DIVING SUIT'. OPEN-CIRCUITi EOT-LIATER SYSTEM

The open-circuit, hot-water system  Figure 4-8! consists of a
loosely fitted wet suit designed with internal tubing to distri-
bute heated water uniformly over the diver, an insulated hose,
a surface water-heating unit, and a water pump. The one-piece,
front-zipper entry suit is constructed of 3/16 in. of foamed
neoprene with nylon on both sides. An insulated hose from the
heating unit attaches to a control manifo'Id mounted on the side
of the suit, enabling the diver to control the flow of water,
The size of the surface water-heating unit used depends on depth,
number of divers, and water temperature requirements. A satis-
factory unit for 1 or 2 divers is a portable, liquid-propane f1ame
to coil 200,000-8TU water heater similar to a smal'l swimming pool
heater. The unit is equipped with a mixing manifold to control
water flow rate and temperature. A pump is required to pass
water from its source through the heat exchanger and down to the
diver. A constant flow of 1.5-2 gal/min is required to maintain
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comfort in cold water. A 40 lb/in~ head is sufficient for most
operations and the water temperature is adjusted to reach the
diver at his desired comfort level, generally 90o to 100 F.
Since the sui t provides little thermal protection in itself, all
possible precautions must be taken to avoid loss of hot-water
supply. In cold water a diver may suffer symptoms of shock and
exposure soon after the flow of hot water ceases.

4.4,8 DIVING IN COLD WATER

Water temperature and dive
duration are two impor-
tant factors in the sel-
ection of diving dress. Al-
though specially designed
wet suits have been used
for SCUBA diving under arctic
conditions, dry-type suits
are recommended for long-
duration dives when the
water temperature is below
50o F or if the diver is
to remain relatively im-
mobi'Ie. A relatively in-
active diver in a 3/16-in.,
wet suit will maintain
thermal balance for Open-Circuit~ Hot-

Vater Diving System;
 a! Hot-Hater Suit
 Photo by Some''e!

Figuze 4-8.

Cold-water divers must have adequate predive rest and nutrition.
At least 6-8 hr of sleep and caloric intake of at least 5000 cal/
day and possibly as much as 7500 cal/day is recommended  Ray and
Lavallee, 1964!. This is necessary to establish the reservoir of
energy necessary to combat body heat loss. Onset of cold stress
wil1 otherwise be accelerated. In general, divers will perform
better in cold water if they are in good physical condition and
have adequate rest and nutrition for a week or so prior to diving
operations. Breakfast on diving days should consist of foods with
high carbohydrate content
but low amounts of residue
because defecation is rath-
er inconvenient for a suit-
ed-up diver. Intake of
candy and honey may be bene-
ficial; however, avoid foods
and eating habits that might
produce nausea.
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delay in undressing, remove mitts, d'ry hands, and don woo'I or in-
sulated mittens. 4rigorous exercise will promote warming. The
diver should dress-out, have a hot shower, and don dry clothing
as soon as possible.

The use of a variable-volume dry sui t is extremely beneficial
when periods of surface exposure are necessary.

4,4,9 HIVING UNDER ICE

Diving under ice is particularly hazardous and should only be
undertaken when absolutely necessary. The diver is subjected
to severe cold stress, emergency procedures are complicated, and
the SCUBA may be adversely affected by severe cold. In fact, the
use of open-circuit SCUBA for diving under ice is discouraged.
The effects of cold on SCUBA regulators are discussed in Chapter
6. University of Michigan research divers use surface-supplied
diving techniques for under-ice work.

In addition to previously discussed procedures, the following
should be considered when working under ice:

:::.: Use ample protective clothing and do not commit a
chilled diver to an under-ice mission.

Always have a stand-by diver ready to enter the water
immediately.

Limit dive duration and provide sufficien.t facilities
for immediate warming.

Never rely on a compass; the safety line or umbilical
hose is the only way to insure relocation of the hole.

'::::,:, The safety line must be secured to the diver, not his
equipment. A t>awned tender must handle the safety
line or umbilical hose . Secure the line to a fixed

object on the surface.

:-::: Avoid long excursions under the ice. If it is necessary
to cover large areas when under the ice, cut several holes
and make a series of dives.

Cut a hole large enough to accommodate
though one diver is under the ice at a
to mark the hole clearly following ice
fisherman and snowmobile riders of the

2 or 3 divers even

time.  Be sure
diving to warn
hazardous opening.!
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Figure 4-9. &vers Preparing to CoLLect
Samples Under Ice-Covered
M'.chigan Lake  Though SCUBA
has been used for under-ice
diving by most researchers,
surface-supplied equipment
is currently recommended at.
Tne University of Michigan.!
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Avoid having more than one surface-supplied diver or one
SCUBA team in the water at a time.

Divers must have considerable open-water experience prior
to diving under ice.

If SCUBA is used, use only two-hose regulators and carry
an auxiliary breathing unit. Do not inhale from regu-
lators above water, wait until you submerge.

Additional information on diving under ice is given by Ray and
Lava11ee �964!.
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5.0 Diving Ujlthaut
Breathing Apparatul

Emphasis on diving with SCUBA should not obscure the importance
of diving without respiratory equipment. Frequently the research
diver will be required to recover specimens, photograph, or make
observations in shallow water without the aid of SCUBA. A physi-
cally fit, veteran diver will generally be capable of breathhold
dives to depths of 40 ft or more. Conditioned spearfishermen or
persons who make breathhold dives frequently may dive to depths
exceeding 90 ft. The current record breathhold dive is to a
depth in excess of 240 ft.

Breathhold diving or skin diving is a necessary part of training
for diving with SCUBA. Proper use of mask, fins, or snorkel,
surface swimming, surface dives, underwater swimming, pressure
equalization, and rescue techniques are all necessary skills re-
quired for mastering SCUBA diving. Furthermore, skin diving on
shallow coral reefs can provide endless hours of pleasure.

Breathhold diving is not, without hazard. The diver must be an
excellent swimmer and in reasonably good physical condition.
An enthusiastic skin diver will frequently expose himself to
more adverse conditions and greater physical strain than the
casual swimmer . He will venture far ther from shore under more
hazardous environmental conditions for longer durations. The
skin diver is subject to barotrauma of the ears and sinuses as
any other diver; however, air embolism and related complications
are only a problem if the diver breathes air while underwater
from SCUBA, a habitat, an air pocket under a rock ledge, etc.
Since breathholding can cause serious problems, the diver must
thoroughly understand the potential hazards of prolonged breath-
holding under pressure. Physiological aspects of breathholding
and submergence are discussed in Chapter 3.

The basic equipment for breathhold diving includes a mask, a
snorkel, a pair of swim fins, and a 7ifejacket. These items
are discussed in the section on "Accessory Equipment" in Chapter
6. The diver may use a weight belt to achieve a state of near-
neutral buoyancy on the surface. Actually the diver should
have slight posi tive buoyancy at the surface. He should never
wear sufficient weight to cause him to sink. Information on
skin diver training and skills is given by Empleton �968!.
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5i1 DONNING FACE I ASKr SWIH FINS' SNORKELS AND LIFEJACKET

The fare mask should fit the diver's face comfortably and hold
its position on the face when the diver evacuates air from in-
side the mask by inhaling through his nose. If during inhala-
tion, air leaks into the mask or the mask fails to hold to the
diver's face, it either does not fit or there is some material
such as hair, wet-suit hood, or mask strap preventing the en-
tiree edge of the mask from sealing. Prior to diving the face
plate should be coated wi th an antifog compound such as saliva,
dishwashing soap, or a commercial preparation. Fogging under-
water may be removed by admitting a small quantity of water
into the mask, rinsing the face plate, and purging the water
from the mask, Some divers even retain a small volume of water
in their masks for this purpose throughout the dive. The mask
strap shou1d be periodically inspected for signs of wear and
adjusted so that the mask fits comfortably and snug, but not
tight. A tight-fitting mask may cause discomfort or a head-
ache, and a loose-fitting mask may easily be lost.

Prior to donning the mask, the diver should wet both the mask
and his face to improve the sealing action. Then the mask is
grasped by the faceplate retainer, positioned on the face, and
secured by placing the strap behind the head. Generally the
diver uses both hands for this procedure; however, donning the
mask completely with only one hand must also be mastered. Test
the seal by inhaling through the nose. Always hold the mask to
the face when jumping into the water.

The selection of s~~rn fins is based on fit, physical condition,
and mission requirements. Prior to each dive, the fins, par-
ticularly the adjustable heel straps, are checked for signs of
wear or damage. Adjustable straps and buckles must be secure.
To facilitate donning, wet both the fin and foot. Grasp the
fin by the side rib at the instep and slide onto foot. Then
position the heel strap. Don't don fins by pulling on the heel
strap or back of the foot pocket on shoe-type fins; this fre-
quently damages the strap or foot pocket. Shoe-type fins may
be more easily donned by turning the back of the foot pocket
under the fin  inside out!, sliding the fin onto the foot, and
flipping the back of the pocket into place.

For breathhold diving, the snorkeZ is generally secured to the
mask strap by a smal'l rubber retainer. Prior to use, the snorkel
should be inspected and cleared of foreign material  insects,
sand, etc.!, if necessary. To don, insert the mouthpiece in-
to the mouth with the flange between the teeth. Adjust the re-
tainer so that the snorkel is comfortab'le in your mouth, and



the tube points slightly to the rear when the face is in the
water in swimming position  looking down and slightly forward!.
The K~fejacket should be inspected prior to each dive to ensure
that the gas cylinder is full, the activator is functioning
properly, and that there are no tears or leaks. Don the life-
jacket and secure with the straps. The straps should be snug
and comfortable, but not tight enough to induce restriction
when breathing deeply.

5,2 SWI~INe WITH FINS

The kick used almost exclusively by skin and SCUBA divers is a
modification of the standard flutter-type kick used by swimmers.
Since swim fins greatly increase the efficiency of the flutter
kick, the diver's version af this kick is much slower and the
feet travel through a wider arc. The kick action is from the
hip, with pointed toes and slight flexure in the knees. When
used on the surface, the fins should not break the surface of
the water throughout the entire motion. The body should stay
relatively straight. If the hips tend to buoy up the legs, re-
sul ting in the feet breaking the water surface continuously, or
if there exists a necessity of bending at the hips to keep the
feet under, the diver should swim with his body straight but
tilted downward at a slight angle to the water surface. A
weight belt may be required to overcome hip buoyancy. Onder-
water the diver should relax and may increase the arc of the
kick. The legs may have to be spread slightly to avoid fins
touching. Do not stiffen the knees, and avoid excessive body
roll. maintain a slow, steady rhythm. The diver should avoid
excessive use of hands when swimming on the surface or under-
water; he should trail them in a relaxed fashion at his side.

5 5 SURFACE DIVING TECHNIQUES

The breathhold diver or skin diver swims on the surface and
breathes through a snorkel until he is ready to submerge. At
this time he ventilates his lungs a few times, takes a full
breath of air and executes a head- or feet-first surface dive.
The head-first  jack-knifed surface dive is performed by bend-
ing the body at the waist, thrusting the trunk well down, and
bringing the 'legs out of the water into a vertical upward posi-
tion. The weight of the legs above water should be sufficient
to thrust the body downward; no other movement should be neces-
sary until the fins are fully submerged. Then continue down-
ward motion by kicking. As soon as the diver submerges, he
should start equalizing pressure in his ears as explained in
Chapter 3.



Some divers prefer the feet-first surface dive. The diver pre-
pares for the dive as above; however, to execute the dive, he
drops his feet and assumes an upright vertical position with
his head above the water. He then kicks strongly with his fins
and at the same time brings his hands sharply to his sides. This
action raises part of the diver's upper body above water. Now
the toes are pointed, the diver relaxes, and drops vertically
underwater. When submerged, turn on face or side and kick
downward,

5.4 0stNG mE SNoRKEI

The snorkel is posi tioned on the mask strap so that i t is com-
fortable and not submerged during surface swimming. A normal
breathing rhythm and volume exchange should be maintained. Avoid
repeated hypervent~lation or "skip" breathing  holding breath
for long periods between inhalations!. When the diver submerges,
the snorkel will partially fill with water; however, i n most cases,
the entrapped air and pressure equalization will keep water from
entering the diver's mouth.

During ascent, look up toward the surface and rotate the body
360 degrees to check for overhead obstructions. Keep the face
pointed upward so that the top of the snorkel is slanted down-
ward . Gently expel air into the snorkel while comi ng up. Be-
cause of the downward slant, the air will remain trapped in the
tube and displace all the water. Start exhalation approximately
2 ft from the surface. When you reach the surface, simply roll
into a swimming position and resume breathing. Since you ex-
haled underwater, cautious inha I ation wi 1 I bring fresh air upon
reaching the surface.

5,5 ENTR>ES

Whenever possible, skin and SCUBA divers should enter the water
from a diving ladder or by jumping feet first from a low plat-
form. A basic factor to remember when performing all jump or
roll entries is to hold the face mask to the face to prevent
loss. Some divers prefer to hold the bottom of a SCUBA cylinder
against the back to minimize the possibility of hitting the
head with the regulator. This is generally not necessary if the
SCUBA is designed and fitted properly. The following entries
should be mastered by skin divers  without SCUBA!; they will
later be used for SCUBA diving.
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An excellent method of entering the water f'rom a low platform
is to simply sit on the platform with the feet in the water,
hold the mask to the face, tuck chin, and roZZ fomard in a
somersault fashion. The shoulder or SCUBA cylinder will hit
the water first.

The step-in or st~de entzp is used from a dock, platform, ar
boat dock. Hold the mask firmly against the face and look
straight ahead. In a smooth motion, bend slightly forward at
the waist and step off with a wide stride; do not look down.
As the body strikes the water and starts to submerge, make a
sharp scissor-type kick and sweep free are downward. This entry
resembles the standard feet-first lifesaver's entry.

When working from small boats, it is generally desirable to sit
on the gunnel with the back to the water and feet in the boat.
To enter, simply press the mask to the face, tuck chin, and
faZZ backwards. The SCUBA cylinder will strike the water first.
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6.0 Self- Ontoined Diving

6,1 ImRODuCTrmt

Sel f-contained underwater breathing apparatus  SCUBA!  Figure
6-l! was developed to faci titate complete freedom of movement
underwater. The diver carries his breathing medium with him,
thus allowing him to operate independent of surface support
and with freedom from the encumbrance of the umbilical hose
requi red for surface-supplied diving apparatus . Three major
categories of SCUBA are currently in use:

Open-circuit demand

Compressed air
Cryogenic  primarily experimental!

Semiclosed circuit  mixed � gas application!

Closed circuit

Pure oxygen
Mixed-gas
Cryogenic.

Open-circuit, demand-type SCUBA is the simplest type and the
one most frequently used by divers. Only open-circuit, demand-
type SCUBA will be discussed in detail.

The diver must know and appreciate the ditference between self-
contai ned di vi ng   open ci rcuit: air! and surface-supplied diving
so that he can choose the proper equipment for a specific mission.
The best way to compare these two types of diving is to consider
the advantages and disadvantages of SCUBA.

Advantages of Open-Circuit SCUBA:

1. mobility,
2. portability,
3. adaptability to small-boat operation  requires

minimum support equipment!,
4. readily available training to most research personne1.

Disadvantages of Open-Circuit SCUBA.

1, limited depth,
2. limited duration  air supply!,
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Figure 6'-2. Diver Equipped vith Open-Circuit Se tf-C'ontained
Underwater Breathing Apparatus  Photo bp Somers!
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3. limited exertion,
4. inefficient for most diving missions,
5. limited communications capability,
6. limited thermal protection for self-contained divers,
7. requires a minimum of two divers for safety purposes,
8. relatively unsafe for limited visibility diving

conditions.

Recent field experience has shown that open-circuit SCUBA has de-
finite limitations and that for many missions surface-supplied
diving techniques may increase operational efficiency by as much
as a factor of four. However, at present, open-circuit SCUBA is
still the "standard" diving apparatus for research-diver applica-
tions. The advantages and disadvantages of surface-supplied diving
wil1 be discussed 1ater.

6,2 OPEN-CIRCUIT SCUD

6,2,1 DEf%ND-TYPE SCUBA REGULATOR

The demand regulator is a mechanism which reduces the high-pressure
air in the cylinder to ambi ent or breathing pressure. The volume
of air delivered is regulated by the diver's inspi ratory require-
ments. In open-circuit demand SCUBA, the diver inhales air fram
the air cylinders and exhales direct1y into the surrounding water;
in a properly desigjied apparatus, no gas is rebreathed. Demand
regulators are available in both one- and two-reduction-stage types.

In the discussion of regulator valve systems, the terms "upstream"
and "downstream" are frequently used  Figure 6-2a!. Dovnstrean;
refers to a valve which is forced open by the high-pressure air.
Consequently, a mechanical force such as a spring must counter-
act the force of the high-pressure air. A downstream, high-pres-
sure valve spring is calibrated to hold the valve closed against
a full cylinder pressure and, consequently, offers greater mechan-
ical resistance to opening at a 1ow cylinder pressure. In the
upstream-type valve, the opposite is true. The high-pressure air
ctoses the high-pressure valve and as the cylinder pressure drops,
the valve offers less resistance to opening.

E.2,2 ONE-STAGE DENArZ! REGULATOR

The one-stage demand regulator  Figure 6-2a! is designed to re-
duce air at cylinder to ambient pressure through one reduction
stage, Inhalation lowers the pressure in the air chamber and
the flexible diaphragm is deflected inward by the hi gher water
pressure. This movement activates the lever system to open the
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high-pressure valve. Air flows from the cylinder until the de-
mand ceases; the pressure in the air chamber is then equal to
ambient and the high-pressure valve c1oses.

This regulator is commonly available only in double-hose models.
It is rugged, has a limited number of moving parts, and is rela-
tively easy to maintain and repair. However, breathing resistance
increases with high air flow requirements at greater depths and
there is a slight variation in flow with changing cylinder pres-
sure.

6,2,3 THG-STAGE DEMAND REGULATOR

The two-stage demand regulator, available in both single-  Figures
6-3 and 6-4! and double-hose  Figure 6-2b! models, is designed to
reduce the high-pressure air from cylinder pressure to ambient
pressure through two reduction stages. In double-hose models, the
pressure reduction mechanisms are housed as a single unit which
attaches to the cylinder valve. However, in single-hose models,
the first- and second-stage reduction mechanisms are separated by
a length of hose, and the second stage is part of the mouthpiece
assembly.

The first stage is depth compensated and designgd to maintain a
constant intermediate pressure of 110-130 lb/in~ abave ambient
pressure, depending upon the make of regulator, Three types of
intermediate-pressure reduction va1ve systems used in SCUBA regu-
lator first stages are described later. The second stage is a
demand-lever-activated unit designed to reduce the intermediate
pressure to ambient pressure. Inhalation by the diver causes a
pressure reduction within the second-stage air chamber with re-
spect to ambient pressure and a flexible low-pressure diaphragm
is deflected inward. This activates the second-stage demand lever
which opens the low-pressure valve assembly and allows air to
enter the second-stage chamber until demand ceases and the in-
ternal pressure equals ambient pressure. As air is released from
the intermediate-pressure chamber, the high-pressure valve opens
and allows air to enter the intermediate-pressure chamber from
the cy1inder. When pressures are balanced, the valves close ta
stop air flow unti1 the next inhalation. In single-hose regula-
tors, the low-pressure diaphragm may be depressed manually to
activate the demand lever and start air flow.

First-stage reduction valves are available in standard, balanced,
and piston types. In the standcu'd first-stage aaaemblp  Figure
6-3d!, the high-pressure cylinder air acts to close the valve.
Counteracting the closing force of the cylinder air is a large
spring pressing against a high-pressure diaphragm, which is coupled
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Figure 8-4. Moss-Section of Piston-Type First Stage:  a! Standar d
Piston Type;  b! Balanced F/.~ Through Piston Type
 Photo Courtesy of SC'UBAPRO!
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to the high-pressure valve seat assembly. Novement of the
diaphragm moves a stem to open or close the valve seat assembly.
The heavy spring is manually adjusted to hold the valve seat
assembly open until the intermediate pressure increases to a
predetermined level. The first stage is depth compensated by
water or air pressure exerted on the high-pressure diaphragm.

The delivery eff~ciency of the mechanism varies with cylinder
pressure. The small diaphragms used in single-hose regulators
are extremely sensitive to fluctuations in pressure and, conse-
quently, slight pressure variations can have marked effects on
air-flow capacity and breathing effort; To reduce the amount
of variation caused by cylinder pressure differences, it is neces-
sary to reduce the size of the inlet orifice. Unfortunately, a
small orifice adds resistance to air flow and, therefore, breath-
ing, when high air-flow volume is required. Thus the standard
fi rst stage has defini te air delivery limitations under high flow
requirements, especially at depth.

In comparison to the standard first stage, cylinder pressure has
na effect on the seating of the high-pressure valve assembly in
the baKancea first stage  Figure 6-3c!. In the balanced valve,
a valve stem of approximately the same size as the orifice is
extended outside the high-pressure chamber. Therefore, hiqh
pressure is not exerted on the end of the valve stem. With the
cylinder air pressure neutralized, only the mechanical forces of
the springs affect the operation of the valve. These springs
can be set at the exact, desired, intermediate pressure and do
not vary with changes in cylinder pressure. Consequently, large
orifice diameters can be used, and the breathing resistance pro-
duced by moving air through a small orifice is eliminated. This
first stage is designed to enclose the entire valve assembly for
protection against saltwater corrosion and foreign material, yet
maintain depth compensation. The balanced first stage is used
in most high-performance regulators,

The piston-type .issue etage  Figure 6-4! is a simple and function-
al unit with only one moving part--the piston, This is probably
the most common first stage currently used in single-hose reg-
ulators. It is currently not used in double-hose regulators.
By using a precision-ground spring of proper compression, the
desired i ntermedi ate pressure can be maintai ned wi th no further
adjustment. As the system is pressurized, air flows through a
small hole, located in the side of the piston stem just behind
the soft seat, up through a bore in the piston stem and pres-
surizes the air space between the cap and the large end af the
piston  Figure 6-4b!.
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In the balanced flow-through piston model  Figure 6-4a!, air
enters the open end of the piston and a soft seat is embedded
in the case just below the end of the piston. This force
acting on the larger area of the piston is greater than the
force at the small end due to the differential in surface
areas. Consequently, the piston moves toward the small end.

This piston is depth-compensated through application of hydro-
static pressure to the spring side of the piston by admitting
water into spring chamber. In this manner the intermediate
pressure always remains at a predetermined level above ambient
prcssure' When this pressure is reached, the piston moves
downward, and the air flow from the cylinder is stopped by the
closing of the valve. As the diver inhales,.the intermediate
air pressure is subsequently reduced, the piston moves upward,
and air flows through the regulator until the diver stops in-
haling and the predetermined intermediate pressure is again
reached.

Since the operation of the piston depends on the seal of the
two "0"-rings, damage to either of these rings or the very
smooth bores due to sand or salt crystals can result in mal-
function.

6.2.4 EX}eUST VAt VES

In double-hose regulators, air is exhaled through a nonreturn
valve located in the mouthpiece assembly into the exhalation
hose where it is channeled to the open-chamber portion of the
regulator case. A nonreturn valve at the end of the exhala-
tion hose permits air to escape but prevents water from enter-
ing the exhalation hose. The exhaust valve is located in the
regulator case to minimize exhalation resistance by placing
the exhaust valve at a lower pressure than the lungs when the
diver is in normal swimming position. High exhalation resis-
tance results in greater respiratory fatigue over long dura-
tions than equivalent inhalation resistance.

The exhaust valve port in a single-hose regulator is located
in the lower portion of the second-stage air chamber  mouth-
piece assembly!. A nonreturn valve prevents water from enter-
ing through this port. The exhaled air is deflected away
from the diver's face through a special rubber assembly. Un-
til1 recently, most single-hose regulator exhaust valve ports
were small enough to cause significant exhalation resistance.
Most current models are designed with larger exhalation valve
ports to minimize this resistance.
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6,2,5 THERMAL REACTION

In cold climates and/or cold water, inter~aE freezing of regulators
may result from moisture mixed wi th the cylinder air. In this case,
cooling of the air due to expansion from high pressure to low pres-
sure causes moisture in the air to freeze. Consequently, ice crys-
tals may plug the orifices in any regulator and cause malfunction.
Single-hose regulators appear to be extremely susceptible to ice-
crystal problems and are not recommended for extremely cold-water
diving operations. Recently, both University of Michigan and
US Navy divers experienced single-hose regulator malfunctions in
the arctic. The regulators froze in a free-flow position. Obvious
problems were precooling of the regulator by exposure to extreme
cold prior to the dive and residual moisture introducted during
rinsing. Breathing from the regulator in a subfreezing atmosphere
prior to submergence also adds to the freezing probabilities.
Based on these results, the US Navy has recommended that all diving
with open-circuit SCUBA in water colder than 38o F be conducted
wi th double-hose regulators  Anonymous, 1 971 !. Only moisture-gree
air should be used for cold-water diving operations.

= er..aE j~eezir.c may occur when single-hose regulators are used
in water at temperatures near freezing �Zo F!. Ice crystals
have been observed to form around both the first- and second-stage
assemblies. These ice crystals may plug openings and interfere
wi th the movement of regulator parts, caus i ng ei ther loss of depth
compensation, free flow, or restricted breathing.

The primary reason for e~te~ial .t'res-inc in single-hose regulators
is the small size of the regulator case exposed to the water. Ex-
pansion of cylinder air from high pressure to low pressure absorbs
heat from the surrounding metal and, consequently, reduces the
temperature of the metal. When it is immersed in water already
near the freezing point, the reduction in the temperature of water
in contact with the metal causes freezing. The ice crystals may
build up rapidly to plug orifices in both the first and second
stages of the regulator.

In two-hose regulators the high-pressure reduction mechanism is
somewhat protected from contact with the water by the large meta'I
case. Also, the larqer mass of metal affords a better heat transfer.
Two-hose regulators are less likely to malfunction from internal
and external freezing.
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6,2.6 COMPRESSED-AIR CYLINDER

The compressed-air supply for open-circuit SCUBA is contained in
steel or aluminum-al 1oy cylinders. Aluminum cylinders, not bear-
ing a Department of Transportation  DOT! approval stamp, are gen-
erally restricted to European countries and United States mili-
tary applications. US Navy cylinders are constructed of materials
which comply with low magnetic effects  p! requirements to faci 1-
itate operations around magnetic mines. Cylinders for ci~ilian
use generally have a rated working pressure of 2250 lb/in and
a normal internal volume of' 730 in3. When charged to 2250 lb/in2,
a standard cylinder contains approximately 64.7 ft3 of free air.
The 71.2 ft3 capacity is at 10 percent over working pressure �475
lb/in2! allowable under Department of Transportation  DOT! specifi-
cations, as indicated by a plus  +! symbol adjacent to the initial
hydrostatic test date stamped near the cylinder necks Cylinders
wi th free air capacity  at 10 percent over pressure! of 26, 38,
50, 52 .8, 75, and 100 ft3 are also available� . Open-circuit SCUBA
is available in 1-, 2-, or 3-cylinder assemblies.

Recently, the Department of Transportation has approved a 71.2 ft
�475 lb/in2! aluminum-alloy cylinder for general use in the Un~ted
States. The corrosion resistance properties of this aluminum alloy
are far superior to steel; consequently, both internal and ex-
ternal corrosion problems are min~mal. These new cylinders, dis-
tributed by the US Divers Co., are longer and more buoyant �.75
lb positive when full and 9 .5 lb posi tive when empty! than steel
cylinders of equal capacity. For more detai l, see NcKenny �972!.

The exterior of the cylinder is protected against rust and corrosion
by galvanized metal, epoxy paint, or vinyl-plastic coating; Ga]-
vanized exteriors are recommended for durability against abrasion .
Epoxy paint or plastic over zinc-galvanized surfaces prevents
electrolytic corrosion of the zinc by salt water. However, with
proper preventive maintenance electrolytic corrosion is relatively
insufficient.

High-pressure cylinders are stamped with letters, numbers, and
symbols near the neck, givi ng certain specifications. The follow-
ing is an example of the markings found just below the neck of a
standard SCUBA cylinder:

DOT 3AA2250

K7422

USD
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The DOT designates that the cylinder is acceptable for interstate
transport in accordance with DOT specifications. Cylinders manu-
factured prior to January 1970 may read ICC  Interstate Commerce
Commission! in lieu of DOT; the change to DOT resulted from gov-
ernmental reorganization and an amendment to the hazardous mater-
ials regulations. The type of' metal alloy used in manufacturing
is designated by 3AA or 3A, indicating chrome molybdenum alloy
and carbon steel alIoy, respectively. The rated working pressure,
2250 lb/in2, follows the material designation. In the above
example, K7422 is the cylinder serial number, and USD is the dis-
tributor's symbol, The hydrostatic test date is indicated by 1 L
70+, where   L ! is the registered symbol of the tester end the
 +! following the test date designates that the cylinder may be
charged to 10 percent over the rated working pressure.

The bottoms of SCUBA cylinders are often fitted with a rubber or
plastic boot for protection and to facilitate holding the cylinder
in an upright position. Boot-equipped cylinders should not be
left unattended in an upright position. The boot should also be
removed periodically to inspect for corrosion; preventive measures
may be required.

6,2,7 CYLINDER Ij'ALVE PSseeLV

The cylinder valve assembly is primarily a shutoff valve to con-
trol the flow of air from the SCUBA cylinder and is designed to
facilitate attachment of a demand regulator or cylinder filling
device. Most open-circuit valve assemblies have a thin, metallic
safety disk which is designed to rupture at 3000 lb/in2 cylinder
pressure as a measure to prevent cylinder damage from excessive
pressure. The assembly may also include a spring-loaded, low-
pressure air warning mechanism  Figure 6-5!. The shutoff valve
may be incorporated into manifold uni ts for use wi th mul tiple-
cylinder SCUBA.

6,2,8 LON-PRESSURE WARNING DEVICE  RESERVE!

All open-circuit SCUBA must be equipped with a positive warning
system to alert the diver that his gas supply is cri ticalIy low.
The system may be a valve mechanism, an audible signal device,
a calibrated orifice, or a pressure readout gauge. >Jarnina systems
may be incorporated into the regu1ator assemb1y or cylinder valve.

The most common mechanism is a pressure relief valve with a man-
ual override. This type is general1y referred to as a spring-
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Loaded reserve  Figure 6-5!. This mechanism permits a free flow
of air to the regulator until the cylinder pressure falls to a
predetermined level  approximately 300 lb/in~ for single-cylinder
SCUBA and regulator; 500 lb/in~ for two-cylinder SCUBA!. At
this pressure, a spring forces a flow check against the port ori-
fice and restricts the air flow, causing increased breathing re-
sistance. This is followed by total obstruction of air flow,

The remaining air may be released by manually overriding the check
valve, The diver activates a reserve lever, which advances a
plunger pin and pushes the flow check off of the orifice against
the action of the spri ng or retracts the plunger. The enti re re-
serve air supply is available to the diver. Unfortunately,
this reserve fever may be accidentally activated during the dive
or the diver may fail to place it in a proper position prior to
the dive. In ei ther case the diver may completely exhaust his
air supply at depth without warning.

The audib2e LoU-air Darning systerc is probably the most foolproof
mechanism used in SCUBA since it eliminates the human error pos-
sibilityty of neglecting to properly posi tion the reserve mechanism
and the possibility of accidental activation. In this system an
audible signal automatically sounds when the cylinder pressure
reaches a given level. The signal continues during inhalation
until the air supply is exhausted or inhalation ceases. This type
of warning mechanism is only in limited production at present,
probably due to design, manufacturing, and marketing problems.

The depth-compensating cr restricted-oui.'fice princiv2e is no
longer used on most American SCUBA for low-pressure warning
mechanisms. This device operates on the principle that a stream
of air will flow through an orifice of a given size in direct
proportion to the pressure differential existing on both sides
of that orifice. The orifice size is calibrated so that there
will be insufficient air flow through the orifice for normal in-
halationn when the pressure differential is approximately 200-300
lb/in~ . The restri cti on to air flow is, therefore, dependent
also upon depth, Consequently, near the end of- the air supply
the diver feels a restriction of air flow durinq inhalation.
Direct ascent increases the pressure differential across the
orifice and sufficient air should be available for normal ascent.

Once air pressure has dropped low enough, the diver must immediately
ascend unless provisions are made in design for by-passing the re-
strictive orifice. Descent is impossible. If the diver breathes
"lightly" and consumption  volume per breath! is limited, he may
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"breathe past" his reserve supply at shal low depths. In this case
air demand is insufficient for the diver to notice significant re-
striction and he may nearly empty the cy1inder s! before breath-
ing restriction is evident. If under these conditions the demand
would suddenly increase, air flow would be insufficient. Also,
the restrictive orifice reduces the flow capacity of a regulator
even when the pressure differential is high; this greatly reduces
the regulator's operational efficiency. Divers are therefore dis-
couraged from usi ng SCUBA equipped with restricted orifice reserve
mechanisms.

Some divers prefer to use two cylinders connected by a yoke  Figure
6-6a!. The diver opens only one cylinder at the beginning of the
dive and upon depletion of that air supply opens the second cy'I-
inder. The air equalizes between the cylinders, the reserve cyl-
inder is closed and the diver terminates his dive after he has
performed this procedure two or three times. Some divers use two,
single SCUBA cylinders with separate regulators mounted in a double-
cylinder harness   Figure 6-7c!; this method requi res switching
mouthpieces while underwater.

An uMemater pressure gauge  Figure 6-7a! is recommended for all
SCUBA. This gauge may be connected to all single-hose regulators,
some double-hose regulators, or the cylinder valve  not recommended!.
A special adaptor is available to facilitate use wi th some double-
hose regulators . The high-pressure gauge is fitted with a length
of high-pressure hose, which allows it to be positioned so that
the diver may constantly monitor his cylinder pressure.

6.2.9 AuXILIARY BREATHING SYSTEMS

Many divers now use regulators with dual second-stage assemblies
 Figures 6-7a and 6-7d! to facilitate buddy-breathing. Some
single-hose regulator, first-stage assemblies are desi gned wi th
two low-pressure ports; others require a special adaptor  Figure
6-7b!. The auxiliary mouthpiece may be secured to the diver' s
shoulder harness with a quick-release mechanism.

Cave divers often mount a 12- to 40-ft air cylinder and single-
hose regulator on their twin-cylinder SCUBA as an emergency air
supply in case of regulator malfunction  Figure 6-7e!. During
one test, a diver safely returned from 200 ft to a reserve air
supply at the decompression stop using this emergency SCUBA,
The unit should be securely mounted, and the air turned on prior
to the dive.
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Open-Circu;t SCUBA Components:  a! Wo CyHnders
Connected by a F2ezib7e Yoke Assemb2y,  b! Contour
Backpack for Sing2e CyHnder;  c! Harness and Band
Assemb2y for Min Cy2inders  Photos by Somers!
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Open-Circuit SCUBA Components:  a! SinaZe-FFose
F>eguZator Zquipped aith an Underwater Pressure
C'auge and an Audi Ziarp Second-Stage AssembZp
 ' Octopus!;  b! SingZe-Hose PeguZatox' Zquipped
~~ith DuaZ Second Stages Using a SpeciaZ Adaptox,
 'c! Audi Ziary Second Stage Attache'd to DoubZe-
Fiose HeguZator  US Diver Aqua Master!;  d! Mo
Single CgZinders A rth Separate BeguZators in a
DoubZe CpZinder FFarness;  e! Separate Zmergencg
'CUBA Attached to Min-Cy Zinder SCUBA;  f! "DeZZ-
c'" AssembZp fox Attaching Wo ReguZators to a
ingZe Q'Zinder  Photos bp Somers!
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Another method of connecting two regulators to a single air source
was designed and constructed by James Dell of The University of
Michigan. The "Dell-T"  Figure 6-7f! is not available commercially;
however, it may be constructed by any competent machinist.

6,2,10 IIARNESS

The SCUBA cylinder is secured to the diver's back with a harness
and/or backpack assembly  Figure 6-6!. Currently, most single-
and double-tank assemblies are fitted with a removable metal or
plastic contoured backpack assembly. The waist strap is equipped
with a quick-release buckle, and one shoulder strap is generally
equipped with release snaps to facilitate donning and permit
rapid removal of equipment in an emergency. The backpack must
fit the diver comfortably, hold the cylinder securely, and be
constructed of' corrosive resistant materials. Some backpacks
are equipped with a cam-action cylinder release mechanism to
facilitate cylinder removal. This mechanism should be adjustable
and equipped wi th a safety mechanism to prevent accidental re-
lease of the cylinder. The assembly should be inspected and
adjusted, if necessary, poor to each aive. For double-tank
assemblies, the standard harness  without backpack! is preferred
by many divers.

6<5 PREVENTIVE I"'AINTENANCE'. SCLIBA

Open-circuit SCUBA regulators are durable, but they can be damaged
and malfunction unless given reasonable care. Simple preventive
maintenance will ensure maximum operating efficiency with minimum
repair requirements. SCUBA regulators are built extremely rugged
externally but are relatively delicate internally. The clearance
between parts is close and foreign material or rust and salt cor-
rosion can cause inefficient operation and malfunction. Observe
the following preventive maintenance procedures far open-circuit
SCUBA regulators:

~ Never stow or transport SCUBA cylinder with the
regulator attached.

0 Do not allow water or foreign matter to enter the
high-pressure i~let of the regulator. Dry and in-
sert the protective cap into the yoke to seal the
high-pressure inlet immediately after detaching the
regulator Prom the cylinder. When water  salt or
fresh! evaporates, it leaves a residue of salts or
minerals.
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This residue can accumulate on internal parts of the regulator,
resulting in friction, decreased functional efficiency, and exces-
sive wear. Chlorinated swimming pool water is nearly as harmful
to regulator parts as salt water. Use only p'lastic or rubber
protective caps with a solid core and fitted with an 0-ring to
ensure a more positive seal. Avoid metal protective caps since
electrolysis corrosion may result from the reaction of contact
between two different metals and salt water.

Rinse regulator thoroughly with fresh water following each use.
The procedure for rinsing single- and double-hose regulators is
given below:

Sing le-hose x'egu2afor's:

With the dust cap in place, flow fresh water, pref-
erably warm, into all parts; a 2-min rinse is
recommended ta dilute salt water accumulations and
remove all foreign matter. This is extremely impor-
tant for a regulator with the piston-type first
stage since salt and sand deposits can interfere with
the movement af the piston.

Wash the second-stage assembly by flowing water
into the mouthpiece and out the exhaust tee. Do
not depress the purge button while washing the
second � stage assembly. This action opens the sec-
ond-stage valve and will allow salt, foreign matter,
and water to enter into the valve assembly, hose,
and possibly the first stage. If there is any
possibility of the purge button having been depressed
during washing, place the regulator on a SCUBA cyl-
inder and allow air ta flow through it.

Shake excessive water from the regulatar and hang
it by the yoke to dry.

Dont 2e-hose zegu2ators:

With protective cap securely in place, wash the
regulator ho~sing and. exterior of hase with fresh
water ta remove salt water and foreign matter.

Hold the mouthpiece in a vertical pasition with
the exhaust downward. Plow water gently into the
mouthpiece to avoid dislodging the rubber intake
check valve and admitting water inta the intake hose.



6-20

3': :Remove excess water from the exhaust hose corru-
gations by blowing through the mouthpiece or
shaking the regulator while holding the hose
where it clamps to the regulator housing with the
mouthpiece up and the hose slightly stretched.

::-'O';-:': Hang by the yoke to dry.

The above procedure is for simple field maintenance of double-hose
regulators. It is virtually impossible to keep water from seeping
into the intake hose and eventually the air chamber. periodically
the air chamber and intake hose must be cleaned and dr~ed as fol Iows:

 a! Remove hoses from the regulator housing, wash, and
hang to dry so the water drains out.

 b! Fill air chamber with fresh water, empty, and shake
out excess water. Repeat three times.  Use distilled
water if local water has a high alkaline or mineral
content.!

 c! Attach regulator to cylinder and position with inlet
port pointing downward.

 d! Turn on the air and with a long shanked screwdriver,
or similar device, depress the low-pressure diaphragm
by inserting the screwdriver through a small exhaust
port. This will cause air to flow and dry the inside
of the air chamber. Continue air flow for 1-2 min.

 e! Check condition of and properly position exhaust
valve.

 f! Reassemble, making certain that hoses are properly
positioned with respect to exhaust and inlet ports.

Regulators may be washed by immersing them in a bucket of fresh
water. Single-hose regulators may be completely submerged. For
two-hose regulators, submerge the housing and hoses but not the
mouthpiece, Only partially submerge the mouthpiece with the ex-
haust side underwater to allow water to enter the exhalation hose.

During storage and transport, protect regulators from abuse, physi-
cal damage and exposure to high ozone levels in surrounding air
 produces rubber deterioration!. A protective container is recom-
mended for carrying regulators in the field.
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Careful inspection of the high-pressure inlet filter is an excel-
lent indicator of potential type and source of foreign material
that may be entering the regulator. This filter is designed to ex-
clude large particles of foreign material; however, it will not
prevent all material from entering the regulator. The following
indicators are noted:

@ A black, wet substance is an indicator of salt water
inside the cylinder.

@ A black dust or powder may indicate contamination of the
cylinder interior with activated charcoal from the com-
pressor filter.

@ A reddish-brown accumulation indicates fresh water inside
the cylinder.

@ A greenish or turquoise accumulation indicates that salt
water has come into contact with the filter and suggests
potential internal contamination of the regulator. This
is usually a result of carelessness.

6 3 j. PERIODIC INSPECTION AND OVERHAUL: REGULATORS

SCUBA regulators should be inspected by a qualified technician an-
nually. In the event of even minor malfunction, immediate repair
is indicated. Annual maintenance procedures involve inspection
 and possible rep]acement! of all rubber parts, pressure-setting
adjustments, and evaluation of the internal condition of the regu-
lator. Periodically, the regulator must be completely overhauled,
including disassembly, cleaning, and replacement of worn or defec-
tive parts. If the regulator has been subjected to abuse and physi-
cal shock, it should be inspected by a qualified technician prior
to use in open water.

6.3,2 PREVENTION OF LUNG INFECTION

A serious infectious lung condition may result from inhalation of
a microorganism  fungus! which contaminates the interior of the
SCUBA, particularly double-hose regulator breathing hoses and
mouthpiece tees. This fungus growth is more common in tropical
areas. The fungus can be eliminated by periodically cleansing the
regulator as follows:

 a! disassemble breathing' hoses and mouthpiece;
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 b! thoroughly scrub the interior of the hoses and
mouthpiece components with surgical soap, using
a suitable brush;

 c! rinse in fresh water and immerse all rubber parts
in a chlorine solution �/2-cup chlorox to l-gal
water! for at least 2 min;

 d! dry completely and reassemble.

The procedure should be repeated every two weeks during periods
of use anu prior to storage.

6 3 3 %INTENANCE OF HIGH-PRESSURE  YLINDERS

Air cylinders and high-pressure manifolds should be rinsed thor-
oughly wi th fresh water to remove all traces of salt deposits.
The exterior of the cylinder should be inspected for abrasion,
dents, corrosion, and rust. If the cylinder has been subjected to
severe damage resulting in deep abrasion or denting, it should be
hydrostatically tested before refilling. External rust and cor-
rosion should be removed and a protective coating applied to these
areas to prevent further deterioration of the cylinder wall. The
tank boot should be removed periodically. The portion of the cyl-
inder under the boot is particularly subject to corrosion and rust-
ing since the boot retains moisture next to the cylinder. Occa-
sional appIication of protective coatings to this area may be re-
quired. Also, periodically inspect the area under the tank harness
bands for rust and corrosion.

Internal rusting and corrosion are problems that have become more
apparent in recent years  Peyser, 1970!. Some SCUBA repair faci 1-
ities claim that approximately 80 percent of all cylinders received
for hydrostatic testing have to be tumbled to remove excessive rust
from the interior of the cylinder. Care must be taken to prevent
moisture accumulations in high-pressure cylinders. When a cylinder
is completely drained of air while using a single-hose regulator,
water may enter the cylinder through the regulator if the purge but-
ton is depressed, allowing the second-stage valve to open. The ob-
vious solution to this problem is never to allow the cylinder to be
completely drained of air. Always terminate the dive with a small
amount of air remaining in the cylinder  approximately 300 psi is
sufficient to keep water from entering the cylinder!. A'ez er depress
the purge button underwater when the cylinder is empty.

Moisture may enter the cylinder during charging. The cylinder
should never be completely submerged prior to attachment of the
filler assembly. Small amounts of water may be trapped in the
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valve orifice and injected into the cylinder. Inadequate removal
of moisture from air by high-pressure compressor filter systems is
another source of internal moisture. Be certain that the compressed
air filter system has an adequate moisture separator.

All steel SCUBA cylinders should be interna11y inspected at least
once a year for rust and corrosion. A special rod-type light
that i lluminates the enti re i nsi de of the cylinder should be
used for this visual inspection, Most diving equipment suppliers
and repair facilities provide this service.

Rust chips may be detected by rocking the cylinder through its
horizontal axis while pressing i t next to the ear and listening
for foreign matter. Also gently tapping an errptp cylinder wi th
a hammer may reveal internal rust and corrosion. A clean cylin-
der wi11 have a clear metallic ring and a corroded or structurally
weak cy'linder gives a dull wooden sound. These procedures are
useful when selecting rental or loan cylinders. They are not,
however, to be considered as a substitute for visual internal
inspections.

If internal inspection reveals rust and corrosion, the cylinder
should be cleaned by tumbling. The tumbling process involves
filling the cylinder approximately one-half' full with an abrasive
material such as palet abrasive, carbide chips, or zinc ox~de
chips and allowing the cylinder to rotate. The abrasive mater-
ials remove rust and polish the inside surface of the cylinder.
The cy1inder is then rinsed to remove loose material and de-
hydrated internally to remove all traces of moisture.

High-pressure cylinders are subject to Department of Transporta-
tion  formerly, Interstate Commerce Commission! regulations.
These regulations require that high-pressure cylinders transport-
ed from state to state be hydrostatically tested at least once
every five years. Most states and cities have ordinances that
cover transportation of high-pressure cylinders requi ri ng ad-
herence to Department of Transportation regulations. Diving
equipment suppliers and air station personnel wil'l not recharge
out-of-date cylinders.

There are several methods of hydrostatic testing of cylinders
including direct expansion, pressure recession, pressure and
water jacket. The water jacket method is commonly used . In
this method the valve is removed and a special test fitting
i nserted. The cylinder, filled with water, is placed in a water-
filled pressure chamber and all air is evacuated. A high-pres-
sure water line is attached to the test fitting and pressure
is applied to the inside of the cylinder using a high-pressure
hydraulic pump. Before pressure is applied, a burette reading
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is taken. The burette, attached to the test chamber by a water
line, allows the tester to measure the amount of cylinder expan-
sion in terms of water column displacement.

The pressure is increased to one and two-thirds the rated pres-
sure of the cylinder, or in the case of the standard SCLIBA cyl-
inder with a rated pressure of 2250 psi, the test pressure is
3750 psi. A second burette reading is taken under full pressure.
The water column rises due to expansion of the cy'tinder. The
hydraulic pressure is released and the water column starts to
drop, indicating that the cylinder is returning to its original
diameter. After all pressure is released, a third burette reading
is taken. Based on these burette readings, the permanent expan-
sion of the cylinder is determined. According to DOT regulations,
permanent expansion of 10 percent or more of total expansion indi-
cates that the cylinder is unsafe for use. Cylinders that fail
hydrostatic testing and show signs of structural damage must be
condemned. This can be accomplished by stamping out the DOT  or
ICC! specification symbols and figures or boring a hole in the
cylinder. A cylinder cannot be restamped for a lower pressure.

The cylinder valve assembly and reserve mechanism should be peri-
odically inspected. Immediate repair is necessary if it is de-
termined that assembly is malfunctioning or faulty. The entire
valve assembly should be rinsed with fresh water after diving, and
protected from unusual abuse. Frequently, the reserve level is
damaged when hit against the roof of a cave or a ship's hull, or
when the tank assembly is left unsecured on a boat deck in rough
seas. Use a protective shield for cave diving and properly secure
tanks at sea and during transport. Cylinders should be tied down,
blocked, or otherwise fastened to prevent shifting during transport
in vehicles.

When not in use, the valve orifice should be covered with masking
tape to prevent loss of rubber 0-ring and accumulation of foreign
material. Divers should carry extra cylinder valve orifice 0-rings
attached to the regulator or in the diving equipment bag.

Cylinders containing high-pressure compressed gas can be extremely
dangerous if abused or misused, If the pressure of 2250 psi is
multiplied by the number of square inches of surface inside a
standard cylinder, the force is found to be approximately 433.3
tons. Property damage, physical injury, and even death have re-
sulted from the explosion of high-pressure cylinders. A faulty
cylinder is a potential bomb and if a valve is broken off of a
cylinder, it is a potential deadly missile.
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High-pressure cylinders should be stored in an upright position.
Should moisture collect inside the cylinder, corrosion will be
less detrimental on the thicker bottom than on the walls. Store
cylinders with 100-300 psi pressure to prevent accidentally leav-
ing the valve open and admitting moisture and corrosive agents
from the atmosphere. A cylinder which is to be stored for a
period of time should not be charged to full pressure. Tests
have shown that less internal corrosion occurs at low cylinder
pressures. Also, in the event of fire or physical damage, the
low pressure constitutes a lesser hazard. Although compressed
air normally does not show signs of contamination after storage
for long periods, it is advisable to discharge the cylinder and
recharge it after one year of storage.

High-pressure cylinders used with open-circuit SCUBA should be
filled only with pure compressed air. The rated pressure should
not be exceeded by more than 10 percent if over pressure is indi-
cated by a plus  +! following the hydrostatic test date; other-
wise, never exceed the pressure stamped on the cylinder. Over-
filling places extreme stress on the cylinder walls and may re-
sult in metal fatigue. Never allow the cylinder to overheat
during charging. Excessive heat, especially involving tempera-
tures above 500 F, can result in significant structural damage.

6,4 AIR COMPRESSORS AND BREATHING t'IEDIA

Air compressors for fi Iling SCUBA cylinders are designed to de-
liver high-pressure breathing air  Figure 6-8!. Compressors for
this purpose are available as portable units or for permanent in-
sta1lation. Portable units should have at least 2 cfm output at
3000 lb/in2 and operate at a low rpm and with a low temperature
rise. Larger units for permanent installation should have an out-
put of 8 ft3/min or more at a pressure of 3000-5000 psi.

Air compressors may be powered by internal combustion engines or
electric motors of sufficient capacity, as specified by the com-
pressor manufacturer. Internal combustion engines are a potential
source of air contamination, and proper precautions should be
taken to ensure that the engine exhaust is prevented from entering
the intake of the compressor. Electric motors are recormended for
diver air compressors; however, the potential of air contamination
is still present and safeguards and precautions are required. A
thermal overload cut-off switch is recoIiItiended for e'lectric motors.

The compressor must be located in an area where the atmosphere is
not contaminated, and proper precautions must be taken to ensure
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that only uncontaminated air is admitted into the compressor in-
take. The air entering the compressor must not be exposed to
contamination by exhaust from internal combustion sources  com-
pressor engine, ship's engine, generators, etc.! or by contamina-
tion from any other source. The air irtake must be provided with
a suitable dust filter. If necessary, the air intake may be ex-
tended out of doors or to a specific source of clean air. If the
air intake is extended out of doors, it must be properly protected
to prevent entry of excessive amounts of moisture. The extended
air intake length should not exceed that recommended by the com-
pressor manufacturer.

Figure 6' � 8. PortabLe  iigh-Pressure Air Compressor for FiL7ing
SCIL'BA Cy'linder  Photo &p Somers!

Lubricating oils  natural or synthetic! or other lubricants must
have the quality and meet the specifications required for com-
pressor service, particularly wi th regard to flash point, vis-
cosity, and resistance to decomposition and oxidation at eleva-
ted temperatures, as specified by the compressor manufacturer.
The use of chtorinate lubricants, phosphate ester  pure or in
a mixture!, or tetrafluoroethylene piston rings must not be per-
mitted. Water-lubricated and dry-lubricated compressors have
positive advantages in terms of precluding internal production
of carbon monoxide.
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Precautions should be taken to prevent overheating of the
compressor which may result in formation of oi l breakdown
products. Methods of coolina high-pressure compressor heads
which may be employed include air blowers, water spray systems,
or systems incorporated into the compressor. Operations may
be cycled to ensure against high temperature rises. A built-
in temperature indicator or faiI-safe temperature controller
may be used if desired.

A filter system must be provided between the compressor and the
supply, storage, or diving tanks as a standard part of the com-
pressor equipment. The filter system must be provided with
activated carbon, molecular sieve, or other appropriate filters
in suitable combination to remove excess water, oil, particulate
matter, and odor in order to meet the spec~fied air puri ty
standards . An oil and water  moisture! separator must be pro-
vided between the compressor and the fi lter system. Activated
carbon and other filters in the filter system should be examined
at least every 24 Iir of total compressor operation and a schedule
of periodic replacement of filters must be maintained in accor-
dance with the manufacturer's instructions and specifications.

Maintenance and operation of internal combustion and electric
motive power and air compressor should be in accordance wi th
the manufacturer's instructions and specifications unless such
instructions and specifications would result in infraction of
the puri ty standards for breathable compressed air. Running
periods and maintenance operations must be logged. Specific
attention must be given to recording of elapsed operating time
of the compressor and motive power source, details of mainten-
ance, the type and number of filters used, elapsed operating
time of each filter, oil consumption and changes, filter re-
placements, air analysis, and other pertinent details. A motor-
hour meter is recommended to facilitate keeping accurate elapsed
operating time records.

Air compressors must be maintained in excellent operating con-
dition and all diving personnel should be trained in the oper-
ation and maintenance of compressors. Periodic inspection and
factory overhaul are mandatory in accordance with manufacturer's
recommendations.

B~oatk~ng air must be free from carbon monoxide, carbon dioxide,
oil vapor, and other impuri ties . The air should be periodically
analyzed to ensure purity for breathing in accordance with the
following specifications:
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Table 8-2. Aiw Purity Speci fications

* Maximum moisture content in compressed air for general use is
saturated. Compressed air for SCUBA used at temperatures below
20' C is 0.02 mg/liter. Particulates including oil in environ-
ments up to 2 atm gauge pressure must not exceed 5 mg/cu m; and
above 2 atm must not exceed 1 mg/cu m.

The following air analysis procedures should be used to ensure
compliance with the above specifications:

Compressed atmospheric air at air pollution-free lo-
cations will be considered to meet the oxygen and car-
bon dioxide requirements without testing. However, the
content may be determined volumetrically with gas analy-
sis apparatus.

::::-:-:'::. Methods of analysis for carbon monoxide  laboratory!:

~ Standard laboratory method of analysis�
iodine pentoxide method.

~ Alternate laboratory method of analysis--
infrared spectrophotometry  subject to
periodic calibration of test equipment by
standard method!.
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~ Method of field analysis for carbon monoxide�
NBS colorimetric tubes.

Oxygen content must be determined by gas chromatograph,
standard volumetric gas analyzer, electrometric analyzer,
thermal conductivity analyzer, paramagneti.c-type analyzer,
or color-indicating tube.

Carbon dioxide content must be determined by gas chroma-
tograph, titrimetric analysis, standard volumetric gas
analyzer, or color-indicating tube.

'':: Liquid water, oil and particulate matter content in a
cylinder of air can be determined by supporting a cylin-
der, valve-down position, for 5 min at room temperature.
The valve is then slightly opened and air is allowed to
flow lightly into a clean glass container. Condensed
water  and oil! may be seen on the glass surface. Other
methods to test for water include electrolytic monitor,
piezo electric hygrometer, standard dew point apparatus,
or electrical conductivity. An alternate oil test is
ultraviolet spectroscopy.

:::::. Field tests for visible dust, oil, and water may be made
by passing 5000 cc of air through a white-sieve membrane
filter. If there is no visible material present on the
filter, the air is considered to meet specifications.

::: Odors may be determined by sense of smell.

--:, Total volatile hydrocarbons must be determined with a
total hydrocarbon analyzer.

6 5 AIR REQUIRENENTS

The diver must be provided with an adequate supply of pure air.
Dive duration is determined by the volume of air contained in
the SCUBA cylinders. Air consumption is a function of depth,
exert~on level, water temperature, and individual physiological
variations. The theoretical duration of air supply in a stan-
dard SCUBA cylinder at various depths for five levels of exer-
tion is given in Table 6-2,

Air consumption may be calculated for various depths and levels
of exertion by using the formula
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Total Duration of Air Supply at
Each Depth by Exertion Level

1, 2, 3

Depth Pressure No-Decompres-
sion Limits

Very
Heavy

Very
Mild Nil d HeavyModerate
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0
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40 2.21 200
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5.24
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6.15

6.46
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6.75
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Theozetica.Z Lhu'ation of Aiz SuppZy in a S~C'aud,
Single, Open-Ciz'cuit SCUBA Cylinder at Vm'iaus Depthe
foz Five Levels of Fxez'tion, vith No-Decompzession
Zivri ts 2neZudecf for Comparison

Tab Ze 8-2.
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Footnotes, Table 6-2

No allowance for time taken in descent or ascent, nor for tem-
perature changes.

2All figures are average values for persons in fairly good phys-
ical condition; there is considerable individual variation.

3To simplify dive planning, these times may be used as "total dive
time equivalents"; this allows a minimal air supply safety factor.

4Computed with use of a constant; average respiratory minute
volume for each level of exertion; very mild, 0.64 ft3/min;
mild, 0.81 ft /min; moderate, 1.1 ft3/min; heavy, 1.4 ft /min;
very heavy, 2.1 ft3/min  based on US Navy, 1963; Lanphier and
Dwyer, 1954!.

5Values derived for standard cylinder of 72 ft capacity, charged3

to 2475 psi  includes + 10 percent!; for standard cylinder charg-
ed to 1800 psi and US Navy aluminum cylinder charged to 3000 psi,
multiply by 0.85 and 1.39, respectively; for twin cylinder SCUBA,
multiply by 2.

6Modified f rom Dewey �962!, page 817.
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where D is depth in feet, Cs is surface equivalent consumption,
and C is consumption at depth. Cd will vary with water temper-
ature, exertion level, physical condition, etc. The average Cs
for moderaty exertion levels is 1 ft3/min. This factor may vary
from 0.5 ft~/min  light exertion in warm water! to 3 ft3/min or
more  heavy exertion in cold water!. For example, the cubic-
feet-per-minute air requirements for a SCUBA diver doing moderate
work at 99 ft may be calculated,

1 = 4 ft3/min

However, a diver performing heavy work in cold water at a depth
of 132 ft may require 15 ft3/min,

3 = 15 ft3/min

A simplified procedure for rapid calculation of air consumption
at depth  Cd! is given by the formula

P,  C,! = Cd ,

where Pa is ambient pressure at diving depth in atmospheres  round-
ed to the nearest 0.5 atm!. For example, air consumption under
heavy exertion at a depth of 75 ft is found as follows:

3.5 �! = 7 ft /min

Total dive time on a given volume of air is found by the formula:

V

d

where V is the volume of gas available and Tt is total dive time.
Although th diver will likely use less air during the time spent
in descent and ascent, calculation of total dive time  Tt!, which
includes bottom, ascent, and decompression times, provides for a
slight safety factor. Moreover, this is the simplest procedure.
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Although SCUBA divers are encouraged to remain within "no-decom-
pression" limits, occasiona11y a decompression dive will be re-
quiredd with SCUBA. Total di ve air requirements  Ct! may be
calculated using the formula

d b 10 20 30 ta

where Cd is consumption at depth; Tb is bottom time; Ta is
ascent time from bottom to first decompression stop; and T
T20, and T30 are decompression times at 10, 20, and 30 ft, re-
spectively. For example, the calculation to determine the total
air requirement for a 25-min bottom time, moderate exertion dive
to 130 ft is

5�5 + 2! + 10 = ]45 ft

Assuming that the diver's cylinders contained only 132 ft3 of
air, the diver would have to e~ther

1. shorten bottom time by 3 min  preferable!, or

2, provide auxiliary air for decompression  always
recommended for a decompression dive, whether one
plans to use it or not!.

If the diver is working in a situation where i t is not possible
to provide an auxiliary air supply at decompression stops or he
wishes to complete the dive on only the air in his cylinders,
the following procedure may be used:

1. Calculate total air requirement for ascent and
decompression.

2. Subtract this sum from the total volume of air

available in the SCUBA to give the volume avail-
able for remainder of dive.

3. Divide the remaining volume by Cd to determine the
maximum time allowable before the diver must begin
ascent.

For example, deter~inc the maximum bottom time for a 130-ft dive
assuming a volume of 132 ft3 air in the cylinders. Using the
formula,

Cd Ta! T10 + 1 5T20 30 a'
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where C is total air consumption during ascent and decompression.
Then

5�! + 10 = 20 ft

132 - 20 = 112 ft .
and

Therefore,

� = 22 min allowable bottom time  approximately!.112

5

Cd T ! T10 + 1.5T20 2T30a 'r ~

where k is the constant for a given SCUBA cylinder and Pr is the
pressure gauge readout. Using the previous dive example,

52 +10 � 700 Ib/in  approximately! .2

Therefore, the diver using a double-cylinder SCUBA �1.2 ft cyl-
inders! must terminate at a minimum readout pressure of 350 lb/in2
since this is 350 lb/in2 in each cylinder.

6,6 QI C~TrON OF ArR LtOLUW AT VARrOLjS Cn.iteER PRESSuaES

Occasionally self-contained divers are required to dive wi th par-
tially filled SCUBA cylinders. For proper dive planning, the
exact volume of air avaiIable may be determined using the formula

where Po is cylinder gauge pressure, Pr is the rated pressure, Vr
is rate6 cylinder volume, and V is the volume of fxee air in the
cylinder. For multiple cylinder units, multiply V by the number

Another excellent method of determining when the diver must start
ascent based on air requirements for ascent and decompression is
by SCUBA pressure readout. For exampfe, in the previous example
a total of 20 ft3 of air was required for ascent and decompression.
To calculate the minimum readout pressure that would still allow
the diver sufficient air to ascend, use the formuwa:
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of cylinders. For example, the volume of free air contained
in a standard 71.2 ft3 cylinder at a gauge pressure of 1600
lb/in2 is

~ �1.2! = 45.6 ft

To simplify the calculation of remaining volume, a "constant"
may be used as follows:

P  k! = Y
g

where the constant  k! is V /Pr. The following are constants
for SCUBA cylinders currently used:

Approximate values, generally adequate for most SCUBA diving cal-
culations, may be determined by using k rounded to the nearest
.01, i.e, .0288 = .03.

6.7 ACCESSORY EauI~

See Figure 6-9a, b.

6s7i1 FACE FLASK

The face mask  Figure 6-9b! provides increased clarity and visibil-
ity underwater by placing an air space between the eyes and the
water. There are two general classes of face masks: the separate
face mask and full-face mask. The separate face mask, covering
only the eyes and nose, is normally used for diving with SCUBA
equipped with a mouthpiece or for skin diving. Ful1-face masks
are used with specific SCUBA and surface- or tether-supplied ap-
paratus. These systems will be discussed later.
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Figur'e 6'-9. Accessory Equipment for Skin an2 SCUBA Diving:
 a! Basic S'kin Diving Outfit;;  b! %asks  Photos

Some> s!
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The face mask consists of a faceplate, a frame  face blank or
body!, and a headstrap. Faceplates of shatterproof, clear glass
are recommended. Plastic faceplates are subject to discolora-
tion, abrasive damage, and considerable fogging during dives,
The frame is a flexible rubber carrier designed to hold the face-
plate and provide a watertight seal, The major portion of the
frame should be of sufficient rigidity to hold the rubber plate
away from the nose. The rubber edge should be soft and pliable
enough to ensure perfect fit to the contour of the face and com-
fort; however, it must be sufficiently rigid to retain its
shape. This edge may be fashioned of tapered neoprene rubber
or thick foamed-neoprene rubber. A noncorrosive, adjustable,
metal retainer band is required to secure the faceplate in the
frame. An adjustable rubber headstrap liolds the mask to the
diver's head. This strap should be approximately 1 in. wide and 
or split at the rear of the head for better security and comfort.
The headstrap should be secured to the metal retainer band or
frame by metal strap anchors which facilitate adjustments and
prevent slippage of the strap.

A mask may be equipped with a nose-blocking device to facilitate
equalization of pressure during descent. Three basic types of
nose-blocking devices are: �! a foamed-neoprene rubber pad posi-
tioned below the nostrils for sealing off the nostrils by pushing
upward on the mask, �! finger pockets in the mask frame on each
side of the nose to facilitate pinching the nostrils shut with
the fingers, and �! a formed nose pocket to facilitate pinching
the nostrils. The rubber pad is recommended for use when diving
with neoprene mittens and the nose pocket is desirable for divers
who have difficulty equalizing or for skin divers.

A mask may also be equipped with a purge valve, a device to facili-
tate clearing water from the mask. This purge device consists of
a thin, circular, neoprene rubber, check valve, generally pro-
tected by a vented plastic cover and housing. Llnderwater, this
one-way check valve is held flush against its housing by increased
water pressure. Exhalation through the nose forces water through
the valve from inside the mask. Caution must be taken when select-
ing masks equipped with purge valves since many are subject to
fai lure and leakage. Only high-quality masks with large check
valves are recommended.

Face-mask selection is a matter of individual preference, fit,
comfort, and diver requirements. Masks are available in a variety
of sizes and shapes, ranging from larger, wrap-around models with
side lenses for greater peripheral vision to small, lightweight,
compact models with minimal internal volume.
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Avoid plastic construction, extremely large-size mask, built-in
snorkels, narrow headstraps, and goggles. Purge valves and nose-
blocking devices are optional.

Those individuals who need to wear eyeglasses generally require
some form of optical correction underwater. Large-size prescrip-
tion lenses can be permanently bonded to most faceplates with
optically clear epoxy by an optician specializing in underwater
vision problems. Wi] liamson �969! discusses vision problems and
corrective measures in detail.

The mask should fit comfortably and form an airtight seal on the
face. To test for proper fit, the mask is placed in position with-
out securing the headstrap. The mask is properly sealed if and
when the diver inhales through the nose, it will remain in place
without being held.

Ventilation across the faceplate is generally poor in any mask
and the glass tends to fog easily. To minimize fogging, thoroughly
smear the inside of the faceplate with saliva and rinse lightly
prior to donning. Antifogging solutions such as mild liquid soap
or a special commercial preparation may be applied to the inside
of the faceplate. The faceplate should be frequently washed in de-
tergent to remove oils and film that enhance fogging. If the mask
fogs during use, admit a small amount of water into the mask and
ro11 it across the fogged areas.

6,7,2 SWIV FINS

Swim fins  Figure 6-10a! increase the propulsive force transmitted
from the legs to the water. Used properly, the swim fins conserve
the diver's energy and faci litate all underwater movements. Swim
fins are available in a variety of sizes and designs. Variations
in characteristics include size and shape of foot pocket; size,
shape, angle, and degree of stiffness of blade. Selection of fins
is a matter of individual preference, mission requirements, fit,
and physical condition. Performance is dependent upon fin design,
the style of diver's kick, and the force in which this style is
applied to the water.

In general terms there are two styles of fins: swimming and power.
Swimming-style fins are smaller; lighter weight; and slightly
more flexible than the power style; and used with a wider, more
rapid kick of less thrust. The blade may have a greater angle.
Some utilize an open vent or overlapping blade principle which
gives the swimmer maximum thrust with minimum energy requirements.
This style uses approximately as much force on the up-kick as on
the downward kick. The swimming-style fin is less fatiguing for
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Figure g-7g. Accessory Equipment for Skin ana SCUBA Diving:
 a! Wim Fina  Left to Bight!: Shoe, 2eavy-Duty
Open-Bee Z, Heavy-Duty A@zstabZe, and S'tandard
Ad~'ustabZe;  Z! SnorkeZs  Photos by Somers!
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extensive surface swimming, less demanding on leg muscles, and
more comfortable. This type of fin is recommended for trainees.
Power-style fins are longer, heavier, and more rigid than swim-
ming fins. They are used with a slower, shorter kicking stroke
with emphasis on the down kick. This style fin is designed for
maximum power thrust of short duration with a sacrifice in com-
parative comfort, and is desirable for working divers who are re-
quired to swim while encumbered with multiple-cylinder SCUBA and
heavy equipment. Many divers own both swiming-style and power-
style fins. Buoyant and nonbuoyant models are available in both
styles; this factor doesn't generally affect the quality or per-
formance of the fin.

Swim fins are avai1able in open- or enclosed-hee1 models. Open-
heel models are recommended f' or use with coral shoes or rubber
boots. They are much easier to don and fit more comfortably.
The open-heel models have either an adjustable strap or a one-
piece nonadjustable strap. Adjustable strap models are designed
to accommodate a wide range of foot sizes; however, they are
less comfortable when worn without foot protection.

The strap buckle must be sturdy and designed to hold the strap
securely in place. Since open-heel fins have a closed toe
section, the fin must be properly sized to prevent cramping of
the toes. Open-heel fins are generally larger and stiffer than
closed-heel models. CIosed-heel fins are often used for diving
in warmer climates where exposure suits and boots are not re-
quiredd. Even in warmer waters some divers prefer some sort of
foot protection  socks or boots! to prevent chafing and blisters,
especially if they wear fins for long periods of time.

Basically, the fin must fit comfortably. It must be properly
sized to prevent cramping or chafing. Furthermore, the fin must
match the individual's physi ca1 condition.

6.7.3 SNQRKEL

The snorkel  Figure 6-10b! is a J- or L-shaped rubber or high-
impact plastic tube which enables the diver to breathe while
swimming on the surface, without movi ng his head. For efficient
and easy breathing, the tube diameter should be 5/8 in. or larger
and not exceed 15 in. in length. The mouthpiece should be pli-
able and nonrestrictive with a cross-section that is approximately
equal to that of the tube. Snorkels with valve mechanisms are
not recommended. Contoured, large-tube snorkels are popular for
skin divers. These offer minimal resistance to breathing and
swimming.



6-41

Most self-contained divers carry a snorkel to facilitate surface
swimming when the SCUBA air is depleted. Many divers carry the
snorkel attached to the mask strap while SCUBA diving; however,
the diver should be careful to prevent accidental dislodging of
the mask. A "flexible" lower tube is adv1sable if the snorkel
is attached to the SCUBA diver's mask. The snorkel may be more
safely carr~ed on a lanyard or under the knife strap.

6i 7i4 LIFEJACKET

A carbon d1oxide or a1r-inflatable yoke-type lifejacket  Figure
6-11! is mandatory for self-contained divers. It 1s one of the
diver's best safeguards against drowning, especially in rough
seas or when highly fatigued. However, it is not and must not
be used as a substitute for swimming ability and physical f1 t-
ness. The lifejacket must be designed so it can be inflated by
manual activation of the gas cylinder or an oral tube. The only
acceptable lifejacket is the "yoke" type, wh1ch holds the d1ver's
head clear of the water when inflated even if the diver 1s un-
conscious. L1fejackets should be lightweight, relatively com-
pact, rugged, comfortable, and provide maximum flotation. Neo-
prene-impregnated nylon is a desirable fabric. The UDT-type
lifejacket  Figure 6-lla! is recommended for surface swimming
and self-contained diving. This jacket is fitted with a 19-g
C02 cylinder and is capable of lifting approximately 19 lb from
18 ft. The harness arrangement on this lifejacket has proven
most sati sfactory. Some vests are f1tted with multiple C02 cyl-
inders, pressure relief valves, and oral tubes located at the
back of the neck.

The compressed-air lifejacket  Figure 6-lib! is similar in de-
sign and construction materials; however, 1t is considerably
more bulky and has a greater capacity and buoyancy. A com-
pressedd-air cylinder, refillable from a standard SCUBA cylinder,
provides gas for manual inflation. This vest is fitted with
pressure relief valves to faci11tate purging excess gas dur1ng
free ascent. A flexible tube is f~tted to the vest at the back
of the neck. With proper tra1ning and practice, the diver could
use this tube  equipped with a mouthpiece and special valve
mechanism! for breathing during an emergency ascent. A com-
pressed-air lifejacket should not be used by an 1nexperienced
diver. Its capacity for rapid 1nflation and ascent demands re-
spect and careful handling. For a detailed discussion of com-
pressed-air vest, see Tzimoulis �971, 1972! and McIlenney �968!.

Lifejackets are frequently used as "buoyancy compensators" to
compensate for improper weighting of the diver and wet-suit
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Fipa'e 8-12. Li fejackets and Buoyancy Compensators:  a! Stan-
daz'd Yoke-Type, CO> Tnflatab2e Lifejacket  UDT
Type! Designed foz US Navy Underwater M&nmers;
 b! Yoke-Type, Compressed-Air Znflatable Li fe-

jacket;  c! Plastic Gallon Container mth Snap
Hook for Buoyancy Compensation  Photos by Somezs!
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compression at depth. Care must be taken to prevent overinfla-
tion and subsequent loss of control during ascent. Also, oral
inflation and deflation procedures must be mastered under con-
trolled conditions pri or to use in deep water. The compressed-
air vest is desirable since buoyancy compensation can be accom-
plished by a burst of air from the cylinder rather than oralty.
Never use a lifejacket to compensate for extreme overweighting;
remove weights from the belt. The lifejacket should only be
used to compensate for a few pounds of excess weight. Some
divers also use a small plastic container for buoyancy compen-
sation. A gallon container  Figure 6-llc! will provide approxi-
mately 9 lb buoyancy. The container is carried in the diver' s
hand or snapped to the cylinder harness in a convenient location.

Since the lifejacket is essentially a piece of lifesaving equip-
ment, it should be maintained accordingly. Rinse and inspect
the lifejacket after each dive. Periodically inspect and lubri-
cate activator mechanism. The gas cylinder should be checked
prior to each dive and the cylinder threads lubricated. Periodic
activation and inflation tests are recommended. The need for pre-
ventive maintenance is increased when vests are used as "buoyancy
compensators." Water must be drained from the lifejacket follow-
ing each dive and the inside rinsed, activation tests must be per-
formed more frequently. Periodically inflate the lifejacket and
check for leaks by immersing it in water. Small holes may be
repaired using an appropriate cement and pieces of similar ma-
terial. lifejacket maintenance procedures are further discussed
by Church �97G!.

The procedure for dissassembly, inspection, and reassembly of the
UDT-type lifejacket used at The University of Michigan is as fol-
lows:

Remove COZ bottle from the COZ inflation assembly.

Remove COZ inflation assembly securing nut with
9/16 box wrench.

Remove rubber washer with scribe, taking care not
to tear it if passible.

Remove COZ inflation assembly from inflation chuck.



::-:.5<.':; Using a drift punch, remove drift pin on which
operation handle pivots.  Caution: Pin will only
come out one way; use drift on small end of pin.!

Remove the operation handle from the assembly.

Remove the firing pin and spring from the channel
in the inflation assembly, using a special punch.

Inspect for corrosion, clogging, wear, and broken
parts.

Inflate lifejacket by means of oral inflation tube
and water check for air leaks as follows:

a. The lifejacket must be c'2ean snd dZp. If
necessary, use a chemical cleaner such as
Tolfuol; apply two to three coats with a
brush. Do not attempt to smooth chemical
film after drying has started.

b. Apply one coat of cement to neoprene  smooth!
side of patch. Let dry and apply a second coat.

c. Let the second coat of cement partially dry
until it becomes tacky, and then place a
patch over puncture. Squeeze or roll out
any air bubbles that may be present.

d. Apply pressure to patch by placing a weight-
ed object on top.

e. Twenty-four hours minimum is recommended for
patch curing at. no less than 70o F. Complete
curing will require two to three days. It
is recommended not to apply full pressure to
the vest before that time elapses.

:f9:',: 'Carefully clean all parts of C02 inflation assembly
with steel wool or a wire brush, using a solvent if
necessary.

Wire-brush the threads of inflation chuck on jacket.

:,$2,::.' Wire-brush the threads of C02 cylinder  hand brush
only; do not put on a powered-wheel brush!.
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::f9'+ Lubricate the following parts with waterproof
silicone grease:

a. firing pin,

b. firing pin channel,

c. operating handle,

d. operating handle slot,

e. base and threads of inflation
chuck,

C02 cylinder threads,
g. threads in top of C02 inflation

assembly.

Replace firing pin and spring in firing pin channel.

Replace operating handle, taking care to have the
arm of operating handle on correct side of inflation
assembly.

'X$,.' Replace drift pin connecting operating handle to
inflation assembly, taking care to insert pin properly.

4g::.:. :Check operation of firing pin and spring, by working
operating handle. If pin or spring is faulty, re-
place with new part.

X8:::.- 'Replace inflation assembly on inflation chuck.

X9-::.': Replace rubber washer.

R{3:::.' Replace assembly securing nut and tighten snugly with
9 /16 box wrench.

I~sert specially adapted CO2 bottle in the inflation
assembly and inflate lifejacket with compressed air
to test inflation device C02 passages.  A COp cylin-
der may be used if special inflation assembly is un-
available.!

6 7,5 KNIFE

The diver's knife  Figure 6-12a! is his safeguard against entanglement
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Fight'e 6'-12. Aver 's Knife and TooL;  a! Standard Knife and
Leg Scabbard;  b! Diver Rearing Knife on 1~side
of I;eg to Minimize Snagging;  c! Combination
Knife and Pry Bar  Photos by Somers!
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and serves as a valuable tool. It should be made of high-quality,
noncorrosive metal. The blade is 5-7 in. long and approximate'ty

in. wide. One si de is a sharp edge and the other is serrated.
The serrated edge is particularly useful for cutting water-soaked
fiber lines and even lightweight cable. A large, contoured handle
with a metal protector at the base is desirable. The knife is
generally carried in a plastic scabbard attached to the diver' s
belt or 'leg. Placing the knife on the inside of the leg  Figure
6-12b! lessens the possibiwity of snagging it on line or plant
growth.

A "diver's tool"  Figure 6-12c!, which is a combination knife and
pry bar, is very useful in scientific work. Diver's knives and
tools should be washed in fresh water after the dive and metal
parts treated with a light coating of oil or silicone.

6.7,6 RIGHT ALT

A weight belt  Figure 6-13a! is frequently required to offset nat-
ural buoyancy or the buoyancy of a diving sui t. Buoyancy factors
will be discussed later. The belt is generally constructed of
2-in. nylon webbing with a quick release buckle. A "positive-
release" buckle  Figure 6-13b! is recommended since once it is re-
leased, it cannot close again. The "positive-tension" type has
special applications, e,g., cave diving. Molded-lead weights are
attached to the belt. Weights are available in 1- to 10-lb sizes,
although 2-, 3-, and 5-lb sizes are used most frequently. Con-
toured hip weights  Figure 6-13a! are more comfortable; however,
they limit weight adjustments. Always wear the weight belt over
all other equipment so it can be readily released without obstruc-
tion.

6,7.7 kTCH

A watch  Figure 6-14! is essential to the SCUBA d~ver for deter-
mining bottom time, controlling rate of ascent, and navigation
timing. It is mandatory for dives below 50 ft. The diver' s
watch must be pressureproof and waterproof; a screw-type seal-
ing crown is recommended. It should have a heavily constructed
case, be highly shock resistant, self-winding, and nonmagnetic.
A black or orange face with large, luminous hands and dial is
necessary for utmost visibility in deep water. An external,
self-locking bezel is required for registering elapsed time. A
heavy-duty band of plastic, rubber, or metal is desirable.
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Figure 8-18. Veight Belts for Skin and SCUBA Divers;  a! W'eight
BeLt ~itR Expand&Le Section to Compensate for Vet-
Suit Compression, 8-Lb Weight, and 8-Zb, Contouz'ed
~ip kleig"t,  b! Quick-Re Zease BuckZe  BeLov! and
Spring-~oaded Posi tive-PeZease BuckZe  <bove!  Photos
bp Somers!

Many inexpensive diver's watches are available; however, experience
has shown that these watches have a tendency to leak and will not
sustain repeated, rugged use. An examp1e of a satisfactory diver's
watch is the Rolex Submariner distributed by the American Rolex
Company. These watches are expensive but they have proven them-
selves through years of satisfactory service. A heavy-duty, in-
expensive metal case is available for use with inexpensive watches
 I=igure 6-15a!. This case has proven satisfactory to depths in
excess of 200 ft. Since the case is not equipped with a bezel,
the diver must set both hands on 12 or record descent time on a
small slate. Do not reLp on memo~.'

All diver's watches should be washed in fresh water after use in
salt water and serviced regularly i n accordance with manufacturer's
recommendations,

6,7,8 jDEPTH INDICATOR

Self-contained divers must continuously monitor their depth for
decompression and air consumption purposes. If the depth is
constant and the diver is working in a limited area, a sounding
line or fathometer will give indication of depth. Generally,
self-contained divers move around the area, and the depths at
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Iicpue 6'-24. Accessory Equipment for Skin and SCUBA Diver8.
Decompreseion Meter, Depth Indicator, and Under-
water Vatch  Photo by Somere!

which they work may vary considerably during a single submergence.
This necessitates the use of a self-contained depth indicator
 Figure 6-15b, c!.

Depth indicators available at present are generally of the open
or sealed Bourdon tube, diaphragm, or capillary type. The open
Bourdon tube depth indicator consists of a spiral-shaped metallic
tube with one open end. This tube is contained in a metal case
with the open end exposed to the external water. The closed end
is connected, by linkage, to a pointer which rotates around a
calibrated dial. The water enters the open end of the tube and
pressurizes the bore. The differential between the bore and the
sealed case causes the tube to deflect from the original shape;
this movement is transmitted to the pointer. The sealed Bourdon
tube depth indicator is completely enclosed in oil-filled, neo-
prene-metal and neoprene housing  Figure 6-l4!. The water pressure
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Aooessom Fquipment for Skin
ana SCU=~l Divers:  a! h'atch

in Heavy-Duty, ~ia 'er pro �=
Case,  b! Cap~.'~ Kary-2'ype
Depth 2ndiaator';  c! Dia-
phr,zgm-Contr oi- ~en 'Jeohanism
Depth Tn'ioator;  d! iJnder-
vater o,.as,.  Pr~otos by
Somer s!
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acts upon the housing, which is flexible and functions as a
diaphragm. This allows the sealed Bourdon tube to be subjected
to the ambient pressure. This type of gauge is subject to error
because of temperature change, permanent set of the tube induced
by impact or shock, and corrosion of the tube. With proper care
and adequate maintenance, these gauges will operate satisfactorily.

The diaphragm-controlled mechanism gauge  Figure 6-15c! is
basically composed of a pocket of dry air, separated from the
surrounding medium by a metal membrane. The pressure differen-
tial between the air pocket and surrounding medium moves the
metal membrane, which by linkage moves the pointer. This type
is reasonably shock resistant and is not affected by internal
corrosion as the open Bourdon tube type. However, it is sub-
ject to temperature variation.

The capillary-type depth i ndi cator  Figure 6-15b! consi sts of a
tube closed at one end and secured to a calibrated dial. As
the diver descends, ambient pressure forces water into the tube,
thus compressing the entrapped air. The water level indicates
the depth. This type of depth indi cator is inexpensive and
relative'Iy accurate in shallow water  to 60 ft!. The diver is
cautioned against jump-type entries which may force air and water
into the tube with a subsequent broken water column and false
readings.

The depth indicator is genera11y secured to the wrist of the
di ver by a heavy plastic or neoprene strap. The case should
be of heavy meta1 or neoprene with a thick Plexiglas port. A
large dial is desirable wi th the numbers, calibrations, and
needle coated with radium paint to permit ease of reading in
dark water. The gauge should be calibrated from 0 to 200 ft
 or deeper, depending on mission requirements!. Depth gauges
are generally calibrated for salt water. When using them in
fresh water, multiply the reading by 1.025.

After use, particularly in salt water, depth indicators should
be rinsed in fresh water. The depth indicator should be pro-
tected from physica1 abuse; stow and transport in separate pad-
ded container. All depth indicators should be periodically caI-
ibrated by checking against a measured line or pressurizing in
a chamber.
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6,7,9 SAFE LINE AND EEL

A safety or lifeline  Figure 6-16! is the cave diver's only de-
pendable link with the surface. In addition, a line and reel
are useful in search and recovery work and as a distance line
on decompression dives.

The line reel should be of simple design, lightweight, foulproof,
rugged, easy to handle, and dependable. The line should reel off
smoothly and effortlessly without backlash. Thus, when the diver
stops pulling off line, the reel stops. The diver should be able
to rewind the line with a minimum of' effort and no fouling. lJn-
ti 1 recently, nearly all diving reels or "line retai ners '  see
Figure 6-16 and also Figure 6-18b! were in individual design and
construction. How a satisfactory safety line reel  Safline Reel!
is manufactured by the Ideal Reel Company of Paducah, Kentucky.
A detailed description and evaluation of the reel has been pub-
lished by Tzimoulis �968!.

Figure 6-26. Safety Jim ~ Reel  Photo by Somers!
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The Saf line reel accommodates 100 ft of 1100 lb test, 200 ft of
525 lb test, or 400 ft of 315 lb test braided nylon line. Nylon
is the first choice for diving safety lines due to its high
strength versus size ratio and resistance to rotting. A line of
525 lb test is considered as minimum and 1100 lb test is used for
adverse conditions. The increased diameter is easier to handle
as well as stronger. To traverse long distances, each diver can
take a reel and simply use several reels in series. The junction
between these lines must be secure. Some cave divers do prefer
to use a lighter line contained on one ree1. One cave diving
roup requested 1200 ft of 160 lb test line on a single reel
Ideal Reel Company, personal communication!; the use of ex-

tremely light line is not recommended.

Reels and lines should be inspected prior to each dive. After a
dive, unreel the safety line to dry and inspect for damage. If
the line shows signs of damage or weakness, it should be replaced.

6.7, Z UNDERWATER LIGH1S

An underwater light  Figure 6-17! is necessary for cave diving,
night diving, and working around submerged objects where sun-
light is cut off. Do not expect a light to aid in murky or dirty
water. In fact, under these conditions a light will give an un-
desirable effect due to reflection on suspended particles, much
the same as auto headlights in a fog.

Early model hand lights were frequently inadequate in candlepower,
sealing method, resistance to pressure, and dependability. Now
there are several underwater lights available that are brilliant,
strong, and reliable. Most major diving equipment manufacturers
or distributors offer one or more models. Basically, most under-
water lights are constructed of a durable plastic case with a
pistol-grip handle, plastic headpiece, removable 0-ring between
the case and sealed beam lamp, switch, and internal wiring system.
A 6-volt spring or screw terminal lantern battery powers the seal
beam lamp producing about 40,000 candlepower. A few brass or
aluminum case models are available, and some are powered by stan-
dard "D" or nickel cadmium batteries. Lentz �967! summarizes
standard diving lights and their construction.

A highly satisficatory underwater light is the Dive Bright 500
B  Figure 6-17a! by the Allen Engineering Company of Belmont,
Ca1ifornia. This light features an extremely durable aluminum
case, anodized, and painted with epoxy paint, and a 1/2-in. 0-
ring-sealed, optical-grade Plexiglas lens. The light utilizes
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ten standard size "l3" or nickel cadmium batteries to deliver
more than 80,000 candlepower. A hermetically sealed internal
reed switch is operated with a permanent magnet affixed to the
exterior of the case; there are no case penetrations. The
light weighs 1 lb in water. All components are easily replaced
if repairs are necessary. Excellent, moderately priced, re-
chargeable, nickel-cadmium-powered lights are also available.

Underwater Hand Lights:  a! Oive Bright 600,
Powered by Ten Standard "D"-Cel l. Batteries,  b!
Illicit.eZ Cadmium Batterie" and Seal Beam Underwater
Light, Designed by Somers  PAoto by omers!

Many experienced Florida cave divers design and construct their
own lights from nickel cadmium batteries and seal beam lamps
 Figure 6-17b!. This unit is powered by six nylon, 1.25-volt
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nickel cadmium, wet-cell batteries. The bulb used is a standard
6-volt automobi le spotlight sealed beam. The battery is built by
connecting the six cells in series, positive to negative, with
wire or metal connectors. The cells are held together by wrap-
ping with plastic tape. The seal beam is contained in a hous-
ing which will protect the bulb and connections and provide a
means of handling the light. Automobile "plug-in" trouble
lamps have been used for this purpose. The 6-volt seal beam
in this unit is also satisfactory for underwater use. A two-
way, weatherproof switch is placed at a convenient location in
the line. A length of two-conductor, insulated wire completes
the unit. The mast convenient wire is a self-coiling, two-
conductor cord. One end of the cord is attached to the posi-
tive and negative poles of the battery and the other to the
seal beam. A DC battery charger is required for charging the
batteries. Charging currents should not exceed amperes re-
quired to charge the cell in a period of 1 hr. These lights
are extremely powerful, but often lack the durability and de-
pendability of better commercial units.

Some cave divers pref'er to use a battery pack attached to a belt
or the SCUBA with a sealed beam unit on an extension cord. After
using many underwater lights of commercial and homemade variet-
ies, I personally favor an underwater light of the Dive Bright,
or equiva'tent, design. A metal housing is desirable for durabil-
ityy, bulbs are cheaper to replace than seal beam lamp units,
and bulb units appear to have the edge in brightness. For the
average diver, the "D" batteries are readily available throuqh-
out, the world, cheaper, and operational maintenance is consider-
ably simplified. The light should be equipped with a lanyard
so it can be looped over the diver's arm if necessary, leaving
both hands free for line work.

After use, all underwater lights should be washed in clean
water and dried. Never leave the lamp head attached to the
battery. This prevents possible "shorting out" of the battery,
whi ch can happen even if the light swi tch is i n the off posi-
tioti. If the battery is contained in a metal or plastic hous-
ing, remove, and stow separately. Inspect before use and keep
a spare switch, bulb, and batteries in diving locker.

6i7,11 OBSERVATION EOARDS

6.7,11.1 PLATE

A sheet of 1/8 to 1/4-in. thick plastic with both surfaces
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roughened with fine sandpaper serves as a writing slate for re-
cording data underwater  Figure 6-18a!. A convenient size is
3 in. wide and 10 in. long. An ordinary pencil  82! is secured
to the slate with a length of nylon or rubber cord. The slate
may be secured to the diver or his equipment by a lanyard.
When a considerable amount of data must be recorded, several
sheets of thin, white, roughened plastic may be used with a
plastic or metal clipboard.

6 7,11 2 INSTRUMENTED 0BSERIJ'ATION BOARD

The combination of several basic instruments used in research
diving into one functional unit has resulted in increased
efficiency for observation and data recording. Instrumented
observation boards generally are built to individual specifica-
tions, the components and dimensions being dictated by mission
requirements. The Dowling �963! board measures 6 x 8 in. and
consists of a

~ writing board;
~ depth indicator;
~ compass;
~ inclinometer;
~ pull-out protractor.  with bubble level on one edge!;
~ ruled edges for ureasurement;
~ bubble levels on two edges;
~ holder for two pencils;
~ rubber straps on back for attaching folding aluminum

 or brass! rule, thermometer, etc.;
~ belt clip,

The body of the unit is constructed of a 6 x 8 x 1-in. sheet
of Plexiglas . The thickness is necessary to provide recesses
for the protractor, inclinometer, and pencils; to allow flush
mounting of the depth indicator and compass; and to provide
sturdiness. The writing area is covered with 1/16-in., rough-
ened, opaque, white plastic. Two adjacent perpendicular edges
are ruled in inches or centimeters, and a bubble level is re-
cessed in one edge. A recessed pull-out protractor, constructed
of 1/2-in. Plexiglas, marked in 1-degree increments, and fitted
wi th a bubble leve1, is hinged to the corner of the board.
The inclinometer, a weighted pointer suspended in a ho'Ilow 90-
degree sector of the body, is marked in 1-degree increments.
Pencils are secured in a recessed hollow under spring tension.
The compass and depth indicator are secured in recesses in the
top of the body. All metal components must be nonmagnetic so
they do not affect the compass. Rubber straps are attached
to the back of the board for securing additional instruments.
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Figure 6-28. Accesso~ Equipment for Skin and SCUBA Divers:
 a! Left to Right: Res+we Light, Unde~ter
SZate vith PenciZ and ScaZe, and MK-13, Nod 0
Day and Night F7cu'e,  b! Line Retainer  Photos
bp Somers!
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The board may be secured to the diver by a special belt clip
or a lanyard, Details of construction and use of the instru-
mented observation board are given by Dowling �963!.

6,7. j2 >4ISTLE

A whistle is a valuable item of safety equipment for signaling
other swimmers on the surface. When carried, it should be
attached to the oral inflation tube of the lifejacket by a
short length of rubber strap.

6.7,U FLARE: f"K-U

The flare  MI'.-13, Mod 0, Signal Distress, Day and Night!  Figure
6-18a! is carried taped to the belt or knife scabbard. One
end of the flare contains the day signal, a heavy red smoke.
The opposite end, which has raised beading around the edge, con-
tains the night signal, a red light, The raised beading enables
the diver to locate the night signal when unable to see. 8oth
ends are activated by means of a pull ri ng. This signal flare
is used as a distress signal or as an indicator of the commence-
ment or end of the phases of an operation. After either end of
the signal has been pulled, it should be held at arms length
and the activated end pointed away from the diver, at an angle
of about 45 degrees. The diver's body should also be upwind
of the signal. At night, the diver should not look directly
at the light because it destroys night vision for several sec-
onds.

The flare will work well after submergence to any standard
di ving depth. The user should, however, change flares at
least every six months or 10 dives, whichever comes fi rst.
In the event the flare does not ignite immediately, waving
it wi 1 1 cause ignition after a few seconds . The flare wi 11
not ignite if pulled underwater.

6.7.14 RESCUE LIe-IT: ACk-LIF

The rescue light  ACR-4F, Fire Fly, Military SDU--5/E!  Figure
6-18a! is carried attached to the diver's belt, harness, or arm.
The rescue light is a compact � 1/2 x 2 x l-in.; 8-oz!, high-
intensity, flashing strobe light with an output of 200,000 peak
lumens per flash, visible for 10 to 15 miles from 1500 ft al-
titudee. It is completely waterproof and will operate submerg-
ed to a depth of 200 ft. With continual use, the light has



an operational life of approximately 9 hr. The operationa] life
can be greatly extended by using the light intermittently. The
special mercury battery has a 5-yr shelf life. If necessary,
the battery can be easily replaced underwater. The unit is de-
signed to withstand heavy impact and shock. Batteries for ACR-
PF rescue lights are available from ACR Electronics Corporation,
551 West 22nd Street, New York, New York 10011.

The rescue tight is designed for emergency use or diver track-
ing at night. The diver should not look directly at the light
because it destroys night vision for several seconds.

6,7, 15 HIRELESS COlvl%NI CAT IONS SYSTEMS

Uoice communication from diver to diver and diver to surface
is required on many research diving operations. Continuous
underwater voice communications great'ly enhances the safety
of the operation as well as the quality and quantity of data
acquisition. Currently, direct acoustic transmission and mod-
ulated carrier systems are used for most wireless units,

Direct acoustic transmission of sound underwater is the simplest
wireless communication method since it involves nothing more
than amplification of the vo~ce and projecting it underwater
through a loudspeaker. The transmission is received directly
by the diver's ears without special receiving devices. Problems
arise with this system because of its very low frequency. Water
noises are hiah and underwater obstructions interfere with trans-
missionn. A loud-speaker uni t of suffi cient capacity to handle
the low frequency and hiah power necessary for long-range trans-
mission is relatively large in size. This factor makes the
system impractical for divers to wear underwater. However,
powerful units may be used under favorable environmental con-
ditions to transmit information from the surface to divers in
the immediate vicinity of the loud speaker. This is useful for
di ver training.

One of the best methods of underwater transmission is the use of
a modulated carrier frequency. Three schemes current'ly used are
amplitude modulation  AM!, frequency modulation  FM!, and single-
s i deband  SSB! ampl i tude modul ation with suppressed carrier.

AM and FM techniques are the same as for ordinary radio except
for the frequency of transmission and the antenna used. In AM
and FM units the voice is picked up from the microphone, ampli-
fied, and used to modulate the amplitude of a higher carrier
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frequency  AM! or vary the frequency of a higher carrier fre-
quency  FM!. The signal is projected and later received by a
transducer  surface station or another diver! for transformation
back into audio or voice frequencies. Carrier frequencies must
be selected to handle the voice frequency band width and trans-
mission characteristics of the water. AN is more widely used
because the higher FN carrier frequencies necessary for voice
transmission have higher absorption characteristics in water
and are limited in range, and FN electronics are more complicat-
ed than AM. An optimum AM carri er frequency, compromising be-
tween water noise and absorption, is about 40 kHz. Compact
units operating on this frequency are satisfactory for a com-
munications range of several hundred yards.

A single-sideband suppressed carrier  SS8! uses a lower fre-
quency to provide greater transmission efficiency and range.
SSB is similar to AM except that after the voice has modulated
the carrier, the carrier is removed, and the resultant signal
is amplified, fi ltered, and transmitted. In the receiver the
carrier must be reinserted to obtain the original voice fre-
quencies. Using a frequency near 8 to 10 kHz, ranges in ex-
cess of several thousand yards have been reported using a self-
contained diver unit. Higher frequencies �8 to 33 kHz! pro-
vide excellent short-range communication.

Self-contained d~ver units and surface units are shown in Figure
6-19. Special lip enclosure mouthpieces or full-face masks
equi pped with waterproof microphones are necessary for proper
articulation when speaking. Waterproof, bone conduction ear-
phones are commonly used.

For more information, consult Hydro Products, a Division of
Dillingham Corporation �969!. Other references are Kenny
�966! and Hollien �967, 1968!.

Many divers are frequently disappointed with the quality and
intelligibility of underwater wireless voice conmunications.
Tests have indicated an upper level of 52.3 percent intelli gi-
bi li ty for selected wireless units  Hollien, 1968!. With
practice and proper procedures, satisfactory results have been
obtained by University of Michigan research divers. Success
is largely dependent on diver technique. When transmitting,
the diver must speak slowly and distinctly, using simple words
and short sentences. He should avoid lengthy and unnecessary
transmi ssi ons . The lip enc1osure mask must be completely free
of water or the listener will receive an extremely garbled
transmission. The d~ver must also be certain that his bone-
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Fi pure 8-29. w'ire2ess Underwater Communicate ons Systems:  a!
Aquasonics Vire2ess System:  left to Right! Nouth-
mask and Reyu2ator, SQi tch, Transrni t ter, Surface
Unit, and Receiver,  b! Underwater Tape Recorder;
 c! Subcom VireLess Communicator  Photos a and b
Courtesy of Hydro Products; c, Courtesy of Subcom
Systems ltd.!
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conduction earphone is placed directly behind or in front of
the ear, If an audio earphone is placed over the ear, unneces-
sary layers of neoprene should be avo1ded. Proper pressure
equa11zation in the diver's ears is necessary to avoid inter-
ference with sound wave action on the eardrum. Diver-to-sur-
face communication will be greatly enhanced if the same sur-
face communications man is used throughout the operation. A
transmission wil1 be 20-50 percent more intelligible to a ten-
der who is accustomed to listening to a particular diver than
a person listening to that d1ver for the first time.

In addition to diver-surface communications units, small self-
contained cassette tape recorders in water proof housings are
used by many research divers  Figure 6-19b!. Utilizing the
same lip enclosure mouthp1ece with a microphone arrangement
as used in the wireless units, the diver can record underwater
observat1ons. A control switch activates the recorder only
when the diver desires to record in order to conserve record-
ing tape.

6,7.16 EQUIPMENT BAGS AND BOXES

A11 divers should have some sort of bag for transporting and
stowing equ1pment. Equ1pment bags are generally constructed
of heavy cotton or nylon canvas, or vinyl with snap, drawstring,
or z1pper opening. Various sizes and shapes are available to
fit the 1ndividual's needs; however, the bag should be large
enough to accommodate all of an individual's gear for normal
diving with the exception of SCUBA cylinders.

Some divers use large, rigid, plastic containers  such as waste
baskets or garbage containers! with tops to transport and stow
gear. Regardless of the type of bag or container, the weight
belt should be placed at the bottom of the container or trans-
ported separately. Regulators, decompression meters, depth
indicators, compasses, cameras, etc. are frequently stowed in
a separate, padded, rigid container for protect1on from abuse
during transport.

When equipment must be transported or shipped long distances,
it is desirable to use shipping boxes. These boxes may be con-
structed of wood, metal, or plastic to individual specifica-
tions. They are extremely useful for stowing gear aboard ship.
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6,7.17 SURFACE FLOATS

Many divers tow surf mats, surf boards, inner tubes, or similar
f1oats when swingeing offshore. The float is used for carrying
equipment, samples, catch, or as an object on which to rest.
It is a very useful item of rescue equipment. The float is
towed on a piece of nylon line which should be coiled on some
sort of ree1 or line retainer. Line 1ength will depend on the
diver's depth and personal preference. The float should be
f~tted with a short pole and diver's flag. A small hook-type
anchor is useful for anchoring in kelp or rock.

Small surface floats, 6-in. diameter net floats or equivalent,
are useful for training purposes or when working near a support
vesse1. These floats enable surface personnel to keep track
of the divers. One float per two-man team is sufficient. These
floats may also be fi tted with a diver's fIag or a small 1ight
for night operations

6.7,18 NET S~LE BASS

Various-sized nylon net bags with top spreaders and handles
are availab1e for carrying samp1es. Large-size bags may also
be used for transporting and stowing equipment.

6,7,19 Dr VER PROPULSION VEHICLE

The diver propulsion vehicle  DPV! is useful f' or se1f-contained
divers who must make 'long-distance underwater survey tracks or
trave1 long distances from a boat or shore base to an under-
water work site. Basica11y, the DPU is a small hand-held cylin-
der with a propeller on one end. The propel ler is driven by
an electric motor supplied with power from rechargeable batter-
ies. The amount of thrust will vary with each model; however,
one popular mode1 delivers 30-35 'lb of thrust at full power.
The power thrust may be varied, on some models, from 5 to 35 lb.
The units are general1y constructed of aluminum alloy. Two
12-volt batteries  in series! provide power for about 1 hr of
operation at full power. The DPY is held by pistol-grip han-
dles forward and below the diver's body so that the thrust
pushes water under the diver, not in his face. McKenney �971!
discusses one such DPV in detai l.
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6.7,20 QeRK DEFENSE DEVICE

When working in areas of high shark populations  Indo-Pacific,
etc ~ !. some self-contained divers carry a device to defend them-
selves against shark attacks. Many use a simple 4- to 5-ft long,
rigid pole with a nonslip blunt end; this is commonly called
a "shark billy." Others carry a 4- to 6-ft Iong pole fitted
with a special chamber and firinq assembly device in which
a shotgun or high-caliber pistol shell is inserted. This
assembly is pushed against the head of the shark, the firing
assembly automatically activates, and the shell is fi red.
Needless to say, these devices may be extremely dangerous if
mishandled.

Recently, a compressed-gas injector device has been developed
and successfully tested. Many individuals feel that this is
the safest and most effective defense against sharks. The
device, known as a "shark dart," consists of a stainless steel,
sharply pointed, 5/16-in,, hollow needle slightly over 5 in.
long; a CO2 cylinder holder; and a firinq mechanism. When
the dart stri kes and penetrates the shark, the C02 cylinder
is jammed against a point and punctured to release the gas into
the body cavity of the shark. The expanding gas ruptures the
shark's internal organs and forces it toward the surface due to
a sudden buoyancy change. The dart may be fitted to the end of
a pole or used as a dagger. Different sizes of cylinders are
used for different depths. For a detailed description, see
McKenney �972!.

6.8 SO HA L'IVINt; PROCEDURES

Basic divi ng procedures have been discussed previously; how-
ever, certain procedures unique to self-contained di ving are
included in this chapter. First, all aspects of the missi on
must be evaluated to determine whether to use self-contained
diving or surface-supplied diving techniques. Environmental
conditions unfavorable for self-contained diving include ex-
tremely poor underwater visibility, strong currents, cold
water, ice cover, and contaminated water. Under these con-
ditionss, use surface-supplied diving techniques if possible.
Self-contained divers should avoid entry in heavy surf. If
dive depth and dur'ation requi re decompression, surface-sup-
plied diving techniques are preferable.
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6,8,j. PERSONNEL

The responsibilities of the diving supervisor, surface person-
nel, tenders, and divers have been discussed previously. Fre-
quently, SCUBA diving operations wi 11 involve only two divers
and one surface crewman. It is unwise to conduct any diving
operation without at least one person remaining on the surface
to aid divers before and after the dive and to tend the sur-
tace vessel.

6,8,2 f,INIMUM EQUIPMENT

The minimum equipment for a SCUBA diver consists of

~ swimsuit,

~ lifejacket,
~ knife,
~ swim fins,
~ face mask,
+ SCUBA.

Many SCUBA divers prefer to carry a snorkel to facilitate sur-
face swimming when returning to the boat or shore with exhaust-
ed air supply. When diving to depths in excess of 50 ft, a
waterproof watch and depth indicator  gauge! are required. A
weight belt is required when wearing an exposure suit. De-
tails on accessory equipment have been discussed.

6,8,3 THE BUDDY SYSTEM

The use of the buddy system is the greatest single safety factor
in self-contained diving. No self-contained diving operation
should be undertaken without the use of the buddy system. This
safety procedure requires that the divers work as a single unit.
Each member of the buddy team is responsible for his partner's
safety throughout the dive. Both have joint responsibility
for completion of the mission assigned. The divers must main-
tain continuous contact with each other. When visibility is
good, sight contact at short range is adequate. However, when
visibility is poor, a short length of line  buddy line! is
necessary for maintaining contact. "Buddies" must learn to
work together and should know and understand a standard set
of signals. It is best to stay within touching distance when
possible wi thout interfering with diver movement.
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6 8 s 4 HAND VISUAL! S I GNALS

Hand signals  I-igure 6-20} are used by self-contained divers
to convey critical information rapidly. The signals recom-
mended by the Underwater Society of America are recommended
as "standard" signals. However, a survey of literature and
interviews with divers from various parts of the United States
reveals discrepancies in the hand-signal system. Consequently,
until there is nationwide and/or worldwide agreement on "stan-
dard" hand signals, the diving team members must agree on a
set of signals prior to the dive. This is best accomplished
by the diving supervisor during briefing sessions.

6,8,5 PRELIM!NARY PREPARATION

In addition to general planning, the following procedures
should be carried out prior to the dive:

.:R:-;::: Gauge cylinders immediately before entering the
water to ensure that there is sufficient air for
the dive.

:::2;:.; Attach regulator and open cylinder valve to de-
termine if there are any leaks in the SCUBA.

.:3::.':: Inhale and exhale through the mouthpiece  or
mask! to ascertain that the SCUBA is function-
ing properly.

.:-'4+:: Inspect breathing tubes, harness, etc. to ensure
that the unit is properly assembled.

,:$-.-'.: Close the air reserve mechanism.

'8."::: ;Inspect lifejacket and its gas cartridge to en-
sure readiness for operation.

7..::;'+:: ,Don accessory equipment

.:8:-:.:: Don SCUBA and secure harness properly to ensure
quick release in an emergency. Diving partner
and/or surface personnel will aid with donning
SCUBA.

Check diving partner's equipment and finalize
 or review! dive plan.
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:',1 !,:�' Prepare to enter the water af ter clearance
from the diving supervisor.

6,8I6 THE PIVE

Hoth divers will enter the water at the same time. Entry tech-
niques will depend upon staging area or type of vessel. Upon
entering the water, the divers will stop at the surface to

~ make a final. equipment check;

~ adjust buoyancy if necessary;

~ check SCUBA operation and inspect partner ' s
SCUBA for leaks,

~ check to ensure that your partner's reserve
mechanism is closed  lever in up position!;

~ report any inadequacies or malfunctions of
equipment to your partner and the diving super-
visor. Convect any deficiencies before making
the descent. If deficiencies cannot be corrected
simply and. immediately, <Sort the dive.

Upon completion of the final equipment check, the divers will
signal each other and the diving supervisor that they are ready
to descend. Mhen the divers are ready, the di ve supervisor will
signal them to commence the dive. The di vers wi 1 1 observe the
following procedures during descent and while swimming underwater:

l::.'-' Descend together. If one diver experiences dif-
ficulties equalizing pressure, the other diver
should stay with him. Although the divers will
set their own rate of descent, exceeding 75 ft/
min is not recommended.

:2.. � A descent line or anchor line should be used when
possible even in clear water. This aids the diver
in maintaining depth and controlling descent for
pressure equalization purposes.

:::3::;.: :When descending without something to facilitate
orientation, some divers experience vertigo, nausea,
and severe disorientation. If these conditions
develop, it may be necessary to abort the dive.
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,",O':::::- :Upon reaching the bottom, the divers must confirm
that everything is satisfactory and immediately
establish orientation. Previously, one diver will
have been designated as leader.

Swim against the current so return to the boat or
starting point may be facilitated by driftiag with
the current at the end of the dive.

-:4".::: If visibility is limited, the divers may wish to
use a "buddy line" and/or a distance line  on a reel!
to facilitate return to the descent line. This is

especially necessary for proper decompression pro-
cedures.

Proceed with the mission and avoid excessive exertion.
At the first sign of increased breathing rate, fatigue,
etc., stop, r'est, mad Ventilate!

Observe proper buddy procedures and follow the dive
plan.

:;9::-.:::;: The diver should monitor his air supply pressure
gauge readout throughout the dive. Terminate when
the low-air warning is evident, if not before.

fo;::." 'When the mission is complete, air supply depleted,
or the dive time is up, the divers should acknowl-
edge to each other that it is time to terminate
and will proceed to the line or ascend directly
at a rate of 60 ft/min. Both divers must ascend
together. Never leave one on the bottom to com-
plete the mission even though he may have sufficient
air. Make decompression stops as previously deter-
mined in the dive plan.

6i8,7 POSTDIVE OPERATIONS

The divers should be helped from the water and with removal
of equipment by surface personnel. Observe the divers for signs
of sickness or injury resulting from the dive and commence warming
procedures as soon as possible. Undertake preventive maintenance
of equipment as soon as possible after the dive. The divers
should report any defects noted during or after the dive and
the defective equipment should be tagged for corrective main-
tenance.
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6,8,8 lJNDERNATER kAVIGATION

Establishing and maintaining orientation underwater is essential
for the safety and efficiency of any SCUBA diving operation.
Sense of direction is easily lost underwater, especially when
visibility is limited and the diver is unfamiliar with the area.
Orientation begins at the surface and continues throughout the
dive. Proper underwater navigation entails �! establishing
surface orientation relative to the underwater area to be ex-
plored and arriving at the bottom with a fixed reference point
in mind, �! establishing orientation on the bottom in reference
to this f~xed surface point and bottom features, �! steering
a reasonably accurate course on the bottom, and �! returning
to a predetermined point. The fixed reference point on the sur-
face may be a boat, shoreline feature, or man-made structure,
Underwater, the reference point may be a prominent natural
feature such as a reef area; a man-made structure such as
pipeline, cables, or an anchor; the general ripple mark trend;
the current; or a combination of these factors. For example,
if the ripple marks are orientated parallel to shore, the diver
may determine his orientation with respect to shore by observing
the ripple marks and relative depth. It should be emphasized,
however, that ripple marks are not always orientated parallel
to shore and that their orientation should be checked with a
compass.

Self-contained divers commonly use a liquid-filled magnetic
compass  Figure 6-15d! for underwater direction finding and
navigation. Generally, the compass is secured to the diver' s
wriest; however, it may be carried fastened to a compass board
or observation board. A diver's compass should have the follow-
ing features: �! correct dampening action, �! liquid filled,
�! the compass rose marked in degrees, �! lubber's line show-
ing direction over the face, �! a course setting line, and
�! a movable bezel. A good compass will respond rapidly to
even slight course changes and have a high degree of luminescence
for use in dark water.

The wrist compass is generally placed on the wrist  right for
right-handed and left for left-handed persons!. Other metallic
objects that might cause deviation, such as watches, depth gauges,
and decompression meters, should be worn on the opposite wrist.
When using a compass, the diver will first obtain a bearing in
degrees to his target relative to maanetic north. While sight-
ing on the target, rotate movable bezel until the parallel
lines an the compass face  movable! are aligned with the North
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needle. The bearings, in degrees, will be indicated at the end
of the North needle. To maintain proper direction while swim-
ming, the diver must keep the North needle aligned with the
parallel lines on the compass face.

When swimming underwater, the "compass-lock" position is recom-
mended. In this position the arm without the compass is ex-
tended straight in front of the diver, the diver bends his com-
pass arm 90 degrees at the elbow, and then grasps the extended
arm near the elbow. This places the compass directly in front
of the diver's eyes and aids in keeping the diver's body on a
straight line. The two most serious mistakes when using a com-
pass are failure to keep the lubber line parallel ta the longi-
tudinal axis of the body and the diver looking down at the com-
pass instead of sighting over the compass. The diver must keep
his body straight and swim in a straight line if he hopes to
navigate accurately.

The use of a compass board will greatly improve accuracy on
long underwater swims. US Navy Underwater Demolition and SEAL
Team swimmers generally operate well within a 1.3 percent mar-
gin of error relative to target  Hemming, 1970!; good wrist
compass accuracy is about a 5 percent error factor, The compass
board is constructed of 1/4- to 1-in. marine plywood, hardwood,
or sheet plastic  Plexiglas! with dimensions of approximately
8 x 10 in. One end is rounded to give a more hydrodynamically
efficient shape. Better quality compass boards are designed
and constructed to be neutral in sea water. The compass may be
mounted permanently or the board can be slotted in order to
utilize the wrist strap and facilitate easy removal for conven-
tional use. The compass is mounted at the middle of the board
directly on the center line. A depth indicator; watch; small,
waterproof light; decompression meter; or lanyard may be in-
cluded in various configurations at the diver's discretion.
Hand slots may be cut on each side to facilitate handling.

While swimming, the compass board is he1d firmly in both hands
parallel to the intended direction of travel. The elbows are
pressed against the sides of the body for stabilization and the
compass board is held about 1 ft in front of the mask. When
using a luminous dial compass at night, the compass board may
have to be held closer to the face. Prior to submerging, a
visual sighting on the target is made and the compass is set.
Underwater the compass is observed throughout the swim. If
the compass board also includes a depth indicator and watch,
these instruments are scanned systematically along with the
compass.
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Assuming that the diver has swum a straight course, he can re-
turn to his or~ginal point of entry by following a course 180
degrees opposite his original course bearing with an accuracy
of +5 degrees.

Basic pilotage and dead reckoning navigation can be used by
divers. The simplest method of navigation is pilotage. This
involves establishing a position in relation to known features
and plotting a course toward a destination from a known position.
The diver simply determines the bearing and swims on course to
a specific point or area. Dead reckoning, however, requires
following a compass bearing in a specific direction, taking
into account speed and time. An estimated time of arrival  ETA!
may be computed.

Approximated distance or time required to swim between two points
may be determined by the simple formula: Speed x time = distance.
Thus, an ETA can be determined. Distance traveled underwater can
be determi ned by time or counting the number of' ki cks . On the
average, at normal swimming level, a diver wearing a wet suit
will travel 2.5 ft/sec or 3.25 ft per kick cycle. The same diver
without a wet sui t will travel 3 .6 ft/sec or 4 ft per kick cycle.
The individual can measure his own underwater swimming rate by
swimminq a given course and recording the time and number of
kicks. An average of several swims shou'ld be used.

6 9 EMERGENCY PROCEDURES

Emergency situations occasionally arise on even the best planned
and supervised underwater operations. Nany of these emergencies
are the result of failure to observe some safety precaution;
others are unforeseen and unavoidable. Very few underwater
emergencies are so desperate as to require instantaneous action.
Take a few seconds to think! Instinctive actions are seldom
right. They may prove to be blind impulses brought on by
panic. Adequate training will prepare the underwater swimmer
for almost all emergencies, provided that he keeps his head.
Do not panic and, above all, never abandon your breathing appara-
tus underwater unless ascent is impossible without doing so.

6,9.1 EmeUSTION OV P~IR SUPPLY

This should be no problem to the properly trained and equipped
diver. When breathing resistance becomes noticeable, simply
open the air reserve mechanism and start ascent. Even if the
reserve fails, increased breathing resistance prior to exhaustion
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of air supply gives some warning. Do not panic and ditch the
SCUBA! The reduction in pressure and subsequent gas expansion
during ascent provides additional air for breathing. The
emergency ascent or "free ascent" is a last resort. All divers
should experience exhaustion of air supply during training!

6,9 2 RSS OR FLOODING OF FACE NASK

The self-contained diver must learn to swim underwater without
a face mask and how to purge water from the mask in the event
of flooding. If the mask becomes dislodged and partially or
completely fills with water, it should be repositioned on the
face and purged of water by tilting the head backwards to place
the lower edge of the mask at the lowest position. The diver
then presses the upper portion of the mask firmly against the
forehead and exhales through his nose. The exhaled air will
displace the water and force it out under the lower edge of the
mask.

If the mask is equipped with a purge valve, simply position the
head so the purge valve is in the lowest position relative to
the rest of the mask and exhale through the nose. Some divers
prefer to press the top portion of the mask against the face
while purging to limit the loss of air.

6,9.3 PURGING HATER FROM THE BREATHING SYSTEM

There are various methods of purging water from flooded mouth-
pieces and hoses. Each method should be mastered and the train-
ee should learn the procedure for both double- and single-hose
units.

The simple method is to place the mouthpiece in your mouth and
exhale. This will generally purge the water from the assembly
and restore free breathing. Inhale cautiously following the
purging procedure to be sure that all water is out. When purg-
ing the single-hose regulator, position the exhaust valve so
that all water will drain through it. This may require the diver
to look straight ahead or tilt his head slightly backward . Turn-
ing the left side down so that the water will run into the ex-
halation hose will facilitate clearing two-hose reguIators.

If the diver does not have enough air in his lungs to expell the
water, he will have to use the "free-flow" method. In two-hose
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units, the air will flow freely through the mouthpiece when it
is raised above the level of the regulator housing. Therefore,
raise the mouthpiece above the housing unti 1 it free flows,
turn the mouthpiece down to trap air in it, tilt the head back,
insert the mouthpiece into the mouth while free flowing, and
resume breathing. The same method may be used with a single-
hose regulator; however, a purge button must be depressed to
initiate the free flow of air. An alternate method of purging
a single-hose regulator is to place the tongue into the air in-
let opening and depress the purge button. The water is forced
out through the exhaust valve.

The diver should be alert for the cause of the flooding of the
system. Some problems such as damaged breathing tube, diaphragm,
or exhaust valve may hamper successful clearing of the system.

6 9 0 RECOVERY OF LOST jtlUTHPIECE

When the mouthpiece of a two-hose unit is lost, it will float to
the highest point. When in the swimming position, the diver
should bring his feet forward and lay on his back. The mouth-
piece will be directly above his face. Single-hose regulators
generally lead over the right shoulder. If the mouthpiece is
dropped, the diver should reach back, feel the first stage of
the regulator, and follow the hose to the second-stage mouth-
piece. The use of a neck strap to retain the regulator in front
is discouraged; harness clips are perm~ssible as long as they
release readily for sharing air in emergencies.

6,9,5 ENTANGLEMENT

The diver's knife is his safeguard against entanglement. The
entanglement situation generally requires more thought than
action. Do not strugg'le; this may only increase the degree of
entanglement. This is where the "buddy system" is useful. The
buddy can carefully cut the entangled diver loose, Only as a
last resort should the diver remove his breathing apparatus and
make a "free-ascent."

6,9 6 THE ROLE OF THE HUDDY IN UNDERWATER EMERGENCIES

"Buddies" must learn to work together and should know and under-
stand a standard set of signals. They should be in visible range
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at all times and observe each other. In poor visibility a short
buddy line may be required. The diver should signa1 his "buddy"
at the fi rst sign of trouble. If your "buddy" shows si gns of
distress, get to him at once whether he signals or not. The hard-
est job for a "buddy" will be in the presence of panic. You may
be able to do no more than take him to the surface at once. In
handling a panicked or unconscious person underwater every effort
must be made to keep the mouthpiece in place. In ascent, the
possibility of air embolism exists. It may be necessary to tilt
the victim's head far back to facilitate exhalation, especially
in panic situations. Never strike the victim in the stomach or
chest; this procedure could cause an air embolism.

It may be necessary for SCUBA divers to share air  buddy breathe!
in the event of air supply exhaustion or equipment malfunctions.
There are several methods of sharing air and the diver must use
the one best adapted to the situation. Generally, air sharing
is necessary only for direct ascents. The divers simply face
each other and exhange the mouthpiece of the operative SCUBA
while making a s1ow, controlled ascent. When sharing air with
a single-hose regulator, the diver providing the air should be
slightly to the left  when facing the stricken diver!. Do not
fill your 1ungs and then hoid your breath while your "buddy"
is taking a breath! Remember you are ascending and that you
must continue to exhale as you rise to prevent air embolism.
The diver supplying the air should always retain control of the
mouthpiece and grasp the harness of the victim. He is generally
in a better position to regulate breathing cycles and to control
the ascent than the diver who has experienced air supply fai1ure.

When working in caves or under ice, divers may find it necessary
to move in a lateral direction before ascending to the surface.
In this case the diver wearing SCUBA containing air swims with
his left side down . The distressed di ver swims on his right side,
holding his "buddy's" harness with his left hand and exchanging
the regulator with his right.

An alternate method of lateral swimming is for the "buddy" with
the air supply to swim face down. The other diver swims directly
above him holding onto the neck of the air cylinder. The diver
on the bottom passes the regulator up and the top diver places
it back in view of the bottom diver. These methods may be used
for both double- and single-hose regulators. Another method of
lateral swimming while sharing air with a single-hose regulator
is to have the divers swim side by side in a prone position.
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Sharing air under emergency conditions is difficult even for
the best trained and most experienced divers. Divers should
practice the skill frequently. Furthermore, the use of auxili-
ary breathing systems is encouraged.

6.9,7 URGENCY ASCENT

Learning the technique of an "emergency controlled swimming
ascent" is an important part of training; however, this ascent
should only be used as a last resort to resolve an emergency
situation. It is hazardous and difficult to accomplish safely
in situations of stress.

Unless the breathing apparatus is entangled, the diver should
not abandon it even though it may be useless. The diver should
not initially drop his weights; this could result in an uncon-
trolled ascent. He must exhale prior to the start of the ascent
and continue to exhale throughout the ascent. The head should be
extended back. This allows maximum opening of the throat area
and a good overhead view. The diver should seam to the surface,
constantly being aware of possible entanglements or obstructions,
and of the consequences of holding his breath. The mouthpiece
may be left in place. The weight belt should be dropped if
the diver is having difficulty swimming to the surface. Def-
initely, drop belt at the surface to facilitate staying afloat.

Training for emergency controlled swimming ascent is a serious
and hazardous exercise. Students should make proper supervised
ascents in a swimming pool first. At first the mouthpiece should
be left in place. For later ascents, the mouthpiece can be re-
moved and held by the diver. Long free ascents may be simulated
by having the trainee swim the length of the pool while exhaling
in an emergency controlled swimming ascent fashion. The same
procedure should be followed if emergency ascent training is con-
ducted in open water. The instructor and trainee should surface
facing each other wi th the instructor close enough to control all
phases of the ascent and give aid if necessary. Practice first
in shallow water and progress to deeper water at the discretion
of the instructor.

In desperate emergency situations where the diver feels that he
may pass out, etc., it may become necessary to make a positive
buoyancy ascent and risk entanglement, injury, and air embolism.
This i s accomplished by droppi ng the weight belt and/or i nflat-
ing the lifejacket  only high-capacity lifejackets are dependable!.
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The ascent will be slow at first and will become more rapid
as the wet suit or lifejacket expands, especially near the sur-
face. A few kicks may be necessary to initiate the ascent.
Positive-buoyancy ascents are to be ueed only in a life-or-
death situation, and no othersl Remember, in aLl emergencp
ascents, exhale continuous2y the'oughout; the possibili+ of
air embolism is always present.

6.9 8 AT THE SURFACE

Upon reaching the surface after emergency ascent, or when in
trouble at the surface following normal ascent  rough water,
exhausted, etc.!, jettison the weight belt, inflate the life-
jacket, and signal for pick up. When a long distance from
assistance, it may be necessary to use the signal flare to
attract attention. The surface crew should be alert for divers
in trouble at all times.

When not in difficulty, swim for the craft or shore base. If
the breathing apparatus interferes with swimming, the diver
should remove the equipment and tow it to safety while swim-
ming on his back  jacket inflated or deflated! or on his front
with a snorkel. The diver may have to ditch his equipment if
he faces a long swim to safety.

The above procedures and skills must be mastered during training.
Various exercises are used to test the trainee's ability to cope
with underwater situations. Emp'1eton �968! covers basic SCU8A
training.

6.9.9 DmeING

The US Navy considers drowning to be the most frequent cause of
death in self-contained diving. Drowning may result from simple
mechanical malfunction of equipment, but is most frequently the
result of underwater accidents and environmental factors. The
most common cause is physical exhaustion resulting from swimming
on the surface after the air supply has been depleted. Surface
swimming in rough seas is an even greater hazard. Another pri-
mary cause of drowning is the inability of the diver to cope with
emergency situations. Any of these conditions may result in pan-
ic and consequent drowning. Any underwater accident that causes
unconsciousness generally results in drowning.
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Self-contained divers must take every precaution to prevent
drowning. The following preventive measures must be consider-
ed by all self-contained divers:

l. adequate training with drill in emergency procedures;
2. good physical condition;
3. use of a 7ifegackeb a8 ale time" � with or without SCUBA;
4. proper maintenance, and use of approved equipment only;
5. good diving practices with adequate preparation;
6. knowledge and observance of personal limitations;
7. provisions for aiding divers in di.stress  keep some-

one in the boat at all times!;
8. training in lifesaving and water safety;
9. training of each person in the use of artificial

respiration.

6i 10 LIFESAVING PROCEDURES

Since self-contained divers spend more time in the water under
more hazardous conditions than do most swimmers, it is essential
that they know the fundamentals of lifesaving and water safety.
One of the first principles of water saf'ety is fulfil led by the
"buddy system"--never scrim or dive atone. Divers have another
important factor in the~r favor--the lifejacket. Through the
"buddy system" and the use of a lifejacket, most situations can
be resolved.

The additional equipment used by skin and SCUBA divers modifies,
to some degree, lifesaving techniques. The fact that the "buddy"
is qenerally always in the water, near the victim, lessens the
use of a reaching or throwing assist, It is a known fact that
most divers get into trouble at the surface, rather than at
depth, In "trouble" situations the "buddy" is normally obligated
to render all assistance possible. Frequently, "trouble" situa-
tions may develop into panic situations.

6.10.1 TROUBLE SITUATION

In the "trouble" situation, the diver is simply having difficulty
in keeping afloat, but he has not lost control of himself. The
victim may rescue himself by jettisoning his weight belt, in-
flating his lifejacket, or regaining physical control of the
situation. In this situation the buddy can do several things.
If there is no float to push to the victim or other means of avoid-
ing contact, the rescuer must move in, s+aping behind the victim!
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The safest and simplest means of aid is to reach around and
inflate the victim's lifejacket. If he is not wearing a life-
jacket or if this method is not feasible, the rescuer should
support him at the surface by gripping him firmly under the arm
or by the cylinder while talking to him and thus enabling him
to get his breath. Zf' the victim is ~earing a ~eight belt,
the rescuer should jettison it. He should also jettison the
SC'UBA i f necessary. The rescuer should reassure the victim
and keep calm! A calm reassurance can often prevent a panic
situation.

6.10,2 PANIC SITUATION

Panic is a sudden unreasoning and overwhelming fear which attacks
people in the face of real or fancied danger. Panic is the diver' s
most deadly hazard and is a contributory cause of practically all
water accidents. A panic situation is dangerous to both victim
and rescuer. The rescuer must know what he is doing and apply all
his skill and training to avoid personal danger. The ~iLL to aid
sometimes ends tragicaLly for both victim and rescuer! The fi rst
impulse of a panic-stricken swimmer will be to "climb" the rescuer
and get himself out of the water. The rescuer must retain his
common sense, good judgment, and reasoning, and must not Let the
victim get a hold of him--stay clear. While the victim is violent-
ly thrashing in his panic, these movements will probably keep him
afloat. When he tires, the rescuer can move in from behind and
proceed with the rescue as in the "trouble" situation. The rescuer
must be sure to keep the vi ctim facing away from him so the vi ctim
cannot grab him. Hy ho1ding the diver firmly under the arm or by
the cylinder the rescuer can both hold him up and control him.
He should jetti son the victim 's weight belt as soon as possible� .

6IlOI5 APPRQAGH

If it is necessary to approach the victim from the front, the
rescuer should swim to within 6-8 ft of him. He should do a
surface dive and approach the victim underwater, grasping him
at the knees and turning him around. From the moment the rescuer
makes contact wi th the victim, he should keep hald of him and
control him. He should drag the victim underwater as he moves
up to a support or carry position. When approaching from the
rear, the rescuer should be in a position to move quickly out of
the victim's reach in case he turns. He should use the under-
arm grasp and control if necessary.
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6il0, I EQUIPMENT AIDs

The fact that divers are equipped with mask and fins can greatly
facilitate rescues. The addition of the lifejacket simplifies
the situation considerably. SCUBA may be an advantage or dis-
advantage. The rescuer should not inflate his personal lifejacket
until the situation is in hand and he knows he will not have to
go underwater to approach or maneuver his victim. If he does
inf'late his jacket and find that he must go back underwater, he
should remove it and leave it for a float. If he cannot remove
it, he should deflate it.

6.10.5 TowrNs

Once the victim is under control, the rescuer should to@ h~m tc
safety. The simplest method of towing the victim is for the
rescuer to grasp the collar of the victim's inflated lifejacket
and swim on his side or back, towing the victim at arm's length.
He should take care not to kick the victim. The important thing
is to keep the victim's head above water. The rescuer should
keep control of the victim at all times. If the victim is
struggling, the rescuer may wish to place one hand under his arm
for control. The rescuer should not let the victim term o~ Birn.
If the victim does not have a lifejacket, but SCUBA, the rescuer
should grasp the cylinder firmly and follow the same procedure.
For a swimmer with no lifejacket or tank, the rescuer should
grasp him firmly under the arm wi th one hand and push him to a
horizontal position with the other. Then quickly swing the free
arm over his shoulder, across his chest, and under his arm.
Hoed jirmLp  In this position the rescuer will probably not
be able to use his vest inflated. If the victim struggles, the
rescuer should clamp both arms around him and move with him.
He should never let go with the control hand under the arm until
he has completed the cross-chest carry. An alternate method
of towing is the head crt~. The rescuer can use his personal
lifejacket  inflated! when doing this carry. The rescuer p'Iaces
a hand on each side of the head. The palms cover the victim' s
ears, the fingers are extended along the jaw and the thumbs are
p'taced on the temples . He holds firm and depresses his wrist
to ti'It the victim's head back. The rescuer holds his arms
straight and swims on his back.

6.1Ij,F ASSIST

As previously stated, the fact that the "buddy" is generally



6-82

always in the water, near the victim, lessens the possibility
of reaching or throwing assist. However, it should be stated
that if at all possible, contact with the victim should be
avoided. If near a pier, boat, etc., the rescuer should reach
tor the victim with hand, towel, pole, or whatever may be handy.
If the victim is too far away for a reaching assist, the rescuer
should throw a rope, ring buoy, etc. If the rescuer reaches for
the victim, he should keep low and firmly placed so the victim
will not pull him in. The prone position is best.

6.10,7 PZLEASES

If, for some reason, the victim gets a hold of the rescuer, the
rescuer must know how to break it. kolds can sometimes be pre-
vented by blocking the arm, grasping it, and turning the victim
around; go directly to a control and carry position. Other times,
it may be necessary to block the victim by ducking underwater,
placing the hand on the victim's chest and pushing him away.
When the victim actually gets a hold on the rescuer, the rescuer
should not panic. He should sink, think, and art  If the victim
gets a front head-hold on the rescuer, he should submerge, gr asp
the victim's arm  on the side closest to his head! at the elbow,
and push up. He should bring his other hand over the victim' s
arms, between his own head and the victim' s, and push the vic-
tim's head away. When the victim breaks, retain the hold on
his arm, turn him, and control him. An alternate method of escape
is for the rescuer to sink, place both of his hands on the victim
 grasping his sides!, and push outward and upward, while turning
his own head to the side. When the victim breaks, turn and
control him. If the victim gets a rear head-hold, the rescuer
should sink, grasp the lower elbow and wrist, and push up on
the elbow and down on the wrist. As the rescuer frees himself, he
he should move under the victim's arm  retaining hold! and con-
trol him. If the victim grabs his arm, the rescuer should re-
lease the hold with a quick twisting jerk of his arm. The rescuer
should use leverage to advantage in all breaks.

6.j0,8 AFTER RESCUE

Once the rescuer has towed the victim to safety, he should get
him out of the water and treat him for shock. Following serious
panic, it is often best to consult a physician before moving the
victim. If the victim is unconscious, but breathing, he should
be treated for shock and a physician definitely consulted. When
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a nonbreathing victim is recovered, artificial respiration should
be started at once. The rescuer should inflate lifejacket and
administer mouth-to-mouth or chest pressure/arm lift artificial
respiration while swimming to shore. See directions in the sec-
tions of first aid and artificial respiration.

6 10,9 AUTH-TO-SNORKEL PZSCUE BREAKING

In deep water the snorkel may be used as an aid for adm~nistering
artificial respiration, Once it has been determined that the
victim is not breathing, immediate artificial respiration is man-
datory. The time lost in returning to shore to do this may be
critical and may result in death. Pierce �97l! recommends the
following procedure for a rescuer who is administering artificial
respiration while swimming in deep water:

Turn victim face up, inflate lifejacket, and tilt
head sharply back with a chin pull to open airway.

::g:.': Clear water from snorkel and insert mouthpiece in
his mouth. Use the fingers and palm of the chin.
pulling hand to seal the mouth and use the thumb
and forefinger of the same hand to pinch the nos-
trils shut.

.'.:,::3 '-, With your other hand controlling the tube end of
the snorkel, place it in your mouth and blow;
watch the victim's chest rise.

::O''�::,:: Remove the tube from your mouth and listen to air
flow out.

Repeat, as in mouth-to-mouth artificial respiration
while towing victim to shore. You may inflate your
lifejacket, if desired.

6.10.10 LIFESAVING AND WATER SAFETY TRAINING

All divers are encouraged to acquire training in lifesaving and
water safety through the American National Red Cross, YMCA, or
an equivalent organization. An authoritative discussion of the
subject is given by Silvia �965!.
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7 0 lu!'face-fuppliecl Diving
7,1 INTRODUCTION

Self-contained diving techniques have been used by research
divers for two decades. Self-contained underwater breathing
apparatus  SCUBA! allows the diver considerable advantages in
portability, underwater mobility, and simplicity of operation.
In addition, training in the use of open-circuit SCUBA is
readily available for most research personnel. In order to
utilize the advantages of SCUBA, the d~ver has sacrificed dive
duration, physical  thermal! comfort, reliable communication
capabilities, and safety under limited visibility conditions.

Operational efficiency has always been relatively low when
using self-contained diving techniques. In addition to the
limiting factors previously mentioned, SCUBA diving requires
that, for safety purposes, at 1east two divers be used on all
missions. Frequently, the mission cou1d be as effectively ac-
complished by a single diver. Also, when working under limited
visibility conditions  common in the lower Great Lakes!, two
SCUBA divers can easily become separated and offer each other
little or no assistance in an emergency. In fact, SCUBA diving
under zero visibility conditio!is actually constitutes a hazard-
ous situation.

Recognizing inherent disadvantages and limitations imposed by
the use of SCUBA diving techniques, University of Michigan
scientists now employ surface-supplied diving techniques for
most underwater research. The diver wears a free-f1ow/demand
mask or lightweight helmet  Figure 7-1! and is connected to
the surface by an umbilical hose, which consists of an air hose,
hot-water hose, and communication line. Air is supplied by a
compressor or high-pressure cascade system located on the sup-
port vessel. A hot-water circulating divi ng sui t is used to
maintain a high degree of thermal comfort. Heat loss is no
longer a limiting factor of dive duration regardless of the
water temperature. A wire-type communications system provides
excellent diver-surface voice communications. Self-contained
wireless-type communication systems have been used in the past;
however, compared to wire-type systems, these self-contained
uni s ac e't 1 ck the reliability, clarity, and overall performance

data to thec arah cteristics necessary for transmitting precise
blesscien is on et' t the surface. Use of the wire-type system ena

i n with thesurface personnel to maintain constant- communication wi
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Figure 7-2, Surf zce-Supp Lied Divers Wearing Free-F Lou/Demand
Mask ana Hot-Vater Suit  Left! ana Lightweight
Helmet ana Cols-Pater Piet Suit  Pight!  Photo bp
P. B2ackburn!
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diver and record all data on tape. This procedure increases by
several orders of magnitude the accuracy of recording diver ob-
servations and the general safety of the diver.

Using surface-supplied diving techniques, only one d~ver enters
the water at a time for most missions. A tender handles the
umbilical hose on deck and maintains constant communications
with the diver; a stand-by diver is available for emergency
assistance. Committing only one diver to the underwater mission
at a time compared to the two-diver requirement for SCUBA diving
increases operational efficiency by a factor of two. The virtu-
ally unlimited air supply and the degree of control for safe de-
compression increases dive durations for shallow and moderate
depth missions. Consequently, dive timing and decompress~on pro-
cedures must be precise, and an on-site decompression chamber is
recommended. Finally, the thermal protection provided to the
divers by the open-circuit, hot-water suit system eliminates
diver inefficiency and time limitations due to heat loss. Con-
sidering these factors, diver efficiency or operational capabiI-
ity is increased by at least a factor of four.

The d~ver is 1imited in lateral range by the length of his umbil-
ical hose. However, for a diver wearing fins, vertical and lat-
eral movement within this range is comparable with movement when
using SCUBA. A free-flow/demand mask and lightweight helmet pro-
vide the diver with the large quantity of air required during
periods of heavy exertion, thus allowing him to accomplish tasks
that would be marginal or impossible when using SCUBA.

The application of modern surface-supplied diving techniques to
research operations is a revolutionary advancement in underwater
research. Diving mission capabilities are greatly extended and
higher standards of safety are maintained.

7,2 SURFACE AIR-SUPPLY SYSTEM

The most important consideration in surface-supplied diving is
that of providing the diver with an adequate breathing gas supply.
Air supplied from a compressor driven by an internal-combustion
engine or from an air cascade system  Figure 7-2! is used as a
breathing medium for shallow- to moderate-depth diving operations.
The air supply system must be capable of delivering the volume
and pressure required by the diver at working depth.



Figure 7-2. Air SuppZy Systems:  a! Bank of 240 f't~ high�
Pressure Air CyZinders, high � Pressure Air Com-
pr essor, Hot-4'ater Heater, and ~Jmbi ZicaZ Hose
on Deck of R/V Inland Seas;  b! Compact l,ov-
Pressure Air Compressor ana Separate Air Re-
ceiving Tank;  c! High Capacity Diesel-Engine-
Driven lou-Pressur'e Compr'essor, 72 ft~/min,
280 Zb/in2�size; 48 x 84 z 44 in., freight:
2080 Zb.  Photo a bp F7. Anderson; Photos b and
c by BoZstad Engineering ana Manufacturing!
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For free-flow, lightweight helmet and mask ventilation, a min-
imum air supply of 1.5 ft3/min  measured at the absolute pres-
sure of the diver's depth! is adequate only f' or light work.
Ideally, the volume of air available to the diver should be at
least 4.5 ft3/min at depth. When using a free-flow, light-
weight helmet or mask, a hose pressure of at least 50 lb/in2
over ambient is required for dives to less than 120 ft and
100 1b/in2 over ambient is required for depths exceeding 120
ft. For free-flow/demand masks, a delivery volume of at least
3 ft3/min at depth should be available and a hose pressure of
100 'lb/in2 over ambient is recommended, The system must also
be capable of supporting a stand-by diver unless a separate
system is provided for this purpose. The system must be equip-
ped wi th a volume tank and/or secondary air cyli nder suffici ent
to provide at least 5 min of air at working depth in the event
of primary failure.

7.2.j. SOURCES OF RVeRESSED AIR

The common sources of compressed air are

I;.:-.".:': :High � pressure air cylinders, and

:O-'.:�:: Low-pressure compressors powered by electric motors
or internal-combustion engines.

A four-to-twelve 240- or 300-ft cylinder high-pressure air cas-3

cade system is satisfactory for diving with a free-flow/demand
mask. High-pressure air cascade units are used extensively in
University of Michigan diving operations. Generally, six 240-
or 300-ft~ cylinders are mounted on a cradle fitted with a man-
ifold system, Severa1 6-cy1inder cradles may be used for ex-
tended operations. A two- or four-cylinder unit is used for
small boat operations  usually limited dive durations and/or
shallow water!. The high-pressure cylinders are charged using
a high-pressure air compressor driven by an electric motor
 Mako Products, Model K1405, 8 ft3/min, 3200 lb/in2, 850 rpm!.
This system provides a suffi cient air supply and enables the
group to operate without the excessive noise of an air com-
pressor's motor during diving operations. This enhances corn-
munications considerably and provides more pleasant conditions
for surface personnel. The divers consider this arrangement
safer and more dependable than most systems previously inves-
tigated. On large operations, one cradle unit can be recharged
while others are in operation. In addition, the same system may



be used to support SCUBA diving operations. High-pressure gas
reduction regulators  Victor model YTS 700E, outlet pressure
to 250 lb/in~, flow capacity to 4000 ft3/hr! are used to regu-
late delivery air pressure. A gas control board has now been
designed to regulate primary and seconIdary  emergency! air for
two divers.

A low-pressure air compressor is generally used for surface-
supplied diving missions. The capacity requirements of the
compressor system will depend on the type of diving apparatus,
diving depth, exertion level, and auxiliary equipment require-
ments. Flow rate and diving station manifold pressure may be
calculated by formula or read directly from a graph given by
Hansen �972!  Figure 7-3!. The rated pressure of the com-
pressor must exceed the pressure calculated due to losses in
the compressed air piping system. Also, normally the compres-
sor does not operate continuously at the rated pressure, but
is controlled to unload or stop at this pressure.
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Additional considerations must be made for air requirements of
stand-by divers and recompression chamber operations. Based
on data given by Hansen �972!, the US Navy requires a chamber
ventilation rate  two patients and one tender in chamber! of
140.7 ft /min at the 60-ft oxygen stop. Total air requirements
for treatment of air embolism or decompression sickness may
range from 13, 754 to 46, 625 ft3  Table 7-1!.
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Most heavy compressors are powered by diesel engines. Diesel-
powered compressors reduce fire hazard and are more versatile
than electric-powered compressors. All diving air compressors
should be protected by a substantial external frame or cage and
mounted on skids. A hoisting bai1 should be fitted to the frame
to facilitate handling.

The delivery pressure and free-air volume will depend on the
make and model of compressor. A lightweight compressor may
have, for example, a maximum delivery pressure of 100 lb/in
and a 16 ft3/min displacement. Heavy-duty compressors have
pressure ratings of 200-350 lb/inZ and 50-125 ft3/min displace-
ments. When calculating delivery volume at various pressures,

All surface-supplied diving compressors must be equipped with a
large-capacity, low-pressure accumulator or air receiver tank.
This tank aids in ma~ntaining delivery pressure at a constant
level and contains an air supply which is available to the diver
in the event of compressor failure. The receiver is fitted with
a safety valve to prevent overpressurization and a line to the
diver's air-control valve and gauge.
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consult the manufacturer's specifications. A compressor that
delivers l07 ft3/min at atmospheric pressure will deliver only
approximately 85 ft3/min at 125 lb/in2. For additional infor-
mation and specifications on compressor for divers, consult
companies that specialize in air compressors for div~ng. One
such firm is Bo1stad Sales and Service Corporation, 401 Centre
Street, San Pedro, Ca1ifornia.

7.2,2 AIR CONTROL SYSTEM

A pressure reduction regulator system is required to reduce the
high cy1inder pressure to working pressure. For shallow-water
work, a single one- or two-stage gas reduction regulator �000
ft~/min or higher and 250 lb/in2 outlet pressure! with a high
flow capaci ty is satisfactory. Two or more cylinders are con-
nected in series and the regulator is attached to the manifold.
When using a single regulator system, the diver should be equip-
ped with a self-contained emergency air supply and/or a low-
pressure volume tank on the surface.

For deep water, working in pipelines, etc., a more elaborate
air regu1ator system is recommended. Air control systems are
not standardized; they are usually designed to the specifica-
tions of individual divers or diving firms. The system which
I designed for the University of Michigan divi ng operations in-
cludes two regulators, two diver outlets, and connections for
primary and emergency air supplies  Figure 7-4! . Either regula-
tor may be supplied by air from the primary or emergency air
source at a given time. In the event of a regulator malfunc-
tion, the supervisor or tender may immediately activate ball
valves to isolate the fau1ty regulator and switch the diver to
the stand-by regulator. Furthermore, in the event of primary
air supply failure  e.g., line rupture!, the emergency air
supply may be activated and the primary system isolated for
repair. Even with the redundancy in the air control system,
it is recommended that divers be equipped with self-contained
emergency air supplies.

7 5 FREE-FLOW/DE%AD %SK

The free-flow/demand mask  Figure 7-5! is designed primarily
for use with an umbilical hose, which supplies breathing gas
from the surface, an underwater habitat, or a personnel trans-
fer capsule  submersib1e decompression chamber!. The US Diver
Company Model KMB-8 diver's band mask and General Aquadyne Model
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L.P. Gauge H.P. Gauge

Diver 1

Diver 2

Regulator

Figure 7-4, Air ControZ PaneZ.  a! Air Contr'oZ PaneZ Used by
Uni ver si ty of Mi chilean Divers;  b! 8chemati c
Diagram  Photo bp Somers!

L,P,
Valves

H ~ P.
Valves

Primary
Air

Emergency
Air
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Fight e 7-S. Free-F/ov/Demand Mask:  a! KÃB-8 Band Haak;
 b! Diver 8'quipped vi0h Aquadpne Mask and
Vaziab le-Vo2zane Shit  UNZS'UZT!  Phofo by
S'omers!
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DM-4 diving mask are used by University of Michigan divers. The
KMB-8 mask is fabricated of noncorrosive, rigid fiber glass and
may be used with air or mixed gas. The face port is 1/4-in.
acrylic plastic. The free-flow system is necessary to provide
adequate ventilation for a diver doing heavy work underwater. A
free-f'low va'Ive allows the diver an adjustable-flow off-on supply
to the interior of the mask through the muffler-deflector. In
addition to supplying the diver with a steady flow of breathing
gas, the deflector directs gas across the viewing lens, thus
clearing any fogging that may occur. Mhen the umbilical hose is
pressurized with the breathing media, a demand regulator is pres-
sure-loaded at all times. The regulator provides a "demand"
breathing system, similar to standard open-circuit SCUBA, which
is adjustable for gas supplies from 60-180 lb/in2 over ambient
pressure. The demand system is used under tight to moderate
working conditions to economize on gas volume requirements and
to enhance communications.

A nose blocking device is incorporated into the mask to facilitate
sinus and middle-ear equalization. An oral-nasal mask assembly
is used to reduce dead air space and eliminate the possibility of
a dead air space C02 build-up. The main exhaust valve, located
at the bottom of the fiber-glass body, provides automatic water
purging whenever necessary. The integrated, expansion-type, rub-
ber, face seal and cold-water, rubber, hood assembly are attached
to the mask body by a metal retainer band. Two pockets in the
hood contain the communications earphones, and the microphone is
located in the oral-nasal mask. A hole-type head harness  "Spi-
der"! secures the mask to the diver's head, The umbilical hose
is attached to a nonreturn va'Ive on the mask to prevent loss of
pressure in the event of a hose rupture or air supply malfunction.
Fittings are oxygen type, 9/16 in., 18, male. The mask is de-
signed with a fitting for the attachment of' a hose from a small
high-pressure cylinder carried on the diver's back. The emer-
gency air supply system  " bailout" ! may be activated immediately
by the diver and is recommended for all dives in excess of 60 ft.

The General Aquadytie Model DM-4 diving mask is similar to the
GAB-8 band mask in principle of operation and materials. The
demand regulator is designed to function through a supply pres-
sure range of 50-200 lb/in2 over ambient. Two exhaust value
assemblies are bonded into the lower mask body, one on each side,
and function automatically by differential pressure between the
mask interior and ambient water pressure. The valves are neo-
prene rubber mushroom type. Since this mask does not have a
hood assemb'Iy, an earphone, contained in a watertight housing,
is mounted on a boom extending over the diver's left ear. The
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earphone housing is pressure compensated from within the mask by
an equalizer tube, which also serves as a conduit for the ear-
phone wiring.

The face seal is fabricated from open-cell polyfoam with a neo-
prene cover perforated to permit pressure equalization of the
polyfoam at depth. The face seal assembly is bonded to the
mask with neoprene rubber cement.

Probably the most significant difference between the KMB-8
and DM-4 masks is the emergercy gas supply activating system.
Instead of incorporating the switch-over valve in the side valve
of the mask  as the KMB-8!, the DM-4 features a separate manifold
block to serve as the distribution point for both the primary
and emergency air sources ~ Consequently, only one supply hose
is attached to the side valve of the mask. The block is secured
to the diver's harness or a separate belt near waist level on
the right side. The block contains three ports: one primary
gas inlet, one emergency supply inlet, and a common gas outlet
to the mask. A cartridge check valve incorporated into the
primary air passage and retained by the inlet fitting prevents
loss of emergency gas in the event of primary gas hose failure.
A shutoff valve on the manifold isolates the emergency gas
supply from the common outlet until activated by the diver. A
400 lb/in2 working pressure hose from the common outlet port
and terminating with a standard oxygen fitting  9/16-in., 18,
female swivel nut! on the free end for connecting to the mask
is standard. The emergency air inlet port is provided with a
hose for connection to a standard first-stage regulator  fitting:
3/B-in., 24, male, 0-ring seal.!

Both masks may be used with optional fiber-glass head protectors.
The KMB-8 band mask head protector is secured to the mask head
harness. It rests directly on the diver's head and is padded
with closed-cell foam rubber for shock absorption. The head pro-
tector for use with the DM-4 mask is free from contact with the
diver's head. It attaches to the mask head harness post and is
secured wi th elastic retainers .

7.5, 1 Dti/E PREPARATION PROCEDURES

The following procedures are recommended when preparing the
mask for diving:



:1.:.'-. Inspect the mask for any damage or loose fittings.
On the KM3-8 mask check to ensure that the hood

retaining band is properly secured.

Open free-flow valve, blow through the check valve,
and then suck back to ensure that the check  non-
return! valve is functioning.

3-,, ::Check free-flow valve and regulator adjustment for
free movement.

'III;:.:. Check exhaust valves to ensure that they are properly
seated and free from foreign matter.

Connect communications wire and test communications.

::lp:-.: Purge gas supply hose to ensure that it is free
from foreign matter.

::7:::.'-:::- When using the Aquadyne emergency manifold block,
attach to gas supply hose and purge prior to attach-
ment to mask.

Verify that the emergency gas cylinder is filled to
capacity, attach regulator, and connect to manifold
block  DH-4! or mask  KMH-8!.

9,'.. Prior to connecting the primary gas supply hose, open
the emergency cylinder valve and activate emergency
system to verify proper function. Check for leaks
and close emergency system valve.

Connect primary gas supply hose and verify free
flow and demand system operation. Adjust the de-
mand regulator to slight free flow and then close
until free flow stops. Readjustments may be re-
quired at depth.

Apply a thin film of antifogging solution to the
interior of the face port to prevent fogging during
the dive. Liquid dishwashing soap is highly satis-
factory.

Place the mask on and test both breathing systems.

Secure the head harness as low as possible on the
neck so that pressure is put on the base of the
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skull by the lower legs of the harness. The
amount of tension will vary with individual

preferences

j4-"..' Secure the umbilical hose to the diver's harness
or belt.

7 5,2 PURGING A FLOODED NASK

A partially or completely flooded mask can be qu1ckly purged
by placing the exhaust valve in a -downward position and open-
ing the free-flow valve or depressing the manual purge button
on the demand regulator.

7 5,3 EMERGENCY  SCENT

An emergency gas supply or "bailout" unit  Figure 7-6! is a great
asset in any type of diving, especially when working at depths
in excess of 60 ft, in tunnels, or where direct ascent is pro-
hibited. Upon failure of the primary gas supply, the emergency
gas valve is opened and the diver proceeds directly to the sur-
face or first decompression stop. The free-flow valve should
be closed and the demand circuit used to conserve gas. Should
the diver's hase be fouled ta the degree of preventing ascent
and the primary gas supply is inoperative, the d1ver should a-
lert the surface crew of his situation and notify them that he
is cutting the umbi l1cal hose to make an emergency ascent.

Should gas failure occur when diving without self-contained
emergency supply, the diver may drop his weight belt and ascend
without removing the mask  exhaling throughout the ascent to
prevent air embolism!. In the event that the diver's hose is
fouled, preventing him from surfacing with the mask on, the
weight belt and harness  or harness attachment! should be re-
leased. The diver then removes the mask by grasping the main
body and pulling the mask forward, up, and over the head.

7.3.4 PDSTDIVE PROCEDURES AND PREVENTIVE IlAINTH4VKE
Each diver must establish his own standards for care of a mask.
The use of the mask in fresh water will require a time table for
maintenance procedures different from that when the mask is used
in sea water. The type of underwater act1vity will also determine
maintenance requirements.



Surface-Supplied Diving Components:  a! Diver
Equippea uith Free-Floe/Demand Mask, Head Pro-
tector, and Emergency Gas Supply Unit;  b! Diver
in Hot-Water Suit and Modi fied Parachute Body
Harness;  c! Emergency Qzs Supply Manifold,  d!
Diver Equipped vith Free-Floe/Demi nd Mask, Head
Protector, Emergency Gas Supply Unit, Ut71SU12',
and "Culf"-Type Body Harnes"  Photos a and c,
Courtesy of Aquaayne; b and d, by V. Michaels!
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When diving in sea water, the exterior of the mask should be
rinsed in fresh water following each dive. Care must be taken
not to flood the microphones since they are not waterproof.
The interior of the mask should be wiped clean with a cloth or
sponge. A damp sponge may be used to clean the interior . An
alcohol solution is useful for cleaning and disinfecting the
oral-nasal mask. The interior should be completely dry when
the mask is stored, even overnight. The DM-4 mask should be
p1aced in a face-down position to allow water to drain from the
face seal.

The KMB-8 mask requires additional maintenance procedures. When
fitted with a cold-water hood, the interior of' this mask is dif-
ficult to clean and dry unless the hood is removed. With the
hood removed, turn it inside out and squeeze water out of the
open-cell foam face seal. Dry interior of hood and mask com-
pletely before reassembling. Installation of a zipper in the
back of the hood will simplify maintenance since the hood will
not have to be completely removed as frequently. Monthly main-
tenance  or between diving operations! and repair should be in
accordance with procedures given in the manufacturer's manual
supplied with each mask.

7.4 LIGeVZIGHT HE~S

A number of lightweight, free-flow, diving helmets  Figure 7-7!
have been designed and manufactured in recent years. Some
manufacturers have constructed helmets of traditiona'I spun
copper with emphasis on indestructibi'lity, wh~ le others use
fiber glass with emphasis on comfort, lightweightness, and man-
euverabilityy. In general, modern lightweight helmets feature
streamlined design, standardized interchangeable fittings, im-
proved valves, unbreakable faceplates, better ventilation  low
COp build-up!, improved visibi1ity, better conmunications,
versatility with any type of dress, bailout capability, and
simplicity of use and maintenance. Modern lightweight helmet
design criteria are discussed by Jones �970! and a brief de-
scription of the major helmets is given in the publication
Unde~aurrencs  July 1968; October 1969! and by Zinkowski �971!.
A description of the General Aquadyne helmet, currently used at
The University of Michigan, is given in the next sect~on.
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Surface-Supplied Diving Helmet and Umbilical
Hose:  a! Diver Zquipped nH,th Sigh&eight Hel-
met and Variable-Volume Suit;  b! Lightweight
Helmet vith Breastplate fax' Use uith Navy-Type
Deep-Sea Dress,  c! Air Hose and Communication
Bine C'oiled on Ship's Deck  Photos by Somex's!
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7,4.1 GENERAL PGQVYNE LIGHTWEIGHT FELPET

The General Aquadyne lightweight helmet is constructed of non-
corrosive, reinforced polyester fiber glass. Top and front
viewports, made from 1/4-in. and 3/8-in. polycarbonate  Lexan!,
are shatterproof and offer exceptionally high optical properties.
The streamlined shape offers minimum resistance to movement and
current. A watertight, adjustable exhaust valve allows the
diver to work in any position. The exhaust valve may be man-
ually controlled outside the helmet or activated internally by
pushing a button with the head. Air flow is regulated by a con-
veniently located control valve on the side of the helmet.

The helmet attaches to a stainless-steel neckring and secures
with a locking mechanism. This neckring enables the diver to
dress-in unassisted in darkness if necessary. The neckring may
be attached to a standard dry suit, constant-volume dry suit,
or a foamed-neoprene neckseal. By using the neckseal, the diver
can work in a swimsuit, wet suit, coveralls, variable-volume dry
suit with attached hood, or hot-water suit. A light adjustable
belt provided with the helmet is used to secure the neckring to
the di ver. The weight belt is worn over this adjustment belt.
A breastplate is available to allow the use of a conventional
deep-sea dress with the helmet  Figure 7-7!.

7,4,2 DIm PREPARATION PROCEDURES

The following procedures are recommended when preparing the h82met
for diving:

'j�".";: :Inspect the helmet for any damage or loose fittings.

:g'+: ,Open free-flow valve, blow through the check valve,
and then suck back to ensure that the check  nonre-
turn! valve is functioning. Another method of en-
suring that the internal nonreturn valve is operat-
ing satisfactorily is to close the free-flow valve,
connect an air supply to the helmet, and flow some
air into the helmet. Without opening the free-flow
valve, bleed and remove the air supply line. Sub-
merge the helmet air hose connection in water; if
no bubbles emerge, the valve is functioning properly.

::.'"3,:,:-, Check free-flaw and exhaust valve for free movement.
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;:.4'':.':: Purge gas supply hose to ensure that it is free
from foreign matter.

Men using the Aquadyne emergency manifold, attach
to the gas supply hose and purge prior to attach-
ment to helmet. Verify that the emergency gas
cylinder is filled to capacity and that the system
is working properly.

": i::�',: ,Connect primary gas supply hose and verify free-
flow system operation.

X::: :Connect communications wire and test communications.

8'»,: Apply a thin film of antifogging solution to the
interior of the face port to prevent fogging during
the dive.

7,A,5 DRESS-IN PROCEDURES

Don the diving suit and harness and prepare all other
equipment.

,::,2,-:.": ;Fasten the adjustment belt around the waist with the
hose anchor "D"-ring at the left and up. Adjust the
crotch and waist strap and slide helmet anchor to
center front.

:,::8:.: :Connect the crotch strap snap to the bottom of the
helmet anchor and adjust until comfortably snug.

Remove the helmet from the neckring and close the
latching system.

-::::5.:.'. Slide the neckring over the head with the latching
system in front.

.:::-I6-',".-;, Snap the front and back neckring adjusting straps
to the top of the brass anchor and center back "D"-
ring, respectively.

:tI."i:: ;Adjust the back strap so that the back of the neck-
ring is slightly lower than the front.

Take up slack in the front strap. Don weight belt.
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Open the latching syste~ on the neckring and
spread the clamps.

Activate a slight flow of air into the helmet.

Place the helmet over the head and lock it into
the bayonet studs located in the neckring on each
side by rotating the helmet to the diver's left.

With the helmet completely engaged, close the clamps
and secure.

Verify the lock.

3.::O-'::: Secure the umbilical hose to the harness.

Final adjustment of the helmet s position is accomplished in
the water. If the diver is dressed as instructed above, all
adjustments may be accomplished in the water using the front
strap. Mhen adjusted, the neckring should be perpendicular to
the diver's neck. There should be little pressure on the diver' s
shoulders and his head should be free to move. Air flow and
exhaust is adjusted to the demands of the individual diver.

7I5 IJMBILICAL H0SE

The umbilical hose for surface-supplied, lightweight helmet and
free-flow/demand mask consists of a gas supply hose and wire for
communications  Figure 7-7!. Usually a sma11 hose for a pneumo-
fathometer is included and, depending on mission requirements,
a hot-water supply hose. Separate lifelines are no longer deem-
ed necessary by most authorities since other components of the
umbilical hose have high breaking strength ratings. Umbilical
hoses are generally assembled in lengths based on specifications
of the diver or diving group. Standard assemblies used by the
University of Ni chigan are 1 00-, 150-, or 250-ft lengths; fit-
tings are standardized and several of these may be joined to
provide longer umbilical systems if necessary. A standard length
for commercial diving umbilical hoses appears to be 300 ft a1-
though most are made to the specifications of the diving firm.

7.5, 1 QS SUPPLY HOSE

Usually a 3/8-in. inside diameter, synthetic rubber, braid-



reinforced, heavy-duty hose is used for the diver's gas supply.
The hose must have a working pressure of 200 lb/in2 or more.
The outer cover must be durable for resistance to abrasion,
weathering, oil, and snag damage; a nontoxic inside tube should
be impervious to breathing gases . Hoses must be flexible, kink
resistant, and easy to handle. Low-quality, inexpensive air hose
should be avoided. Although a hose may have a suffi cient pres-
sure rating, it may shrink considerably when pressurized. A
reduction in gas supply hose length will cause "looping" of
the other members of the umbi'Iical assembly between tapings.
This increases the potential of snagging the umbilical hose
during a dive. Consequently, to avoid problems, the percent
of shrinkage must be determined prior to purchase and the
umbilical assembly must be taped while the hose is pressurized.
Length change under 100-150 lb/in2 pressure should not exceed
2 percent.

A satisfactory hose commonly used f' or diving is synthetic rubber
hydraulic hose that meets or exceeds requirements SAE 100 R-3.
An example is Gates lg HB hydraulic hose �-fiber braid, SAE 100
R-3, 3/8-in. ID, 3/4-in. OD, working pressure of ll25 lb/in2!.
Standard brass reuseable oxygen fi tting  9/16-in ., l8, female!
are recommended. A'll University of Michigan hoses are equipped
with female fittings at both ends; two-hose assemblies may be
coupled wi th a double male fitting. This standardization has
proven satisfactory and enhances equipment handling procedures .

Periodically, the gas supply hose should be visually inspected
and pressure tested. Plhen the air supply hose  SAE 100 R-3 or
equivalent! i s three years old, a 350- lb/in2 air pressure test
with a concurrent elongation load of 250 lb on the couplings
held for a period of 1 min is recommended. The hose should be
tested every six months thereafter and hoses more than f'ive
years old should not be used for diving .

7.5,2 RteuNrCATrONS NrRE

Th nications wire must be durable enough to prevent parting
d to strain on the umbilical assembly, and have an u j

e communic
n o ter 'acket

that is waterproof and oil and abrasion resistant.
ue os

A two, three,
or four size 16 or 18 conductor shield wire with a neoprene outer

k t ' t'sfactory. Although only two conductors are in ser-
vice at one time, the extra conductors may be used for rap'

th t of one of the conductors breaking while in
service. The wire-braid shielding adds considerable streng th



7-22

to the umbilical assembly, For example, spiral 4 communications
'line with four F1 8 plastic-coated conductors embedded in a vinyl
filler surrounded by stainless-steel wire braid and synthetic
cover has a breaking strength rating in excess of 1460 lb.

The wire is fi tted with connectors compatible wi th those on the
mask or he'Imet. Four conductor, waterproof, Marsh-Marine "guick
Connectors" are highly satisfactory. These connectors are of a
socket-type configuration. When joined together, the four elec-
trica] pin connections are established and a watertight seal is
formed, insulating the wire from the surrounding sea water.
Many masks and helmets are equipped with post binders instead
of socket-type connectors or as a backup. The conductor wires
may be attached directly to these terminals; however, the
quality of communications is lowered.

7.5.3 "K LUGE OR PNElNO RSE

The "Kluge" hose is a small hose that is open at the diver' s
end and connected to an air source and pneumofathometer at the
surface. The pneumofathometer is a gauge which indicates the
depth and gauge pressure at which the diver is working. This
is the most accurate and reliable method of determining the
diver's depth  providing that the pneumofathometer gauge is
protected from abuse and calibrated periodically!. The hose
should be lightweight, small, flexible, and durable. Although
the open tube is not subjected to high pressure, i t should have
a working pressure capacity of 200-250 lb/in2. Lightweight air
hose  .25-in. ID!, extruded seamless nylon tubing  .17-in. ID,
.25-in. OD, 250 lb/in2 maximum working pressure!, or thermoplas-
tic tubing with external open polyester braid  ,25-in. ID,
.456-in. OD, 250 lb/in2 maximum working pressure! have been
found satisfactory. Standard oxygen fittings are recommended.

To determine the diver's depth, air  gas! is introduced into the
"Kluge" hose at the surface, thus forcing the water out at the
diver's end. When the hose is clear of water, excess air escapes.
The gauge connected to the hose on the surface indicates the
pressure required to clear the hose of water and the diver' s
depth.

7I5,4 HOT-HATER SUPPLY HOSE

A 1/2-in. inside diameter, insulated hose is used to supply hot
water to the diver's suit. The hose is equipped with a quick-
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disconnect, female fitting which is compatible with the diving
suit rranifold.

7i5,5 ASSEMBLY OF lJNBILICAL k!SE
The various components of the umbilical hose are assembled and
taped at approxirtiately 1-ft intervals with black, plastic elec-
trician's tape or 2-in. wide, polyethylene cloth, laminated tape
 duct tape}. The 2-in. duct tape is recommended. Prior to
taping, the various components are laid out adjacent to each
other and inspected for dar age or abnormalities. The gas supply
hose is plugged at one end and pressurized to working pressure
 generally 120-200 lb/in2, depending on depth! to ensure that
the shrinkage factor wi 11 not cause "loooi ng" when the umbilical
hose is in use. Divers have personal preferences with regard to
the configuration of tne assemb1y at the mask or helmet end.
Hhen assembling the umbilical hose, take into account the length
of mask or helmet hose whip  if used! and commun~cat~ ons whi p
and the hot-water hose connection location. General1y the com-
municationss wi re is longer than the rest of the assembly at
the diver's end. This provides an extra length of wi re in the
event that repairs must be accori~plished at the diver's end.
The excess is looped around the umbilical hose and secured with
tape. If there is a possibility that several assembly lengths
may be joined to provide a 1onger umbilical assembly, all
lengths must be carefully measured and assembled for compatibility.
It is best to start taping at the diver's end and work toward the
surface end.

A swivel snap shackle or special air hose clamp is secured to the
umbilical assembly to facilitate attachment to the diver's har-
ness and preverit pull on the helmet and mask when in use. The
shackle may be tightly secured to the umbilical assembly with
several wraps of 1/4-in. nylon line. Attachment location will
depend on the harness assembly and diver's personal preference.

7 5 6 OSE AND STORAGE OF lJNBILICAL IIOSE

After the umbilical hose is assembled, it should be stored and
transported with protection provided for hose and communications
fittings. The hose ends should be capped with plastic protectors
or taped closed to keep out foreign matter and to protect thread-
ed fittings. The umbilical hose may be coiled on take-up reel
assemblies, "figure-eighted," or coiled on deck with one loop
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over and one loop under. Incorrect coiling, all in the same
direction, will cause twist and, subsequently, handling problems.
The tender should check the umbilical assembly at the end of
each dive to ensure that there are no twists. The coil should
be secured with a number of ties to prevent uncoiling during
handling. Placing the umbilical assembly in a large canvas
bag or wrapping it in a tarp will prevent damage during transport.

7,6 HARING I RE  ON%NICATIONS $YSTEM

The underwater telephone or hardwire system  Figure 7-8! used
for surface-supplied diver corrrnunications represents the great-
est potential for inte11igible communications. The amplifier
case is the heart of the system and contains the amplifier, the
tender's reproducer, the control switches, the volume control,
the power switch and the diver's jacks. These components are
contained in a weatherproof wood, plastic, or metal case for
protection. Most units are powered by internal, 6- or 12-volt,
lantern-type batteries, which provide continuous operation on
moderate volume output for 26 hr or more. Some units feature
connections for external power supply. Other units incorpor-
ate redundant batteries so that there is always a spare in case
of emergency.

The tender's reproducer, mounted in the amplifier case, serves
as a loud speaker when the diver is talking and as a microphone
when the tender is talking. In most units the tender must de-
press a spring-return "tender-to-diver" switch to communicate.
When the switch is in a normal position, the tender hears al'1
divers connected to the uni t. Amplifiers are available in one-,
two-, or three-diver models.

On multiple-diver units, separate spring-return control switches
marked "diver to diver" are used for diver-to-diver communications.
By pressing a switch, a designated diver may communicate with
another diver. The control-switch configuration will depend
on the make of the unit. Effective use of this feature requires
a certain amount of circui t discipline. All swi tching is done
by the tender. If Diver No. 1 wishes to speak with Diver No.
2, he calls, "Diver 1 to Diver 2." The tender presses the tender-
to-diver key and says, "Go ahead Diver 1" or "Roger Diver 1,"
and immediately releases the tender to diver key and holds Diver
No. 1-to-Diver No. 2 key. At the end of the message, Diver No.
1 will say "over" if he requires a reply from Diver No. 2 or
"out" if transmission is completed. The tender maintains the
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circuit discipline by controlling transmissions. He acknowl-
edges completion of diver-to-diver transmission.

A microphone is located in the diver's he1met or oral-nasal
mask assembly and earphones are placed next to the diver' s
ears to eliminate noise to the diver and acoustic feedback to
the microphone. The diver has no switches or keys to activated
Volume and tone are controlled by the tender. The di ver may
call for adjustment in volume or tone during the dive.

Oetails of the communications wire are discussed in Section
7.5.2. The type of surface plug  or jack! will depend on the
make of the unit.

All communications should be concise with clean and distinct
pronunciations of words: avoid 1engthy sentences. Keep com-
munication requirements limited to only those necessary for
safety and completion of the mission. Communications procedures
are essentially the same as those used for radio communication.
The tender should be constantly alert for cal'Is from the diver.
The fol1owing terms are frequently used:

tender or diver completes transmis-
sion and requires a reply.

Over

Say Again
or Repeat

transmission not understood and must
be repeated.

Roger transmission understood.

The diver communication system is designed to be as rugged as
possib'Ie; however, it fundamentally remains a piece of elec-
tronic equipment and must be protected from shock and moisture.
Most mask and helmet components are only water resistant and
not ~ate~roof. They must be especial ly protected from salt
water. The unit should be maintained and repaired in accordance
with manufacturer's instructions.

On critical transmissions the tender may require the diver to re-
peat the transmission he just received to ensure accuracy. This
is common procedure for ascent orders and decompression schedules.
The diver may also request, a repeat if he is transmitting critical
data. Repeat transmission requirements may be prearranged or on
a given request by the diver or tender by saying, "repeat" or
"repeat my last."
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7.7 AccEssoRY EQUIPMENT

See Figure 7-9.

7,7.1 EOVERALj S

Coveralls of cotton, nylon, or 'light canvas are used to protect
the diving suit against wear and chafe. Standard workman's cover-
alls are adequate; however, nylon "f]ight-suits" are more satis-
factory. The coveralls should not be so tight that they inhibit
the diver's movements nor should they be extremely loose.

7,7.2 'HEIGHT BELT

The weight belt  Figure 7-gc! provides the necessary ballast
to overcome the positive buoyancy of the breathing equipment
and dress. Generally, lead weights � lb each! are secured
to a leather or fiber be1t with bolts. The belt is approximately
4 in. wide and fitted with a quick-release fastener. Some belts
are also equipped with shou'Ider and/or jockstraps. The use of
SCUHA diving weight belts with heavy surface-supplied equipment
is not recommended. Leather belts should be periodically coat-
ed with neat's-foot oil.

7,7.3 SHOES AND le HEIGHTS

Weighted shoes  Figure 7-9d! or leg weights are used in conjunc-
tion with the weight belt to overcome positive buoyancy and to
give stability to the di ver. Standard weighted shoes consist of
a lead or brass sole; hardwood upper sole and either canvas
or leather uppers; lacing cord; leather straps to hold the shoe
in place; and a protective brass toe piece. US Navy lightweight
shoes weigh approximately 20 lb/pair.

Leg weights consist of one large or several small weights attach-
ed to leather or ny1on straps. The straps are fitted with buck-
les for securing the weights to the diver's legs near the ankle.
Weight varys from 4 to 10 lb each, depending on the preference
of the diver. Leg weights provide considerably improved stability
and safety  against blowup! since divers in variable-volume suit
can swim with relative ease while wearing fins and leg weights.



Ei gure 7-9. S'urface-Supplied Di zing Components:  a! Aquadpne
Lightweight Helmet and A'eck~ng for Use u!ith Pet
Suit, Viable-Yo2ume Suit or' 4'ithouS a Suit;
 b! Diver Wearing Hot-Pater Suit, Rrnergenap Gas
Bottle and 8fodified Parachute Bodp Hyness;  c! Weight
Belt aith Quick-Release BuckZe,  d! Diver''s Light-
weight Shoe and Leg Veight  Photos bp Soakers!
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7.7,4 HARNESS

The diver should wear some sort of harness assemb1y to faci1itate
attachment of the umbilical assembly. The harness should be de-
signed to withstand a minimum of 1000 lb pull in any direction
and must prevent strain from being placed on the diver's mask or
helmet when a pull is taken on the hose assembly. A modified
parachute harness  Figure 7-6b} has proven satisfactory for this
purpose as well as the lighter weight, "Gulf" harness  Figure 7-6d!.

7,7,5 EMERGENCY GAS SUPPLY SYSTEM

A self-contained emergency gas supply system  or bai lout unit!
is used in conjunction with surface-supplied diving equipment
for work in excess of a 60 ft depth or when working in tunnels,
pipes, etc., or where there is specific danger of entanglement.
The unit  Figures 7-6a, d; 7-9b! consist of a SCUBA cylinder
assembty, a reduction regulator  first stage of a standard
single-hose regulator!, and a backpack-harness assembly. The
capacity of the SCUBA cylinder assembly will vary from 10 ft3
to 140 ft3, depending on the diver and the situation. The self-
contained emergency gas may be fed directly into the mask through
a special attachment on the side valve or directly into the
diver's air hose assembly. In the latter case, a check valve
should be located between the intersection of the emergency gas
supply hose and the primary surface supply hose. A valve is use-
ful for meteri ng the gas into the helmet and facilitating rapid
activation of the emergency unit. Aquadyne, Incorporated manu-
factures a speci'al manifold assembly complete with check valve
and on-off valve  Figure 7-6a, c!.

7,7 6 HEAD PROTECTORS

Head protectors  Figure 7-6a, d! are used with the free-flow/
demand mask to prevent injury to the diver's head. The helmet-
style protector is generally constructed of fiber glass and de-
signed to absorb shock either through interna1 padding or special
attachment to the mask. Head protectors are recommended when
working under boats or other types of obstructions.

7.7.7 IOIFE

A11 divers should carry a sharp diver's knife in a proper scabbard.
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The scabbard should be secured to the diver's be1t, leg, or
arm. The diver's knife is discussed in more detail in Sec-
tion 6.7.5.

7.8 DIVING PROCEDURES

In addition to the diving procedures previously discussed, the
fol lowing must be considered for surface-supplied diving operations.

7,8, 1 PRELIMINARY PREPARATIONS

In addition to general dive planning given in the chapter on
diving procedures, the fo1lowing procedures should be carried
out prior to the dive:

Assemble air supply system, including compressor
and/or high-pressure cylinders and umbilical as-
sembly, and pressure test for leaks.

:2+':,' When using high-pressure cylinders, gauge and mark
each cylinder to ensure that all personnel know
which cylinders are full and are to be used for
the dive.

Check air regulation or control system. including
emergency switching to secondary air supply and
back-up regulator  if so equipped!.

:,-"O'.:-.:,:,' Mask or helmet should be prepared as previously
discussed.

Prepare chamber so it is ready for immediate use
in the event of an emergency and have personnel
standing by to operate chamber.

::4'-::� Assemble all equipment for final check bI Sender,
diver, and calve supervisor.

'-,,'-,:II.,:',: The tender and/or dive supervisor will enter nec-
essary information into the "rough" diving log.

7.8,2 QI CULJTINC AIR P~aUIREMENTS

The most important consideration in surface-supplied diving is
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that of providing the diver with an adequate breathing gas
supply. Since 3 percent carbon dioxide concentration at
atmospheric pressure is about the maximum that can be tolera-
ted without distress, it is essential that the equivalent
partial pressure not be exceeded in the helmet or mask. For
free-flow mask and lightweight helmet ventilation, a minimum
air supply of 1.5 ft3./min  measured at the absolute pressure
of the diver's depth! is adequate only for light work. Ideally,
the volume of air available to the diver should be at least
4.5 ft3/min at depth. To determine the volume of free air
 as measured at the surface! required by a diver, the follow-
ing formula may be used  US Navy, l970!:

S = 4.5N D ' 33
33

where S is air supply in cubic feet of free air per minute, N
is the number of divers using a single air source, and 0 is
the depth in feet.

A similar formula used by University of Michigan divers to cal-culate flow rate is Rf = 4.5P
a'

where Rf is flow rate in cubic feet per minute and Pa is ambient
pressure at working depth in atmospheres. This result must, ot
course, be multiplied by the number of divers using a qiven air
source.

For example, one diver working at a depth of 100 ft using a
lightweight helmet would require

R = 4.5�!

= 18 ft /min.

Naturally, the di ver will reoul ate the volume in accordance wi th
his work level and personal requi rements. However, the air source
should be capable of providing the 4.5 ft3/min surface equivalent.

The free-f]ow/demand mask  and surface-supplied demand regulator
or hookah! must also have a 4.5 ft3/min surface equivalent tlow
rate when used in the free-flow mode, However, demand-mode re-
quirements are similar to those of SCUBA and wil,l vary from .75
to 3 ft3/min surface equivalent, depending upon the diver's act-
tivity level.
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Flow rate for demand mode may be calculated using the following
formul a:

Rd=C P!,

where Rq is demand flow rate  ft3/min}, Cs is surface consump-
tion raKe  ft3/min!, and Pa is ambient pressure at working
depth in atmospheres.

Mhen using a free-flow mask or lightweight helmet, a hose pres-
sure of at least 50 lb/in2 over ambient is required for divers
in less than 120 ft depth and 100 lb/in2 over ambient is required
for depths exceeding 120 ft. Hose pressure may be calculated
using the following formulas:

Ph <120! = .445D + 65

Ph >120! = .445D + 115

where Ph <120}, Ph >120! equal minimum hose pressure for less
than 125 ft and greater than 120 ft, respectively, and D is work-
ing depth. For example, the hose pressure for a helmet diver
working at 100 ft is

P  <120! = .445�00! + 65
h

= 110 lb/in

In some cases, small compressors will not be capable of deliver-
ing pressures recommended here. Always maintain a pressure of
at Feast 2 atm in excess of abao2~te bottom p>essive. This is
necessary to provide the diver with immediate available pressure
in the event of a fall, thereby possibly preventing barotrauma,
or increase flow requirements. Hose pressure requirements are
also increased when using exceptionally long tethers. Graphs
given by Hansen �972} may also be used to determine flow rate
and hose pressure  Figure 7-3}.

Recommended hose pressure �/8-in. ID hose! for a free-flow/de-
mand mask  ano hookah! is 100 lb/in2 in excess of ambient pres-
sure at working depth,
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h f/d! '445I3 + 115

where Ph f/d!equals minimum hose pressure for free-flow/demand
mask. Modern free-flow/demand masks are designed to function
at hose pressures of 50-200 lb/in~  depending on make! over
ambient. The 100 lb/in~ figure is considered most satisfactory.

7,8,3 DRESSING PROCEDURES

The dressing procedures will depend upon the type of diving
dress or sui t and helmet or mask used. Specific instructions
for donning various types of diving suits are included in this
manual under cold-water diving or in special manuals supplied
by the sui t manufacturer. Instructions for preparation of
masks and helmets have been discussed previously. Prior to
starting dressing procedures, the air supply system should be
operational and the mask or helmet completely prepared for
divino. The following is a generalized dressing procedure
applicable to most surface-supplied diving systems:

':1;;;, Don diving dress or suit with assistance from the
tender s! if necessary.

2'.'-" Don diver's harness, secure, and adjust

-:3-.- If weighted diving shoes or ankle weights are
used, they are placed on the diver by the tender
and secured. If fins are used, they may be donned
later with the assistance of the tender.

O', Don neckring and secure if hei~et is to be used,

5'-," Don and adjust weight belt

lp,' Secure knife to belt, leg, or arm  diver's preference!

With the diver or a second t.ender holding the mask
or helmet, secure bailout unit.

8..'=:: Don mask or helmet and secure mask harness or hel-
met clamp. A separate head protector used with the
Aquadyne mas1. is now donned.

Secure the umbilical assembly to harness.
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::l5':: The tender ensures that the diver is properly
dressed, that all equipment is functioning
properly, and informs the diving supervisor that
the diver is ready.

7,8.4 THE Dtm

When all personnel have completed dressing-in, checking equip-
ment, and final briefings, the captain  if diving from a vessel!
is notified that the diver s! is  are! ready to enter the water.
He must give clearance before the diving operation can commence.
Entry technique will depend upon staging area or type of vessel.
The diver should enter the water using a ladder or be lowered
on a diving stage. Jump entries are discouraged. Upon entering
the water, the diver should stop at the surface to make a final
equipment check. The dive procedure is as follows:

Adjust buoyancy if necessary. Whether the diver
is weighted neutral or negative will depend on
the mission requirements'

.::.::2.'.; Ensure that air supply system, helmet or mask, and
communications are functioning properly. If not,
corrections must be made prior to descent. Neve2'
dive with malfunctioning equipment.

The tender should also verify that all equipment
is functioning satisfactorily.

The diver is given permission to descend by the
diving supervisor.

::5~-- :The diver descends down a descent or "shot" line.
A timer is started when the diver begins his de-
scent. Descent rate will depend on the diver;
however, it should generally not exceed 75 ft/min.

::kj::::- The diver must equalize pressure in his ears and
sinuses during descent. If equalization is not
possible, the dive must be terminated.

:7.::::.'::: When descending in a tideway or current, the diver
should keep his back to the current so he will be
forced against the descent line.
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When the diver reaches the bottom, he should in-
form the tender of his status.

::'.9.+: ,Regulate buoyancy and regulate air flow if necessary
before releasing descent line.

I6:::.:: At. tach distance line, if used, and proceed to work
area. A distance line should be used when visibility
is extremely poor and the diver cannot see his de-
scent line from a distance.

Upon leaving the descent line, proceed slowly to
conserve energy. It is advisable to carry one turn
of the umbilical hose in your hand.

3P+ Pass over, not under, wreckage and obstructions.

If moving against a current, it may be necessary
to assume a crawling position.

X4:::.:: Xf the diver is required to enter wreckage, tunnels,
etc., a second diver should be down to tend his um-
bilical hose at the entrance.

3,:5,: Avoid excessive exertion. The tender should monitor
breathing rate and call for the diver to "stop, z'est,
end Ventilate" as required. Also, avoid excessive
excitement. This can enhance the onset of fatigue.
Slow methodical efforts are always best in an emergency.

The tender must keep the diver constant'lg informed
of his bottom time. Always notify the diver a few
minutes in advance of termination time so he can com-
plete his task and prepare for ascent.

7.8.5 TENDING ~E DIma

Surface tenders should also be experienced divers. The most
effective assistance can be given on'Iy by a tender who is familiar
with the equipment, procedures, safety precautions, conditions,
and difficulties that are inherent in diving. It is the tender's
responsibility to see that the diver receives proper care while
both topsi de and underwater. He must check all equipment before
sending the diver down.
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~ Tender to Diver ~

Are you all right?  When the diver is
descending, 1 pull means stop.!

1 puwl-

2 pulls--------------Going down.  During ascent, you have come
up too f ar . Go back down unti 1 I stop you. !

3 pulls------------ � Stand-by to come up.

4 pulls--------------Come up.

2-1 pulls- � ------- � I understand, or answer the telephone.

~ Dive> to Tender+

I am a Il right.1 pull

2 pulls------------ � Give me slack or lower me.

Take in my slack.3 pulls

4 pulls--------------Haul me up.

2-1 pulls------------I understand, or answer the telephone.

Give me more air.3-2 pulls-

4-3 pulls---------- � Give me less air.

~ Emergency Signals: Diver Co Tender o

2-2-2 pulls----------I am fouled and need the assistance of
another di ver.

3-3-3 pulls----------I am fouled but can clear myself.

4-4-4 pulls----------Haul me up iomediately.

Special signals may be prepared to meet mission requirements.

While the diver is submerged, the tender handles the umbilical
assembly, maintains communications, and monitors air flow. The
usual means of communications between diver and tender is by inter-
com; however, it is important that basic line signals be memor-
ized and practiced so they will be recognized instantly in the
event of intercom failure or if apparatus not fitted with an
intercom is used. The following are line or hand signals as
given by the US Navy �970! for air diving:
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In tending the diver's umbilical assembly, or lines, the ten-
der must not hold the diver's line so taut as to interfere with
the diver's work. The diver should be given 2-3 ft of slack
when he is on the bottom, but not so much that he cannot be felt
from time to time. Signa1s cannot be received on a slack 1ine;
consequently, the diver's lines must be kept in hand with proper
tension at all times.

Line- pull signals consis t of a series of sharp, distinct pulls,
strong enough for the diver or tender to feel but not so strong
as to pull the diver away from his work. Nhen sending signals,
take a11 of the slack out of the line first. Repeat signal
until answered. The only signal not answered when received is
the emergency "haul me up," and "come up" is delayed until the
diver is ready. Continued fai1ure to respond to signal may in-
dicate that there is too much slack in the line, the line is
fouled, or the diver is incapacitated. If contact with the di-
ver is lost, the following procedures should be followed:

.1. If intercom communications is lost, the tender
should attempt line-pull communications immediately.

2:::;-,: Depending upon diving conditions and previous
arrangements made during planning, the dive may
be terminated or continued to completion with line-
pull signals. Generally, in research diving, it
is best to terminate the dive to resolve the prob-
lem or reorganize the dive plan.

'3;: :If the tender receives no immediate line-pull signal
reply from the diver, he should take a greater strain
on the line and signal again. Considerable resistance
to the tender's pull may indicate that the umbilical
line is fouled. A stand-by diver should be dis-
patched as soon as possible.

If t nder feels sufficient tension on the line to
conclude that it is still attached to the diver, yet
receives no signals, he must assume that the diver
is unconscious. In this event, he should dispatch
a stand-by diver immediately.

If a stand � by diver is unavailable, or it is consider-
ed unwise to use one, the diver must be pulled very
slowly to the surface. Prepare to administer first
aid and recompression. Note: If the diver is wearing
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variable-volume dry suit,

used only as a last resort.
is almost unavoidable without

another diver.

a closed-dress or

this procedure is
Subsequent blowup
the assistance of

The tender should continuously monitor the diver's depth and
underwater time. He should inform the diver several minutes
before the expiration of bottom time so that the diver can
make necessary preparations for ascent. In addition, he must
continually monitor the diver's activi ty. For example, the
tender can frequently evaluate the diver's exertion by count-
ing the number of breaths per minute. Experienced tenders will
learn the diver's normal breathing rate. Significant increase
in breathing rate may indicate potential over-exertion si tuations.
The tender may ask the diver to stop work, rest, and ventilate
his helmet or mask.

7,8,6 FOULINb

A surface-supplied diver's umbilical line may become fouled in
mooring lines, wreckage, or underwater structures, or the diver
may be trapped by the cave-in of a tunnel or shifting of' heavy
objects. The surface-supplied diver is in a much better sit-
uation to survive since he has a virtually unlimited air supply
and generally the ability to communicate, thus facilitating
rescue operations. Consequences of fouling may result in fatigue,
exposure, and prolonged submergence, with subsequent prolonged
decompression. If the diver becomes fouled, he should �! remain
calm, �! think, �! describe the situation to his tender, and
�! systematically attempt to determine the cause and to clear
himself. He should use a knife cautiously to avoid cutting por-
tions of the umbilical assembly. If efforts to clear himself
prove futile, he should call for a stand-by diver and calmly
wait. Struggling and panic can only make the si tuation worse.

Divers should proceed cautiously underwater and attempt to rec-
ognize obstructions, etc. which might cause fouling. Pass over
or around if possible, not under. Proper precautions can usually
avert fouling.

The tender may also have to serve as timekeeper. This job includes
keeping an accurate record of the dive time and details of the
dive. When possible, a separate timekeeper should be used or the
timekeeper duties hand'led by the diving supervisor.
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7,8,7 BLOWUP

Blowup is a hazard for the diver using a c'losed-dress  deep-sea
or lightweight helmet connected to dry-type sui t outfit! or
variable-volume dry suit  UNISUIT or equivalent!. Blowup is
caused by overinflation of the dress or suit, too strong or
rapid of pull by the tender, or by the drag of the current
causing the diver to lose hold of the bottom or descending line
and thus sweeping him to the surface, Accidental inversion of
the diver, with subsequent filling of the legs with large amounts
of air, may result in an uncontrolled blowup. This hazard even
exists for the SCUBA diver when using a variable-volume sui t.

Accidental blowup may result in injuries such as

~ air embolism ~

~ decompression sickness, and

~ physical injury from head striking on some object
such as the bottom of the ship.

The diver must be certain that all exhaus t valves are functioning
properly before descending. The diving suit or dress should be
of proper size  especially length! to avoid excessive space in
the legs for accumu'lation of' air should the diver become inverted.
This is especially true for divers wearing variable-volume suits.
Divers must be trained under controlled conditions, preferably
in a swimming pool, in the use of all closed-type diving suits,
regardless of previous experience with other types, "Controlled"
blowups employed by some divers for ascent should be discouraged.

A blowup victim should not be allowed to continue the dive. If
the diver appears to have no ill effects and is still within the
no-decompression range as prescribed by the tables, he should
return to 10 ft and decompress for the amount of time that would
normally be required for ascent from his working depth. He should
then be surfaced, dressed out, and observed for signs of air em-
bolism and decompression sickness.

If the victim is near or within the decompression requirements,
he should be recompressed in a chamber and decompressed in
accordance with surface decompression procedures if it appears
that surface decompression tables offer an immediate solution.
If not, the victim should be recompressed in a chamber to 100
ft for 30 min and treated in accordance with Table 1-30  US
Navy treatment tables; see Appendix C!. If no chamber is
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available and the victim is conscious, he should be treated
in accordance with procedures for interrupted or omitted de-
compression. If the victim is unconscious, the procedures
for handling victims of air embolism and decompression sick-
ness should be followed.

7,8,8 ASCENT

When bottom time is up or the mission is comp'leted, the diver
will return to his ascent line and signal his tender that he
is ready for ascent. The ascent procedure is as follows:

The tender will pull in excess umbilical line and
take a slight strain on the umbilical line. He
will pulI slowly and steadily at the prescribed
rate  generally 60 ft/min!.

A timer is started at the beginning of ascent and
the tender will watch the timer and pneumo«thom-
eter to control ascent rate.

The diver will regulate his buoyancy, if using a
closed- or variable-volume suit, to aid the tender.
Be cautious to avoid overinflation of dress and sub-
sequent "blowup."

',:;"4::.':: :The diver should never let go of his line> and may
"climb" the line to aid the tender.

;.;:5,".''-: The tender or dive supervisor must inform the diver
well in advance of his decompression requirements.
A diving stage may be required for long decompressions.

When decompression is completed, the diver is taken
on board via the ladder or diving stage.

7,8,9 POSTDIm PROt:EDURES

The divers should be helped from the water and aided with removal
of equipment by surface personnel. The divers should be observed
for signs of sickness or injury resulting from the dive and warm-
ing procedures should be commenced as soon as possible. Preventive
maintenance on equipment should be undertaken as soon as possible
after the dive. The divers and tenders should report any defects
noted during or after the dive and the defective equipment should
be tagged for corrective maintenance. Divers should be debriefed
and the log completed.
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horizontal distance between successive crests, height is the verti-
cal distance between crest and t~ough, and period is the time re-
quired for the movement of two successive crests  or troughs! past
a given reference point  Figure 8-1!.

dave  .haracteristics: �! h'ave rest; �! Pave Kenneth;
 8! Direction of tv'ave TraveZ; �! lieiqht, �! Pave
rough;  8! '-.'t-'.ZZ-Pater l'eveZ;  i'! depth,  8! Ocean

Botton  Baker et aZ., 79b5!

Waves are moving �orms, a translation of' energy from water particle
to water particle, with very little mass transport of the water.
The volume of water transported by the passing wave form is negli-
gible for waves of small steepness  under normal conditions! and
can be disregarded for all practical purposes. The water particles
within a wave move in an orbital motion  Figure 8-2!. The surface
particles move in a circular orbit exactly equal to wave height;
below the surface, the orbits become smaller and, in an ideal deep-
water wave, the diameters diminish with increasing depth.

Common water waves develop under the influence of newly formed winds
 Figure 3-3!. The air pressure changes on the surface and the fric-
tional drag of the moving air of these winds develop ripples on the
water surface which evolve into waves whose dimensions tend to in-
crease with the wind velocity, duration, and f'etch  the length of
the area over which the wind is blowing!. Energy is transferred
directly from the atmosphere to the water. The waves grow in height
and steepness  height/length ratio! until, in some cases, the wave
breaks at a steepness of about 1:7 to form whitecaps. In a steady
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."o �.~~ection oJ ave  Z'r«vexing fz'om 'ef't to iL'ight!:
Fir'oleo iep2"eseni: Vate' Particles in the iVave

~iguj e 8-2.

FULLY
DEVELOPED SEk5 WIND W+VE5SwELL

FigLEr e 8-8. Diag+am of Wave Development
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wind, waves of various dimensions develop with progressively in-
creasing heights and periods until a steady state is reached in
which the sea is fully developed for the prevailing wind speed.
This steady state is maintained as long as the wind remains con-
stant. These waves, generated locally by a continuing wind, are
known as sea. Although this local sea originated in a single wind
system, it is a combination of many different superimposed wave
trains with various heights and directions. This gives the appear-
ance of a rapidly changing ocean surface.

Sea persists only in the fetch area and for the duration of the
generating wind. When the wind velocity decreases or the wave
leaves the fetch area, it is called a swell Uaue. Swell waves are
characterized by long, rounded crests and decreased wave heights
relative to sea waves, and they are more regular in height, period,
and direction. As a swell wave progresses, in absence of a sustain-
ing wind, its height decreases, with a consequent reduction in wave
steepness. This change in wave form is known as ~ave deca@, One
cause of wave decay is a loss of energy from the wave that is brought
about by internal friction, wind resistance, current action, and the
ef'f'ects of solid objects  ice, seaweed, land masses, etc.! in the
path of the wave,

8,1,2 kVES IN Sl-lALLOW '&TER

As the wave forms approach shore and move across shal'low bottoms,
they are reflected, diffracted, and refracted. When a wave encoun-
ters a vertical wall, such as a steep rocky cliff rising from deep
water or a seawall, it is re~7.ected back upon itself with little loss
of energy  Figure 8-4!. If the period of the approaching wave train
is regular, a pattern of standing waves may be established in which
the orbits of the approaching and reflected waves modify each other in
such a way that there is only vertical water motion against the cliff
and only horizontal motion at a distance out of one-fourth wave
length. Submerged barriers, e.g., as a coral reef, will also cause
reflections.

When a wave encounters an obstruction, the wave motion is 2 ffraetei
around it  Figure 8-5!. As the waves pass the obstruction, some of
their energy is propagated sideways due to friction with the obstruc-
tion, and the wave crest bends into the apparently sheltered area.

As the wave train moves into shallow water, the friction on the bot-
tom causes it to slow. Since different segments of the wave front
are moving in different depths of water, the crest bend and the wave
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Figure 8-4. >/aue Fi'ef Lection

direction constantly change. This
is called refraction  Figure 8-6!.
Essentially the wave crest or
front parallels the contours of
the bottom. A simple example of
refraction is that of a set of
waves approaching a straight shore-
line at an angle. The part of each
wave nearest shore is moving in
shallower water and, consequently,
is moving slower than the part in
deeper water. Thus the wave fronts
tend to become parallel to the
shoreline and the observer on the
beach will see larger waves coming
directly toward him. On an uneven
shoreline the effect of refraction
is to concentrate the wave energy
on points of land and disperse the
wave energy in coves or embayments.
Submarine depressions, i.e., can-
yons, also cause the waves to react
in a similar fashion, The waves FigEE>e 8-5. Wave i fJxacdion
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Fi par e 8-6. Vave .R'e fracti.on  B~~ker et aL., 2966!

dissipate over the canyon and increase in intensity on the perim-
eter of the canyon. Any irregularities in bottom topography in
shc~lo~ waters will cause refraction to some degree.

A knowledge of the behavior of waves as they enter shallow water
is of considerable significance to SCUBA divers when planning en-
tries from shore. By observing wave patterns and by studying the
shoreline configuration and bottom topography, the diver can se-
lect the locations where wave energy and, consequently, height is
least. This will aid entry and nearshore work.

8,1.5 SURF

As swell, the waves traverse vast expanses of ocean with little
modification or loss of energy. However, as the waves enter shal-
low water, the motion of the water particles beneath the surface is
altered. When the wave enters water of depth equal to or less than
one-half the wavelength, it is said to "feel bottom." The circular
orbital motion of the water particles becomes elliptica'l, flattening
with depth. Along the bottom, the particles oscillate in a straight
line parallel to the direction of wave travel.

As the wave "feels bottom," its wave length decreases and steepness
increases. Furthermore, as the wave crest moves into water where
the depth is about twice that of the wave height, the crest changes
from rounded to a higher, more pointed mass of water. The orbital
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�! Sur f Zone, �! Trans 2atory Iv'aues;  8! 1nner Line o!
Br eaker s; �! Peaked-up lv'ave; �! Reformed Gsci 22atory
blaue,  8! Outer Line of Breakers; �! Sti 22-Pater Level.;
 8! Haves F2atten Again;  9! Haves Break Up but Do l'lot
Break on This Bar' at High Tiae; �0! Limit of Upr'ush;
�1! Uprush; �2! Backrush, �3! Beach Face; �4! Znner
Bar; �5! Outer Bar  inner Bar at Lou Tide!; �8! Deep
Bar  Outer' Bar' at Low Tide!; �7! Mean Lover Los Pater
 MLLE!; �8! Breaker Depth, 2. 8 Height, �9! Pl unoe
Point  Baker et a7., 1968!

Fi gur e 8-7.

Having broken into a mass of turbulent foam, the wave continues
landward under its own momentum. Finally, at the beach face, this
momentum carries it into an uprush or swash, At the uppermost
limit, the wave's energy has diminished. The water transported
landward in the uprush must now return seaward as a backrush, or
current flowing back to the sea. This seaward movement of water
is generally not evident beyond the surface zone or a depth of
2-3 ft. This backrush is not to be considered as an undertou,
Undertow is one of the most ubiquitous myths of the seashore.
1hese mysterious mythical currents are said to flow seaward from

velocity of the water particles at the crest increases with increas-
ing wave height. This sequence of changes is the prelude to the
breaking of the wave. Finally, at a depth of approximately 1.3
times the wave height, when the steepest surface of the wave in-
clines more than 60 degrees from the horizontal, the wave becomes
unstable and the top portion plunges forward. The wave has broken;
this is surf  Figure 8-7!. This zone of "white water," where the
waves finally give up their energy and where systematic water motion
gives way to violent turbulence, is the surf zone, The "white water"
is a mass of water with bubbles of entrapped air.



the beach along the bottom and "pull swimmers under." There are
currents in the surf zone and other water movements which may cause
trouble for swimmers, but not as just described. Such problems will
be discussed later.

Once the wave has broken, if the water deepens again, as it does
where bars or reefs lie adjacent to shore, it may reorganize into
a new wave wi th systematic orbital motion. The new wave is smaller
than the original one and it will proceed into water equal to l.3
times its height and also break. A diver may use the presence ot
waves breaking offshore as an indicator for the location o rocks,
bars, etc. and plan his entry or approach to shore accordingly
 Figure 8-8!.

g.':::;:.::.:.:...:.' . ';: . g:.':i:,,:.::,:::,.;:;:�.r v: '.": '::::<'.:rr.": .:r.v...

r r..,...-.:.,:.,;,,:,r:.R.rr....,:; .'','' ...A+.r -.. K,r i Kr .D .r,r;. r:.',.;...:.":'.Kr:.r..!'+. r.+.ray..;rRr.:..,;v;rv'r'rr

GRADUAL S EOP ING SHORE

REEF BREAKER
SHORE BREAKER

p rg?'v'' .:'..'?AX:r'>:vr
vrr!.'i<r,':%':;>gp'vrr

.,i'rrarRrvr4j:??r'rr'KCfx4>8>v? E?r'v'rr'i~ r'ir'wj E r'jRr'Rr.'v:r.'>%PPD@g':rrrv?r,K? i~iviP~jSjgrvB rjCgjy'rB g~~~+<.;<:;i.,::>rr'vrgro4?r? R?:i~;,.';i;...q,..rr',;..i'vrr;,.-.r..-.:;: ~.;;;?: ".gp>j~4>>Ri4r~~r~rv'rivi'ea~Org~n v'R~'ogK?i i+i v?i~ iPg@<pp~4' v 4~qo

R EEF

Figure 8-8,  a! ~'Ito it=i oz Ree, 0//8noxe;  b! Bar or Reef Of'fshore

One characteristic of waves most evident to an observer standing on
shore is the variability in the height of breakers. They generally
approach in groups of three or four high waves, followed by another
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group of relatively small waves. This phenomena is frequently the
result of the arrival of two sets of swell s!  from two different
storms or sources!, of nearly the same wave period, at the same
time. When the crest of the two sets of swell s! coincide, they
reinforce each other and produce waves higher than those of either
set. When the crests of one set coincide with the troughs in the
other set, a cancelation effect, results in smaller waves. By study-
ing the waves, the diver can determine the "s~rf beat, " or frequency
of the pattern  Figure 8-9!, and time his entry  or exit! to coincide
wi th the period of minimum wave hei ght. Two groups of waves, each
with a period of about I2 sec, combine to cause an over "surf beat"
period of 2 min. Consequently, under such conditions, a period of
minimum wave height can be expected everv 2 min.

I sJ 'I I r

Pave Intefer'ence and Sue'7 Beat:  A! 22o h'avee of
ZquaZ Height and ! lear Zy BqvaZ length 2'raveZing in
the Same Direction, Sho~ with ResuZting Pave Pat-
te~;  B! Sirni Zar information for SRor t Vavee and
Long Sue ZZ  Bonsai tch, 2966! .

Fi ger e 8-9.

Cur'r'ents

In and adjacent to the surf zone, currente are generated by waves
approaching the bottom contours at an angle and by irregularities in
the bottom. When waves approach the shore at an angle, a longshore
current is generated which flows paraZZeZ to the beach within the
surf zone. Longshore currents are most common along straight beaches.
The speeds increase with breaker height, decreasing wave period, in-
creasing angle of breaker line with the beach, and increasing beach
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slope. Speed seldom exceeds 1 knot. As previously discussed, wave
fronts advancing over nonparallel bottom contours are refracted to
cause convergence or divergence of the energy of the waves. Energy
concentrations, in areas of convergence, form barriers to the return-
ing backwash, which is deflected along the beach to areas of less
resistance. These currents turn seaward in concentrations at loca-
tions where there are "weak points," extremely large water accumula-
tions, gaps in the bar or reef, submarine depressions perpendicular
to shore, etc. ard form a ~ip cur~ent through the surf  Figure 8-10!.

The large volume of re-
turning water has a re-
tarding effect upon the
incoming waves. The waves
adjacent to the rip cur-
rent, having greater energy
and not being retarded, ad-
vance faster and farther up
the beach. This is one way
to visually detect a rip
current from shore. The
rip may also be transport-
ing large volumes of sus-
pended material, creating a
muddy appearance.

The knowledgeable diver will
use modest rip currents to

F~9~e 8-20. Nearskore C~zent susie~ aM rapid seaward movement.
 Baker e0 aL., 2866! An unsuspecting swimmer,

when caught in a rip, should ride the current and swim to the side,
not against the current. Outside the surf zone the current widens
and slackens. He can then enter the beach at another location. The
rip current dissipates a short distance from shore.

Most shorelines are not straight features. Irregularities in the
form of coves, bays, points, etc. affect the incoming waves, tidal
movements, and the resultant current patterns. When preparing for
a dive where beach entries and exits are necessary, the diver must
take wave approach, shoreline configuration, and currents into
account. Entries and exits should be planned to avoid high waves,
as on the windward side of points, and to take maximum advantage of
current movements. Avoid dives that require swimming against the
current. Never undertake a dive from an ocean beach without con-
sidering these factors. Hypothetical beach configuration, wave
approach, and current diagrams are included in Figure 8-11 to aid
the diver in the concepts of planning beach-entry dives.
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Sl'iALL DEEP COVES POINTS

SAND BAR - SANDY BEACH - RIP CURRENTROCKY COVE - REEFS

F~p!re 8-22. Shore Types' and C'currents: t'a! SmaZZ, L!eep Coves;
 b! Points;  c! Rocky Cove, Reefs;  d! Sand Baz'-�
Sandy Beach--Rip Current  E = Entry; X = E~it!

For further information on waves and wave-associated currents, refer
to Bascom �964!, King �960!, Russel and MacMillan �953!, and Smith
 l970 a, b!.

Sand Beach Entry

The width of surf zone and the severity of the breaking waves will be
influenced significantly by the slope of the beach. On a graduaZZy
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eLoping beach the surf zone will be wide since the wave will break,
re-form, and break again  Figure 8-12 a!. The diver must observe the
wave pattern and surf beat in order to time his movement into the
surf zone, The best technique for entry is usually to get completely
outfitted  including fins!, select the best time  least wave height!,
and move into the zone backwards while watching the oncoming waves.
As soon as the water is deep enough, the diver should start swimming.
He must swim under the oncoming waves, not attempt to swim over them.
A diver should not stand up and face an oncoming wave. If a float is
used, it should be towed, not pushed into the waves.

GENERAL CHARACTER OF SPILLING RREAKERS

GENERAL CHARACTER OF PLUNGING BREAKERS

Figure 8-2c. Breakers:  a! Spi LLTPLg;  b! F'LLLFLging  Baker e0 aL.,
2966!
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The weight of the equipment, the shift of the normal center of grav-
ity, the restriction of the diving suit, the cumbersome fins, and
the fogginess of the mask are all factors which complicate entries
through surf. A diver can compensate for the shift in center of grav-
ity and the weight of the tank by moving with his knees slightly bent,
feet apart, and leaning slightly forward. When moving, the diver
should slide his feet along the bottom and not attempt to take big
steps. If a diver fa11s or is knocked down, even in shallow water,
he should not attempt to stand and regain his footing. He should
conserve his energy and swim or crawl to deeper wate!  or back to
shore!.

A high surf on a steepZy sZoping beach is extremely dangerous for a
diver in full equipment. The waves will break violently directly on
the beach, with a very narrow surf zone  only a few feet wide!  Figure
8-12 b!. A diver wearing fins may be up-ended by the farce of the water
running down the steep slope after a wave has broken. The diver must
evaluate both the shoreline and the surf conditions to determine if
safe entry is possible. Under severe conditions, the best judgment
may be to abort the dive. To make the entry, the diver should move
as close to the water's edge as possible, select the proper time
 smallest wave!, and move into the water and under the oncoming wave
as soon a8 possibZa. On steeply sloping beaches in Hawaii, divers
sometimes elect to carry their fins through the surf instead of wear-
ing them  John Frederick, personal communication!. This method allows
rapid entry and better footing while entering the surf, Otherwise
the diver may be up-ended by the backrush of water acting on his fins,
Once beyond the surf' zone, the diver dons his fins. Prior to entry,
the diver using this method must inflate his buoyancy compensator
 or lifejacket! in order to be slightly positive b~ogant when he gets
beyond the surf zone so he can put on his fins. However, an entry
vitho~t fin~ is not recommended. If local conditions are such that
an entry with fins is not possible, then the entry without fins must
be made arith conciderabZe disc~ation and a great deal of caution. A
fully equipped SCLIBA diver overweighted and caught in the surf zone
wi thout fins is virtually helpless. The diver should select another
entry location rather than attempt entries through surf wi thout fins.

When exiting through surf, the diver should stop just seaward of the
surf zone and evaluate wave conditions. The exit should be timed so
that the d~ver rides the back of the last large wave of a series as
far up the beach as possible. At a point where the diver can stand,
he should turn his back toward the beach, face the oncoming waves,
and move toward the beach with his body positioned to retain his
balance. If the oncoming waves are still at chest level or higher,
the diver should dive head first into the wave and stand up as soon
as possible when the breaking part of' the wave has passed, If the
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wave is below chest level, the diver should simply lie on top of the
wave, keep his feet under him, and ride the wave toward shore. A
fatigued diver should not attempt to regain his footing, but ride
the wave as high up the beach as possible and crawl out on his hands
and knees. On exits through the surf, the float should be pushed in
front of the diver and released if necessary to avoid injury or en-
tanglement.

Rocky SRoze Entry

When entering surf from a zocky shore, the diver should not attempt
to stand or walk. A fall can be extremely hazardous. The diver
should evaluate the wave conditions, select the backwash of the last
large wave of a series, and crawl into the water. The backwash will
generally carry the d~ver through the rocks. Once the diver is mov-
ing, he should not attempt to stop ar slow down. If the diver re-
tains a prone swimming position and faces the next oncoming wave, he
can grasp a rock or kick to keep from being carried back toward the
shore. He can then kick seaward after the wave passes. Floats
should be towed behind the diver.

When exiting on a rocky shoreline, the diver must stop outside the
surf zone and evaluate the wave conditions. Exit toward the beach
is made on the backside of the last large wave of a series. As he
loses momentum, he should grasp a rock or kick in order to avoid
being carried seaward by backwash, The diver should maintain posi-
tion, catch the next wave, ard move shoreward. The diver will final-
1y find it necessary to crawl from the water. When exiting through
surf, the diver should always look back in order to avoid surprise
conditions.

8.1.4 TIDES AND TIDAL CURRENTS

The tiaal phenomenon is the periodic motion of the ocean waters in
response to the variations in attractive forces of various celestial
bodies, principally the moon and sun, upon different parts of the
rotating earth  Figure 8-13!. On the seacoasts this motion is evi-
denced by a rhythmic, vertical rise and fall of the water surface
called the tide and horizontal movements of the water called tidal
cux2"eats. Essentially, tides are long-period waves having a period
of 12 hr and 25 min and a wave length equal to one-half the circum-
ference of the earth. The tidal cycle is 24 hr and 50 min.

As just stated, tides result from differences in the gravitational
attraction of various celestial bodies, principally the moon and sun,
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upon different parts of the rotating earth. The force of the earth' s
gravity acts approximately toward the earth's center, and tends to
hold the earth in the shape of a sphere. Although the sun is large
in mass, the moon's effect on the earth is much greater because of
its proximity to the earth. The moon appears to revolve about the
earth, but actually the moon and earth revolve about a common center
of mass. The two bodies are held together by gravitational attrac-
tion and pu11ed apart by an equal and opposite centrifugal force.
In this earth-moon system, the tide-producing force on the earth' s
hemisphere nearest the moon is in the direction of the moon's attrac-
tion  toward the moon!. On the hemisphere opposite the moon, the

tide-producing force is
the direction of the cen-
trifugal force  away from

FIRST QUARTER the moon!. The resulting
0 effect on the oceans is

NEAP TIDE that two bulges of water
are formed on opposite

QUADRATURE  CON JUNCTION I sides of the earth's sur-
face. The earth rotates

IAOON ROON on its axis once each day,
a EARTH 'U" and one can visualize that
TIDE TIDE it rotates constantly in-

side a fluid veneer  the
QUADRATURE SYZYGY oceans!. This concept con-

siders the tidal "wave" as
QUARTER standing motionless while

0 the ocean basin turns be-
neath i t. Ideal ly, most
points on the earth should

Fsg~e 8-28, 2'ice CpaZe  Bake2 et aZ,, experience two high tides
2966! and two low tides daily.

However, due to changes in
the moon's declination relative to the equator, there is introduced
a diural inequality in the pattern of the tidal forces at many places.

There are similar forces due to the sun, and the total tide-producing
force is the resultant of' both the sun and the moon, with minute
effects caused by other celestial bodies. The sun tides increase
or reduce the lunar tides. The two most important situations are
when the earth, sun, and moon are aligned  in phase! and when the
three form a right angle  out of phase!. When they are in phase, the
solar tide reinforces or amplifies the lunar tide to cause spring
 high! sides. Spring tides occur at new and full moon. Neap  Zov!
tiaes occur when the sun and moon oppose each other  out of phase!
during the quadratures, The tidal range is further influenced by the
intensity of the tide-producing forces  Figure 8-14!. When the moon
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is in its orbit nearest the earth  at perigee!, the lunar semidiurnal
range is increased and perigean tides occur; when the moon is far-
thest from the earth  at apogee!, the smaller, apogean tides occur.
When these two phenomena coincide, the great perigean spring tides
 highest tides of the year! or the small apogean neap tides occur.
A slight delay or lag may be noted between a particular astronomic
cause and the resultant tide.

4

e. d 1 ~ 1 10 II I'I 13 lt I I l4
D41%

Fiy~re 8-24. Typical Tide Curve  Baker eS al., 196'6'!

Although the tide-producing forces are distributed over the earth in
a regular manner, the sizes and shapes of the ocean basins and the
interference of the land masses prevent the tides from assuming a
simple, regular pattern. The position of the tide relative to the
moon is somewhat altered by the friction of the earth as it rotates
beneath the water. This friction tends to drag the tidal bulge,
while the gravitational effect of the moan tends to hold the bulge
beneath it. The two forces establish an equilibrium and, in conse-
quence, a point on the earth passes beneath the moon before the cor-
responding high tide.

A body of water has a natural period of oscillation that depends on
its dimensions. The oceans of the earth's surface appear to be com-
prised of a number of oscillating basins, rather than a single oscil-
lating body. The response of the basin of water to tide-producing
forces is classified as semidiurnal, diurnal, or mixed  Figure 8-15!.
In a semidiu~al. type of tide, typical to the Atlantic coast of the
United States, there are two high and two low waters each tidal day,
with relatively small inequalities in the high- and low-water heights.
The di~ ~al type of tide of the northern shore of the Gulf of Nexico
has a single high and single low water each tidal day. In the mixed
type of tide, the diurnal and semidiurnal oscillations are both im-
portant factors and the tide is characteri zed by a large inequality
in high-water heights, low-water heights, or in both. Such tides are
prevalent along the Pacific coast of the United States.
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The tidal range will vary considerably, depending on the configura-
tion of the shoreline, time of month, time of year, wind conditions,
etc. On small oceanic islands, the ranqe may be a foot, or less.
However, along the coasts of maj or continents, the tidal range is

exaggerated at the shore. Estu-
aries with wide funnel-shaped
openings into the ocean tend to
amplify the tide range even more.
The width of the tidal wave that
enters the mouth of the estuary
is restricted as the channel nar-
rows; this constriction concen-
trates the energy and increases
the height of the wave. The fric-
tional effects of the sides and
bottom of the channel tend to re-
duce the energy and height. The
classic example of this phenomenon
is the Bay of Fundy, where the
tidal range exceeds 40 ft. Only
a few hundred miles away, llantucket
Island Fias a tidal range of about
1 ft.

Tida Z cur rent, the peri odi c hori-
zontal flow of water accompanying
the rise and fall of the tide, is
of considerable significance to the
diver who must work in restricted
bay-mouth areas, channels, etc,
Offshore, where the direction of
flow is not restricted by any bar-
riers, the tidal current, flows con-

F pure 8-25. Types of 2'ice tinuously, with the di rection chang-
ing through all points of the com-

aZ., 2966! pass during the tidal period. In
rivers or straits, or where the direction of flow is more or less re-
stricted to certa',n channels, the current reverses with the rise and
fall of the tides. In many locations there is a definite relationship
between times of current and times of high and low water. However, in
some localities it is very difficult to predict this relationship.
Along channels or waterways the relationship w',ll change as the water
progresses upstream.

At each reversal of current, a short period of little or no current
exists, called aZack ~ates. During flow in each direction, the speed
will vary from zero at the time of slack water to a maximum, called
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strength oj /Zoos or ebb, about midway between the slack periads.
These tidal movements are represented graphically in Figure 8-16.
The current direction or set is the direction toward which the cur-
rent flows. The term "velocity" is frequently used as the equiva-
lent of "speed" when referring to current; however, in proper termi-
nology "velocity" implies direction as well as speed. Tidal current
movement toward share or upstream is the flood; the movement away
from shore or downstream is the ebb.

Divers are encouraged to
consult local tide tables,
confer with local authori-
ties, and make personal
evaluations of the water
movements in order to de-
termine time of slack
water and, consequently,
the best time ta dive.
Tide tables and specific
information are contained
in various forms in many
navigational publications.
Tidal current tables, is-
sued annuaIly, list daily
predictions of flood and
ebb tides, and of the times
of intervening slacks.

HOURS
0 2 4 6 ft 10 12 14 16 I ft 20

0 0Z

Flood strength, 2. Ebb strength, 3 Slack water
d Greater ebb, 5 Greater flood, 6 l.esser ebb
T. Lesser flood

For further infarmation on tides and tidal currents, refer to Bascom
�964!, Defant �958!, and Smith �968; 1969 a, b!.

In some channels or straits
the diver will be limited
to IO-20 min of safe diving

Figure 8-26. Z'idaZ C'urxent C~ve at time of slack water  Fig-
 Baker et al., 2866! ure 8-17!. Specific pre-

cautions must be taken when
working in these areas. Dives must be planned and timed precisely.
SCUBA diving may be least desirable. Surface-supplied diving equip-
ment, with heavy weighted shoes, may be required for the diver to work
in the currents. The diver should not attempt to swim against the
tidal current. If he is caught in a current, he should surface, in-
f'late his lifejacket and swim perpendicular to the current toward
shore or signal for pick up by the safety boat.
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The stress of wind
blowing across the sea
causes the surface
layer of water to move.
This motion is transmi t-
ted to succeeding layers
below the surface; how-
ever, due to internal
friction within the water
mass, the rate of motion
generally decreases with
depth. Although there
are many variables, gen-
eraIly a steady wind for
about 12 hr is required
to establish such a cur-
rent. A seaaonaL cur-
rent has large changes
in direction or speed
due to seasonal winds.

A wind current does not

flow in the direction of
the wind due to the ef-
fects of the rotation of

the earth, or Coriolis
force. Deflection by
Coriolis force is to the

right in the northern
SPEED IH KNOTS hemisphere, and toward

the left in the southern
hemisphere. This force
is greater in higher lat-

itudes and more effective in deep water--in general, the difference be-
tween wind direction and surface wind. Current direction varies from
about 15 degrees along shaIlow coastal areas to a maximum of 45 degrees
in deep ocean. The angle increases with depth, and at greater depths
the current may flow in the opposite direction to the surface current.

Fi.ger'e 8 � 27. FLood a@et Zlb

The speed of the wind-derived current depends on the speed of the wind,
its constancy, the length of time it blows, and other factors. In
general, about 2 percent or less of the wind speed is a good average
for deep water where the wind has been blowing steadily for at least
12 hr.
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A number of ocean current flows continue with relatively little
change throughout the year. These large-sca'le currents are pri-
marily the result of the interaction between the general circula-
tion of the atmosphere and the ocean water.

The primary generating force is the wind, and the chief secondary
force is the density differences in the water. In addition, such
factors as water depth, underwater topography, shape of the ocean
basin, land configuration, and the earth's rotation affect, oceanic
circulation.

8,1.6 SEICHES

When the surface of a large, partially enclosed body of water, such
as one of the Great Lakes or a bay, is disturbed, long waves may be
set up which will rhymically oscillate as they reflect off opposite
ends of the basin. These waves, called ac~ches, have a period that
depends on the size and depth of the basin. The seiche is a rather
common phenomenon not frequently observed by laymen because of the
very low wave height and extremely long wavelength. A seiche can
be regarded as a standing wave pattern.

In the Great Lakes, seiches are induced primarily by differential
barometric pressure changes and, most frequently, winds. For example,
a strong wind blowing for several hours along the axis of Lake Erie
will drive the surface water toward the leeward end of the lake,
raising the water surface there as much as 8.4 ft, and lowering the
level at the windward end of the lake. When the wind ceases or
shifts, the lake surface will start to oscillate, alternately ri sing
and falling at each end of the lake. This oscillation, which dimin-
ishes rapidly in amplitude, has a period of 14-16 hr  Welch, 1935!.
Lake Erie is particularly subject to seiches because the lake is
shallow, nearly parallel with the prevailing winds, and has a basin
of fairly regular and simple shape.

In 1954 a severe seiche in Lake Michigan, resulting from both wind
and barometric pressure changes, caused an abrupt increase in water
level to 10 ft above normal in the vicinity of Chicago. At least
seven lives were lost  Hough, 1958; Ewing et al., 1954!.

In bays that open to the ocean, seiching is almost always caused by
the arrival of a long-period wave train. Once the water is set in
motion by the initial wave, seiching continues at the natural period
for that harbor or bay. Bascom �964! discusses the phenomenon of
seiching in ocean bays.
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8.1.7 OtV>NG rV CURRENTS

Currents are caused primarily by the influence of surface winds,
changing tides, and rotation of the earth. They are essential ly flow-
ing masses of water within a body of water. Divers must always take
currents into account in planning and executing a dive, particularly
a SCUSA dive. Large ocean currents such as the Gulf Stream of the
Atlantic and Japan current of the Pacific flow continuously, although
there may be local variations in magnitude and location, Local wind-
derived currents are common throughout the oceans and on large lakes.

The current velocity may exceed 2-3 knots. Attempts to swim against
this type of current may result in severe fatigue. Sometimes in the
Gulf of Mexico, as well as other portions of the ocean, there may be
no noticeab'le current at the surface with a l- to 2-knot current at
a depth of 10-20 ft, or there may be a current at the surface and no
current at 10-20 ft down. The following precautions should be ob-
served to minimize the hazards to the diver:

~ The diver should always wear a personal flotation device.

~ The diver should be in good physical condition when work-
ing in currents.

~ A safety line at least 100 ft with a float should be trailed
over the stern of the boat during diving operations when
anchored in a current. Upon entering the water, a diver who
is swept away from the boat by the current can use this line
to keep from being carried far down current.

Descent should be made down a weighted line placed at the
stern, or, if unavailable, down the anchor line, Free
swimming descents in currents should be avoided. If the
diver stops to equalize pressure, he may be swept far down
current. Furthermore, if a diver has to fight a current
all the way to the bottom, he' ll be fatigued, a hazardous
situation underwater. Ascent should also be made up a line.

When a bottom current is encountered at the start of the
dive, the diver should always swim into the current, not
with it. This will facilitate easy return to the boat at
the end of the dive. He should stay close to the bottom
and use rocks if necessary to pull himself along in order
to avoid overexertion. If the diver wants to maintain posi-
tion, he should grasp a rock or stop behind a rock, not
attempt to swim. The same technique should be used by a
fatigued diver to rest.
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~ A qualified assistant should stay on the boat at all
times. This will facilitate rescue of a diver swept
down current.

For a genera'l review of waves, tides, and currents, refer to Bow-
ditch I1966!.

8,2 I'halNE LIFE Ht'AS

The life of the marine environment is beautiful and fascinating.
Of the thousands of marine animals and plants, relatively few con-
stitute a real hazard to the diver, Although some species are dan-
gerous and may in some instances inflict serious wounds, with a few
exceptions marine animals are not aggressive. Generally, it is
through the diver's own carelessness that injury results. The diver
should respect, not fear, marine animals. He must be able to recog-
nize animals that are capable to inflicting damage, know how to avoid
injury, and be able to administer proper first aid in event of injury
inflicted by marine organisms.

This discussion will characterize the major groups of marine animals
that are known hazards to the diver. No attempt wilt be made to dis-
cuss individual species in detail. Geographically, the discussion
will concentrate on the tropical waters of Florida and the Bahamas;
however, reference will also be made to animals of the western coast,
of the United States and the South Seas  including Australia's Great
Barrier Reef!. Divers are encouraged to consult with local authori-
ties regarding marine hazards whenever they travel to unfamiliar div-
ing areas.

For convenience, the marine animals will be divided into the following
categories:

marine animals that sting;

:.'2.:-':'.:': :marine animals that abrade, lacerate, or puncture;

:-3I::: .:marine animals that bite;

marine animals that have venomous bites;

:.:5j~::.,:'- :miscellaneous hazardous marine animals.

8.2.1 MINE ANIMALS THAT STING

Most marine animals that inflict injury by stinging their victim be-
long to the phylum Coelenterata. This phylum includes about 10,000
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species in three major c1asses: Hydrozoa  hydroids, fire coral, and
Portuguese man-of-war!, Scyphozoa  jellyfish!, and Anthozoa  sea
anemones and corals!. Although all coelenterates have stinging ten-
tacles, only about 70 species have been involved in human injuries.
However, over 90 percent of the venomous wounds and stings suffered
by divers are from members of this phylum.

Symptoms produced by the stings will vary
according to the species, locality, extent
and duration of contact, and individual re-
action variations. Symptoms may range from
a mild prickly or stinging sensation to a
throbbing pai n which may render the victim
unconscious. The pain may be localized or
radiate to the armpit, groin, or abdomen.
Local redness may be followed by inflamma-
tory swelling, blistering, or minute skin
hemorrhage. There may be shock, muscular
cramps, loss of sensation, nausea, vomit-
ing, severe backache, frothing of the
mouth, constriction of the throat, loss
of speech, breathing difficulty, paralysis,
delirium, convulsion, and possibly death.

Figm"e 8-28. Nema to-

cyst
 I ex mond,
2987!

Stingina CczaZ

Stinging cozaZ or fire coral  Figure 8-19} is actually not a coral,
but a member of the class Hydrozoa. Members of the genus Ãi,ZZepoza
are found among the true corals in warm waters throughout the trop-
ical Indo-Pacific, Atlantic, Red Sea, and Caribbean. Common Florida
and Bahamas species are M~ZZepora compZanta or MiZZepora aZcicosnis
which have a characteristic tan-colored, bladed-type growth with
lighter  almost white! upper portions. MiZZepor a may appear in a
bladed growth form or an incrusting form over rock surfaces or on
the branches of soft corals such as alcyonarians. The M;ZZepoza
zone of the outer Florida Keys reefs ranges from 10 to 25 ft deep.

Coelenterates are characterized by their unique stinging cells, or
nematocysts  Figure 8-'l8!, which are situated in the outer layer of
tentacle tissue. This apparatus consists of a trigger hair, which,
when touched, actuates a spine, followed by a hollow-thread through
which a paralyzing drug is injected into the victim. When a diver
brushes against or becomes entangled in the tentacles of some coe-
lenterates, thousands of tiny nematocysts may release their stinging
mechanisms and inject venom.
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Contacts with NiZZepora are relatively common, with symptoms gen-
erally 'limited to a stinging sensation and reddening of the skin.

Figure 8-28, Stingin7 Cor'a2  Photo b» comers!

Portuguese Man-of-Var

The Por tu~e:e man-o.-~ar  Pkysalia phyeaZis!  Figure 8-20! is often
mistaken for a jellyfish. This hydroid, also called blue bottle,
floats on the water's surface in aIl tropical oceans and the medi-
terranean Sea. It appears as a blue transparent jelly-like mass
with tentacles bearing large numbers of nematocysts trailing several
feet down into the water, A single tentacle may have as many as
75,000 nematocysts. The Portuguese man-of-war drifts with the cur-
rents and may be found in localized large concentrations. This
hydroid, producing a cobra-like toxin, has been responsible for
many injuries in Florida and Bahama waters, wi th symptoms ranging
from minor irri tation to shock and respiratory arrest. Other species
that produce similar injuries include the Velella velella  purple
sail! and Porpi ta umbella.

Je 2ly fish

The class Scyphozoa includes the large, bell-shaped medusae, having
eight notches on the margin, and many other species that constitute
potential dange for the diver. The sea esp  Figure 8-21!, represented
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by several species, including Chiropsa2mus quadregatus and C'herone"
f2eckeri, is one of the most lethal venomous marine animals known
to m'an. It is an especially dangerous inhabitant of Australian and
Philippine areas, and the Indian Ocean. Stings of the sea wasp have
been responsible for a large number of human deaths in Austral~an
waters. Death may follow in 3-8 min after contact.  See the section
on first aid which follows.!

Less dangerous, but still painful, are the stings of the sea nettle
 e.g., aacty2ometra quinquecirrha! and the sea blubber  e.g., Cganea
capi 22ata!. The sea nettle is a widely distributed form which has
been found as far north as New England coastal waters, as well as in
all tropical sea areas, Sea blubbers inhabit areas from the north
Atlantic and Pacific oceans to the Arctic Ocean.

Sea Anemones and Cora2s

The sea anemones and corals include venomous members which may pro-
duce st~ng symptoms when contacted. The sponge fisherman's disease,
for example, has been found to be caused by the tentacles of very
small sea anemones which adhere to the sponge, not the sponge itself.
Although some forms of coral produce only lacerations, others such as
elk horn coral  Ac~opora pa2mata!, which inhabits the Florida Keys,
Bahamas, and West Indies, produces added reaction by means of sting-
ing cells.

Preuenti ue Measur es

Rubber suits or tight-fitting coveralls have proven to be useful pro-
tection. However, avoidance of contact with the tentacles is impor-
tant. Divers must be able to identify the dangerous species. They
should also avoid detached tentacles floating in the water and dead
jellyfish found on the beach, since the nematocysts may remain potent
for some time,

First Aid for Marine Life Stings

The injured area should immediately be flushed with sea eater and
cleaned of debris. Some authorities suggest liberal use of a solu-
tion with high alcoho'I content  e.g., rubbing alcohol! instead of
sea water since it immediately inactivates the nematocysts. Forma-
lin is also effective. Never use fresh water or rub the area with
sand; these procedures will cause discharge of more nematocysts.
Next, the tentacles that didn't rinse off must be carefully removed
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with a towel, stick, knife blade, etc. These residual tentacles may
also be removed by coalescing them with a drying agent  e,g., flour,
baking soda, talc, etc.! and then scraping them from the skin with a
thin knife blade.

After tentacles have been removed, neutralize the toxins by applying
ammonia, baking soda solution, alcohol, formaldehyde, or a special
neutralizing compound. These solutions will also inactivate undis-
charged nematocysts. Leave this solution on the injured area for
2-3 min. The area should then be thoroughly scrubbed with an anti-
bacterial soap, dried, and an analgesic-antihistamine ointment applied .
Observe the victim for general reactions and shock. Seek immediate
medical attention if serious symptoms appear. Victims of sea wasp
stings must receive medical attention as soon as possible. A special
sea-sting kit, which contains toxin neutralizer swabs, antiseptic soap,
gauze scrub pads, and an analgesic-antihistamine ointment, has been
developed by S. Harold Reuter, MD, and is currently marketed by Dacor
Corporation, Northfield, Illinois.

The Commonwealth Serum Laboratories developed an antivenin for stings
of the sea wasp, and sublethal stings have been successfully treated.
Currently Australian scientists are conducting tests of a toxoid that
will provide immunization against the sting. Immunization is required
periodically.

8,2,2 IlARINE ANINALS THAT ABRADE. LACERATE, OR PUNCTURE

A number of marine organisms cause abrasions, lacerations, or punc-
tures when contacted by the diver. Some of these organisms possess
venom injection structures and may cause serious complications.

L oi'cz Z

Wounds inflicted by contact wi th stony coral  Figure 8-22! are an ever
present annoyance to divers working in the tropics, The sharp cal-
careous edges produce wounds which are generally superficial but
notoriousIy slow to heal. Coral cuts, if left untreated, may become
ulcerous. Sting cells may further complicate conditions. The ini-
tia1 effects of coral poisoning are pain and an itching sensation in
and around the wound accompanied by reddening and welt formation in
the surrounding areas. Secondary infection is common.

First aid involves prompt removal of debris and cleansing of the
wound with antibacterial soap. Elevation of' the involved limb is
strongly recommended. For severe wounds or if complications appear,
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seek immediate medical attention. Divers are encouraged to wear
canvas or leather gloves and diving suits or cloth coveralls for
protection when working in the vicinity of coral.

Figure 8-22. "'lk Horn Carab  Acropora palmata!  Photo 2'aken bg
Samer ~ .Veer Fr eepor 5, Gr ana Bahama!

Barnac Les

Barnacles, a marine arthropod, in the adult shell form are found
attached to rocks, timbers, ship hulls, etc. in and near the inter-
tidal zone  Figure 8-23!. These shells are sharp and especially
hazardous to divers who must enter the water from rocky shore
areas, work on ship hulls near the waterline, or dive around pil-
ings or offshore structures such as oil rigs, An abrasive injury
may be further complicated by the presence of hydroids on and among
the barnacles. Caution and protective clothing are recommended.
First aid measures are the same as for coral lacerations.

Echinoaer ma

Most ~embers of this group of marine organisms are characterized by
radial symmetry and may bear a rigid or semirigid skeleton of cal-
careous plates or spines on a flexible body way. Included are star-
fishes, sea cucumbers, and sea urchins. Of all echinoderms, the sea
urchins are probably responsible for most injuries to divers.
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Sea urchins  Figure 8-24! occur
in large numbers and variety
in the shallow coastal waters
of the world. The spines, com-
mon to all sea urchins, vary
greatly from species to species.
Mast spines are solid, with
blunt or rounded tips, and are
not venomous. Others, however,
are long, slender, sharp, and
brittle, permitting easy, deep
entrance into the flesh. Be-
cause of the extreme brittle-
ness, these spines may be dif-
ficult or impossible to with-
draw in one piece. Some may
secrete a painful, or even
deadly venom. In some species,
small, delicate, globe-shaped
seizing organs called pedicel-i'igur.e 8-28..~c.r~;etc Zeo  Pho+o bp

Sameea!

8-'?4. Sea L?z "hina  Zho~os dy Scmez'a!

lariae are distributed among the spines, This globe-shaped head, in
at least one type, serves as a venom organ and is armed with a set of
pincer-like jaws. One such venomous genus, Toxopne~st~s, inhabits
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the Indo-Pacific and Japanese waters. Symptoms vary from radiating
pain to paralysis and respiratory distress. Fatalities have been re-
ported.

More familiar to the United States diver is the genus D~adema, which
includes the long-spined or black sea urchin, common to the Bahamas,
Florida Keys, and West Indies. These sea urchins with long, brittle
spines are not considered deadly but may produce a painful puncture-
type wound with redness and swelling. The fragments of the spine
will produce a purple discoloration in the area of the wound. In
minor injuries, the spines of some species will dissolve with few
comp'Iications besides pain. However, most spines will cause irritat-
ing discomfort of long duration if not removed. These should be re-
moved. These should be removed with a fine tweezer or small needle
 sterilized!, the area thoroughly scrubbed with antibacterial soap,
and a sterile dressing applied. Medication to control pain, inflam-
mation, and infection may be required. Consult a physician immedi-
ately if symptoms of infection or other complications appear.

Sea urchins with long needle-like spines shou'td not be handled. Ordi-
nary canvas or leather gloves do not afford adequate protection.
Divers must exercise extreme caution, especially when working at night.

C'one She ZZ

The family of marine gastropod Conida  Figure 8-25! is comprised of
more than 500 species distributed throughout the tropical seas of the
world, but concentrated in the reef areas of the Indo-Pacific. Some
species are highly valued by collectors, with Cones gZoriarnar~8 be-
ing worth more Shan $1000 per specimen. Every species of C'onus makes
a venom peculiar to that species, and most have a fully developed
venom delivery apparatus near the shell opening. Radular teeth are
thrust into the victim, and the venom is believed to be injected
under pressure into the wound. The venom of a given species of Conua
may only affect certain animals and be totally ineffective on others.
Only about s'ix species of C'onus are considered deadly to man. t."onus
peoaraphus has been officially indicated in human fatalities and other
species such as C'. mag~s are just as deadly.

The sting of a co~us usually produces a numbness, tingling, or burn-
ing sensation which may spread rapidly and become particularly pro-
nouliced about the lips and mouth. Paralysis and coma may follow.
Death from heart failure may result. Unfortunately, most authorities
list no specific treatment for cone shell injuries. The first-aider
should imnediately immobilize the victim and take measures to combat
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shock. Promptly scrub
the wound with antibac-
terial soap and water.
Suction  using components
of a snakebite kit, not
by mouth! may be applied
to remove poison; a small
incision may also be re-
quired. Soaking the site
of injury in hot water or
applying hot compresses
for 30 min can be effec-
tive in inactivating the
venom and reducing pain
or other symptoms. Im-
mediate medical attention
and hospitalization is
generally required.

Specific precautions and
ample protection for the

296'7! hands are necessary when
handling cone shells.

Avoid contact with the fleshy portion of the animal. Divers must
learn to identify dangerous species peculiar to their locality, and
specific precautions must be taken in Indo-Pacific waters.

Yenornoue Fiah

Fish that inflict poisonous puncture-type wounds are found throughout
the world, but are most common in tropical waters. They are generally
nonaggressive, and injury generally results from careless contact with
venom-bearing spines, commonly located on or associated with the fins
of' the fish  Figure 8-26!.

The common sp~np dogfiah is a small  up to 3.5 ft in length! shark
found aIong the coast of the Atlantic and Pacific oceans throughout
temperate and tropical seas, Two short, stout spines, one situated
immediately in front of each dorsat fin, can cause painful wounds.
The venom is found in a shallow groove of Che spines and enters the
victim with the spine. Injury is immediately followed by an intense,
stabbing pain of long duration  possibly 6 hr!, severe swelling, and
redness. Handle dogfish with caution.

tinazay:  Figure 8-27! of many kinds inhabit tropical and subtrop-
ical seas at moderate to shallow depths. They are common in sheltered
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Fige e 8-~ 8, Composite Di agr am Shoving
injury � producing Structures
on Body of Fish  Lermond,
7967!

The diver can avoid contact by entering the water cautiously and shuf-
fling his feet as he moves through shallow water and never lying on the

tail and may drive the
spine deeply into the
foot or leg. This us-
ually produces a rag-
ged, dirty wound. The
wound usually causes
immediate and severe

pain, Swelling of the
wound area is accom-
panied by an ashy ap-
pearance which later
turns red. Symptoms
of shock along with
fainting, nausea, and
weakness may follow,
depending on the se-
verity of the injury
and the species of
stingray. Medical
attention is recom-
mended. Mounds in
the chest or abdo-

men are extremely
serious and may be fata'l.
talization is necessary.

sandy bays and lagoons,
where they lie in shal-
low water on top of or
partially buried in the
sand or mud. Most rays
have a sharp spine near
the base of a whip-like
tail. Deep, glandular
grooves of the spine con-
tain poisonous tissue.
The menace is most ser-
ious to persons wading
or crawling on the bot-
tom in very shallow, pro-
tected waters. Mhen
stepped on, the ray
sti kes upward with its

figure 8-27. Stingrap  Photo og Somers!

Deaths have been reported. Immediate hospi-
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bottom without first looking for rays. Fins and foamed rubber boots
offer only l imi ted protection,

About 1000 species of eatj" sh are found, primarily in fresh water, and
may assume many sizes and shapes. Gererally, the body is elongated
with oversized head, and the mouth area usually has long barbels or
feelers. The skin is usually thick and slimy, without scales, al-
though bony outer plates may exist in some.

Some species have a stiff spine in the front part of the dorsal and
pectoral fins. ttenom glands are located in the outer skin or sheath
of the spine. The venomous spine is equipped with a device which can
lock it into an erect position. The wound is generally accompanied
by an almost instant stinging, throbbing, or scalding sensation, with
radiating pain and numbing; redness ard swelling follow, Bacterial
infection is possible. Care must be taken to avoid injury when han-
dling venomous species,

The dorsal and opercular spines
are venomous. This venom is
similar to some snake venoms
and acts both as a neurotoxin
and a hemotoxin. A weever
wound normally produces in-
stant burning or stabbing
pain that intensifies and
spreads. Within 30 min the
pain may be severe and the
victim may lose consciousness.
A large spectrum of symptoms includes
nausea, vomiting, sweating, palpitati

Veever fish  VS Navy,
2970!

headache, fever, chil ls, delirium,
ons, and convulsions,

Weevers are commonly encountered while wading in shallow water; care
must be taken to avoid contact. Adequate footwear  high-top tennis
shoes! may provide some protection. This fish should neither be an-
tagonized into an attack or handled in a careless manner.

The members of the scorpio~fish farni 7y can be found in all tropical
and temperate seas. The wound of any of these fish will produce

Veevezfish  Figure 8-28!, of the family Trachinidae, are small but ex-
tremely venomous fish found along the easter-. Atlantic and Mediter-
ranean coasts. Because of an agqresaive temperament, combined with a
well-developed venom apparatus, they present a specific danger to
divers. Weevers habitually bury themselves, with only part of the
head exposed. With little or no provocation they dart out with fins
erect and gill covers expanded and strike at any offending target.
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serious results, and a few of the stonefish group, Synanceja, may rank
with the cobra in the deadliness of the poison secreted. Most species
have venomous dorsal spines; some have venomous anal and pelvic spines.
These fish are divided into three main groups:

scorpionfish, Scorpaena,

zebraf i sh, Pt-er oie;

stonefish, Synanceja.

Scorpionri.-h  Figure 8-29 a, b! inhabit shallow-water bays, lagoons, and
reefs--and have also been observed 60-80 ft deep in the waters of the
Bahamas. Scorpaena qutFata ranges from central California south into
the Gulf of California and Scorpaena pLurnieri  and related species! are
found on the Atlantic coast from Massachusetts to the West Indies and
Brazil. They may be found aplong debris, rock, or seaweed. Scorpion-
fish have nearly perfect protective coloration, which enables them to
blend into their background and become almost invisible.

Zebrayi ah  F i gure 8-30! are
beautiful and ornate fish.
which swim about coral reefs
of the Red Sea and Indo-Paci-
fic seas with their fan-like
fins extended in a display
fashion. Although extremely
beautiful and prized by fish
collectors, the fins of this
fish contain 18 potentially
lethal spines, each equipped
with venom.

S'bonefish  Green, 1966!  Fig- a
ure 8-31! are encountered in
tidepool s and shoal areas of Pi~e 8-29. Scorpionfish:  a! Sketch
the Indo-Pacific. They lie  US Navy, 2970!;  b! G'a+-
motionless while concealed or oufLaged in NatnmZDabi-
partly buried and appear to tat  Photo by G. Peter
be fearless. The fish is KeZ Zy!
equipped with as many as 18 spines with enlarged venom glands. In na-
tural concea'lment, the fish looks like a piece of mud or debris. They
present a particularly dangerous hazard to a bare-footed wader.

Other fish which may inflict venomous wounds include toadfish, surgeon-
fish, dragonets, rabbitfish, and star-gazers. For a detailed account
of these fishes, consult Halstead �959!.
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c igme 8-89 con+ieued

Fi gu r e 8-80. Zebra fi sh
 US b'av@,
2970!

Figure 8-82. Sbonefish
 US A'ave,
2970!
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preventiov. o� injury from all venomous fish is based on the diver
having a healthy respect for the potential serious wound, being
aware of the habits of particular species common to the waters in
which he is working, and being alert and observant to avoid contact
with concealed or camouflaged fish. When diving in an unfamiliar
area, it is recommended that divers consult with local authorities.

t aid f' or venomous f'sh wounds includes alleviating pain, com-
bating shock ard the effects of the venom, and preventing infection.
Since unconsciousness is common, the victim should be removed from
the water promptly. Carefuljy wash out or irrigate the wound wi th
cold salt water or with sterile saline. Attempt to remove any re-
maining portions of the spine sheath. Soak in plain water, as hot
as can be tolerated, for at 1east 30 min, Use hot compresses on
areas that cannot be immersed. Heat is beIieved to destroy the
venom. If the injury is of the small, puncture-wound type, make a
small incision at the site to encourage bleeding and facilitate ir-
rigation. Yisible foreign material should be removed. Apply suc-
tion with snakebite kit apparatus, not by mouth, to encourage bleed-
ing. Measures must be taken to combat shock. Medical attention
will be needed for further treatment of the wound and prevention of
infection.

8 2 > I'CAPRINE i!NINALS THAT SITE

Moray Eels

Moray e8Fa  Figure 8-32!, family Munaenidae, are represented by about
20 species and are confined primarily to tropical and subtropical
seas, although several temperate-zone species do exist in Californian
and European waters. Morays dwell mostly on the bottom in crevices
and holes under rock or in coral. They possess powerful jaws with
strong, sharp teeth capable of inflicting severe lacerations. The
morays seldom attack unless provoked; however, several unprovoked
attacks have occurred, Their bite is of the tearing, jagged type.

The diver should exercise due diligence and caution when exploring
crevices and holes in areas where morays are known to exist. A
moray should not be aggitated. Though some divers successfully
hand-feed morays, this activity is not recommended, A moray may be-
come aggressive in defense of its territory.

Bax r acuaa

Barracudas  Figure 8-33! are potentially dangerous fish found widely
distributed throughout the tropical and subtropical waters of the
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Firi~z'e 8-32.," o~ay =e"  a! LU l/cn>y, 4970,'  b! Photo by So~ness

Figure 8-88. Bawz'a~.@+a  P!!oto by Some' a!
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Atlantic and Indo-Pacific. Their size  which may exceed 6 ft!;
knife-like, canine teeth; and failure to exhibit any undue fear of
man have earned barracudas the false reputation of an extremely pug-
nacious and dangerous fish that will attack rapidly and ferociously.
Although several spearfis.'.ermen have been severely injured when
attempting to handle speared barracuda, it must also be noted that
there are no known unprovoked barracuda attacks on divers.

Barracudas are curious-natured fish that may be attracted by exces-
sive movement, bright or colored objects, and, particularly, shiny
metal objects that reflect light  i.e., jewelry!. It is not unlikely
that a barracuda would strike at a speared fish. This is a particular
hazard for spearfishermen who carry fish on a stringer attached to
their belts. The potential of an accidental encounter with subse-
quent injury is probably higher in murky water where the barracuda is
less likely to see the entire diver and strike at a portion of the
diver or the movement which resembles prey.

Prevention of attack appears to be one of respect and caution when
diving in waters inhabited by barracuda. 0ivers should avoid wearing
bright or shiny objects. Unnecessary aggitating and hand-feeding of
barracuda are discouraged, as is spearing.

Sharks

Sharks  Figure 8-34! are probably the most feared of all marine animals.
There are about 250 species of sharks which inhabit all the oceans of
the world; however, only a few are considered potentially dangerous
to divers and underwater swimmers. There are considerable differences
ot opinion regarding the potential ri sk of a shark attack, Cross
�967! gives the following figures on the frequency of shark attacks.
0uring 1959, there were ll authenticated attacks in the vicinity of
the United States, of which three were fatal. By comparison, in the
same year, tn the tJnited States there were over 400 people killed by
lightening and another 1000 injured. In 1960, there were 42 reported
shark attacks on humans throughout the world; none were fatal, Of
all reported shark attacks, none have involved helmet-equipped divers
and only a few have involved SCUBA divers. Almost all attacks have
been on swimmers, waders, or persons dangling their arms or legs from
surface floats or rafts. Seventy percent of all of the attacks have
occurred within 5 ft of the surface and 62.2 percent, within 300 ft
of shore.

Statistically, the greatest danger of shark attack exists in tropical
and subtropical seas, between 30 degrees north and 30 degrees south
of the equator. Particularly dangerous areas are gueensland,
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Fig~a 8-84. Lennon Shark@  Photo bg Sorne~s!

Australia, and South Africa, Host attacks have occurred when the
water temperature was greater than 70' F, with January as the peak
attack month in tropical waters. The greatest risk appears to be
between 1500 and 1600 hr �:00-0:00 pm!.

Sharks appear to be attracted by blood  fish or human!, flashing
lights, colored material, thrashing about, explosions, or unusual
noises. The presence of blood highly excites sharks and may radi-
cal'ly alter their normal habits. The diver is certainly in most
danger if he is injured, bleeding, or carrying speared fish that
are bleeding. Sharks apparently have a well-developed sense of
smell and will "home in" on blood. They have unique sensory mech-
anisms which enable them to hear  feel! vibrations from a consider-
able distance. They are thus more apt to "home in" on surface
splashing or underwater noises. Erratic, panic-tike movements exe-
cuted by a frightened swimmer are believed to excite sharks and in-
crease the probability of attack.

In spite of differences of opinion about many aspects of sharks, all
authorities agree that -h~vva ~re corvp7.ete7p ~~npxadietabLe. Al-
though sharks usually seem aloof and quiet, they can become viciously
aggressive, and for no apparent reason. Although nurse sharks, sand
sharks, and leopard sharks are considered harmless by some divers,
attacks have been reported. A University of Hichigan scientist was
attacked and bitten on the leg during July 1972 while diving in the
Florida Keys; the attack was without warning or provocation.
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Many opinions have been expressed on how to chase sharks away; how-
ever, it has been fairly well established that procedures such as
shouting underwater, blowing bubbles, striking on SCUBA cylinders,
striking rocks together, or if on the surface, splashing with a cup-
ped hand will not frighten a shark. In fact, it is believed by some
authorities that these actions will actually attract sharks. Al-
though several chemical and electronic shark repellants have been
developed and used with some success, most authorities feel that
there is still no guaranteed effective repellent.

Many divers use a pole �-8 ft! equipped with an explosive power head
for protection or to kill sharks. The power head consists of a
chamber and firing device which detonates a 12-guage shotgun shell or
38- to 45-caliber bullet when pressed against the target. This type
of weapon is popular in Australia and said to be extremely effective
in killing sharks. A certain degree of accuracy is required to hit
the shark behind the eyes and dead center over the base of the spine
for an effective kill. A wounded shark may be more dangerous, and
the blood and thrashing movements may attract more sharks. The power
head is also an extremely dangerous weapon, and accidental firing
could result in considerable injury to the diver or other swimmers.
Some authorities feel that the hazard of the weapon is greater than
the hazard of shark attack.

Many authorities advocate the use of a "ahark iuEKy, " constructed to
meet personal preference. This defensive weapon consists of a short
pole �-4 ft! made of hardwood, metal, or weighted plastic with a
blunt end fitted with a roughened material to prevent slipping on
the shark's skin. The best place to strike an aggressive shark is on
the snout, or nose. The strike or blow should be as hard as possible.
This blow may discourage the shark, and the reactive force pushes the
diver aside as the shark passes.

Recently, a gas injection device, "shark dart," was marketed by Faral-
lon Industries. The device consists of a CG2 cylinder contained in a
holder; a firing mechanism; a sharply pointed, stainless steel,
5/16-in, hollow needle; and a pole  length varies depending on the
the model!. The size of C02 cylinder also varies with the model. This
weapon is effective to 25 ft with a 12-gm C02 cylinder, 40 ft with a
16-fm cylinder, and 100 ft with a 26-gm cylinder. A multiple-shot,
compressed-air model is also available.

As the shark approaches, the diver thrusts the needle into the abdom-
inal area. The needle easi'ly punctures the skin and subsequently the
C02 cylinder is punctured by the firing mechanism and the gas is re-
leased. This small volume of high-pressure gas entering the shark



suddenly displaces the water inside him and forces it to take the
path of least resistance. The pressure wave reverberates throughout
the shark, blows the stomach out his mouth, and destroys his internal
organs. The expanding gas forces the shark to the surface. He is
instantly immobilized. For further details, consult NcKenny �972!.

When diving in water known to be inhabited by sharks, the diver should
observe the following:

~ Solo skin or SCUBA diving should be prohibited. Visual
sighting and early warning will allow the divers time to
leave the water at signs af aggression. One of the two
divers is more apt to sight the shark immediately. Also,
in the event of an attack, help is immediately avail. able.

~ The diver should leave the water immediately if injured or
bleeding,

~ Diving or swimming in turbid waters should be avoided, if
possible. A portion of a diver's leg and fin might have
the appearance of a fish on which the shark would feed,
whereas a fully visible diver might be discouraging. More-
over, if the diver is aware of the shark's presence and
activities, he has a better chance of taking defensive
measures, if necessary.

~ Light-colored clothing and br."'ght, flashing equipment are
more likely to attract sharks and should be avoided.

~ Panic must be avoided if a shark is sighted. Half the bat-
tle of shark safety is over once the shark is sighted.
Rapid movements or immediate ascent to swim on the surface
may excite the shark and cause it to move in and investi-
gate. The diver should remain calm and face the shark.
If the shark appears to simply be passing by  most of them
do!, leave it alone. If the shark moves in and is persis-
tent, the diver should stay on the bottom and move slowly
and quietly out of the area, preferably toward the boat or
other safe place  i.e., shark cage!. The diver should not
surface, but stay on the bottom as he moves toward his
boat position. Safe refuge may be sought in a crevice or
behind rocks.

~ The diver should never attempt to wound th» shark with a
spear gun or knife. These actions are virtually useless
and may make matters worse.
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~ Teasing and spearing sharks is discouraged. They are
difficult to kill and can react in. a fantastic frenzy
if hurt.

~ Speared fish should never be carried on a stringer at-
tached to the diver.

~ A "shark bully" or "shark dart" is recommended for de-
fense in areas of exceptionally large shark populations
or where sharks are noted for aggressive behavior.
Striking a shark with the bare hand can result in lacera-
tions and bleeding.

~ Divers should not dangle arms and legs from surface floats.

~ Since the shark is unpredictable, he must be respected and
the diver must be prepared to abort the dive in some in-
stances.

The diver should not give up diving just because there are sharks
in the ocean. He should learn to respect them, not fear or disIike
them. For additional information about sharks and shark attacks,
consu'It Gilbert  l963!, Cross �967!, and the US Navy � 959, 1970!.

Ei 7, l er i%a le

The killer whale  Figure 8-35!, Gi"cxmpus ozca, is found in all seas and
oceans from the Barent Sea or Bering Straits to beyond the Antarctic
Circle. This species is characterized by a bluntly rounded snout;
high, black, dorsal fin; white patch behind the eye and a striking
jet-black color above the eye; and contrasting white underparts.
They are swift swimmers with a reputation of being a ruthless and
ferocious kilIer. Killer whales are reported to hunt in packs and
are serious enemies of the seal, walrus, and penguin. In spite of
recent notoriety at marine shows of trained killer whales and var-
ious published pictures of divers riding them in the ocean, they
must stilI be considered an unpredictable, potentially serious haz-
ard. Divers are encouraged to leave the water inmediately when
killer whales are sighted in the area.
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~i E'ei Whale  J'S A'av», 2970!Zi~; e 8-85.

First Aici

Injuries inflicted by moray eels, barracuda, and sharks are generally
severe lacerations wi th profuse bleeding. First aid for controlling
bleeding and subsequent shock are discussed in the section on first
aid. Immediate medical attention will usually be required.

8,2,4 l1ARINE ANIf%LS THAT jjAVE VENOMOUS BITES

Octopus

Along with squid, nautilus, and cuttlefish, the octopus  Figure 8-36!
belongs to the class Cephalapoda, phylum Mollusca. The octopus has
a powerful, parrot-like beak, concealed in the mouth, and, in some
species, a well-developed venom apparatus associated with the sali-
vary glands. Because of public notoriety and myth, the octopus is
vastly over-rated as a hazard. Actually, th» octopus is timid and
prefers to stay concealed in holes. In the northwestern United
States, skin and SCUBA divers actually hunt larg octopi  up to 20 ft
in overall 1ength! and "wrestle" them for sport. Certainly some pre-
cautions are required if the octopus must be handled; heavy gloves
are recommended. In Florida and the Bahamas the octopi are much
smaller, generally not exceeding 2 ft in length.
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Piaure 9-86. Octopus  Photo bp G. Peter ZeZCp!

The bite is similar for all species and usually co isists of two
small puncture wounds. A burning sensation with localized dis-
comfort may later spread from the bite. Bleeding is usually pro-
fuse and swel ling and redness are common in the immediate area.
First-aid measures include scrubbing the bite with antibacterial
soap and soaking the injured area in hot water for 30 min. mea-
sures ta combat shock should be taken and medical attention may
be required. Recovery is fair1y certain.

Only recently was it discovered that one species of octopus,
Octopus mac~7osus, or the blue-ringed octopus, could inflict a
fatal Site. The blue-ringed octopus is being found in ever in-
creasing numbers off the beaches of South gueensland and other
areas of Australia ard several fatalities have been recorded. It
rarely exceeds a length of 4 in and has dark brown to ocher bands
over the body and tentacles. Brilliant blue circles are scattered
over the animal. The venom of this octopus is said to carry enough
toxin to ki'Il ten men  Deas, 1970; Halstead and Dancelson, 1970!.

Sea Snake

About 50 species of sea snakes  Figure 8-37! are found, primarily
is the tropical Indian and Pacific oceans. At least one species is
found on the Pacific coast of Central America and in the Gulf of
California. The sea snakes are closely allied to the cobra and
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form a specialized group adapted by structure and habit to a marine
existence. All are poisonous and many are deadly; however, they
wi11 generally not attack without provocation and have often been
described as docile in habit. B~tes usually result from uninten-
tional contact; fatalities are most common in the Gulf of Siam and
the Philippine area.

Few sea snakes exceed a length of 4 ft. They are distinguished from
land snakes by a paddle-shaped taiI. Coloration is dark above and
light below with cross-bands of black, purple, brown, gray, green,
or yellow. They inhabit sheltered coasta'I waters, particularly the
area near river mouths and may penetrate upstream to the limits of
brackish water; a few species are found in fresh water, Sea snakes
tend to collect close to shore and among coral reefs in breeding
season. The sea snakes generally float on the surface for extended
periods of time. Although they are air breathers, they are capable
of remaining submerged for long periods.

The bite is usually small, with considerable delay  average of 1 hr!
between the injection of venom and the reaction. Some victims fail
to notice the connection between the bite and the illness since
there is no pain or reaction at the site of the bite. Symptom onset

%gare 8-87. SGa Snake  US J7avy 2970!
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progresses from mild to severe, generally beginning with an ill-feel-
ing or anxiety, thickening of the tongue, muscular stiffness, and
aching. Later symptoms include shock, general weakness, paralysis,
thirst, muscle spasms, respiration difficulties, convulsions, and
unconsciousness. According to the US Navy �970!, death occurs in
about 25 percent of the cases of sea snake bites.

The diver should avoid aggravating the sea snake and in water known
to be inhabited by the snake, he should be alert to avoid accidental
contact. Wet-type suits vill offer some protection since in the
average size snake, the mouth and fangs are relatively small.

First-aid measures include keeping the victim quiet, taking measures
to combat shock, and applying a constricting band above the bi te if
bitten on the arm or leg  this band should not restrict arterial
blood flow!. Transport the victim immediate' to the nearest med-
Ical faci 1 ity si nce antivenin treatment must be started as soon as
possible. If possible, accurately identify the offending snake or
capture and kill it for later identification. This is helpful for
determining treatment procedures. For further details, consult
US Navy  l970! and Halstead �959!.

8.2,5 MISCELLANEOUS HAZARDOUS f'IAR INE ANIMALS

Sea Lione

Sea lions and harbor sea1s are normally curious but nonaggressive
as they swim about divers. There are reports of playful but poten-
tially damaging "nips" and loss of a swim fin. During the breeding
season the large bu'lls become irritable and may take exception to
any intruder. Also, a female may exhibit protective reactions toward
a diver molesting her young. One California diver has indicated that
a potential1y greater danger when swimming with seals is that of be-
ing shot w;th a rifle by a person sitting on a cliff. Some divers
wear bright markings on their hoods for this reason.

If bitten by a seal or sea lion, the diver should consult a physician.
Some species may transmit infectious diseases.

G'iant C2am

The giant cLam, Trici'vena gigas  Figure 8-38!, abounds in the reefs of
Pacific tropical waters. Specimens may attain a length of 4 ft and
weigh several hundred pounds. Some authorities claim that Tridachna
have trapped divers by closing on a hand or foot with a vice-like
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grip. However, discussions
with several scientists who
have worked on the Great
Barrier Reef of Australia
indicate tha "trapping of
divers by giant clams" is
questionable and probably
fears are unfounded. In
any event, the grip can be
released by inserting a
knife between the valves
and severing the two adduc-
tor muscles which hold the
valves together. The diver
is, however, discouraged
from experimenting with his

Giant. Clam  zervnond, 7967! own foot.

Gz'outer a aM Jcvfiah

Some species of giant grouper and jewfish may attain a Iength of 12 ft
ard weigh more than 700 lb. They are frequently found around rocks,
caverns, and submarine structures such as offshore oil rigs. These
fish are not considered vicious, but can be unintentionally dangerous
because of their curious nature and huge size. One of the most in-
teresting accounts of an aggressive jewfish is given by Zinkowski
�971!.

The segmented marine bristleworm  Figure 8-39!, c~xythoe oomylanata,
possesses tufted, s~lky, chit~nous bristles in a row along each side.
Upon contact or stimulation of any kind, the bristles rise on edge as
a defensive mechanism. The fine bristles penetrate the skin and are
very difficult to remove. This results in a burning sensation, in-
flammation, and possibly local swel1ing ard numbness. Bristleworms
are found in the Bahamas, Florida Keys, Gulf of Mexico, and through-
out the tropical Pacific.

Bristles are best removed with forceps, or if exceptionally small,
by applying tape to the area and gently removing. After removal,
application of ammonia or alcohol will alleviate the discomfort.
Divers should avoid contact or take special precautions in handling.

The bloodworm, GZpoera aibzoohiaea, is found on the Carolina coast
northward into Canadian waters. These worms, up to 12 in. long, may
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Fi~ze 3-89. tlnneZi'.a Vo~ms  Photo bp G. Peter ZeZZp!

be encountered under rocks or coral. They possess strong jaws and
may inflict a painful bite. Swelling, numbness, and itching follow
the bite.

F,Zectzic Rags

2'Zactric ~ags, or toi prado rays, grow from 1-6 ft in length and weigh
up to 200 lb. They may be found on both the Atlantic and Pacific
coasts of the United States as well as other areas of the world.
They are shaped somewhat like a normal sting ray; however, their
wings are thick and heavy, and their tails are modified for swimming.
The giant Atlantic torpedo ray can produce a current of 50 amp at
60 v, enough to electrocute a large fish or knock down a full-grown
man. Needaess to say, divers must be cautious when approaching or
attempting to handle specimens from this group.

Sm fi sA

Sarvgiah are members of the ray family that have shark-like shapes
and swim by sculling their tails. They are sluggish but powerful
and commonly reach a length of 16 ft. The cartilaginous snout is
extended in a long, flat "saw," equipped on both sides with sharp
scales or denticles which have been enlarged into teeth. Large
specimens have been recorded at a length of 22 ft with a 6-ft snout.
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The snout is swung from side to side to impale fish. The size and
snout make this ray a potential hazard for divers; however, it is
not likely to attack unless provoked. Caution is recommended.

Mmine TurtZes

Recently, divers in the Florida Keys have reported minor injuries
resu1ting from aggressiveness by large mari~e ur tZes. Several
divers were "nipped." Authorities feel that these "nips" were of
a playful nature. Still, the size and power of a swimming turtle
must be respected by the SCUBA d~ver.

ParaZytic.' ShelZfish -Doisoning

ParcZptie sheZLfish poisorz7'.ng is a well-recognized annual problem
on the Pacific coast and occurs occasionally along the Gulf of
Mexico. Under environmental conditions of warm weather in summer
months  March to November on the West Coast! and an influx of
nutrients, the toxic dinoflagellates, GonyauZax sp., undergo a popu-
lation explosion or "bloom," resulting in the "red tide. " The
waters abound with patches of planktonic algae that turn the water
into a variety of colors, including red, yellow, brown, green, black,
blue, or milky white.

Unlike many marine animals, mussels and clams ingest and sequestor
the poison without damage to themselves. Contrary to popular belief,
there is no practical method of' dist~nguishing contaminated  or poi-
sonous! mussels and clams from edible ones. Usua'l cooking methods
do not remove the toxin. In some areas, taking of certain clams and
mussels is banned during critical months. Abalone as well as crabs
do not feed on plankton nor are their viscera usually consumed; for
both reasons, there is no dnager of shellfish poisoning from them.
Divers must be especially cautious and consult with local authorities
before collecting marine animals for human consumption. All plankton
feeders may at times become poisonous.

When consumed by humans, the toxin acts directly on the central ner-
vous system, affecting respiratory and vasomotor centers, and on the
peripheral nervous system, producing complete depression. With large
doses, respiration may cease instantaneously; with smaller doses,
symptoms of nervous system involvement are slow and progressively
worsen. Gastrointestinal symptoms  nausea, vomiting, etc.! are less
common. Death in severe cases is almost invariably the result of
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respiratory paralysis and usually occurs within 12 hr. Medical at-
tention should be sought immediately if unusual illness occurs after
eating musse1s or clams. For details of treatment, consult Halstead
�959! and Anonymous �971!.

F eR Poisoning

Cip~atera poisoning results from eating a wide variety of unrelated
fish that contain ciguatoxin  de Sylva, 1968!. Apparently only
fish, under certain but unknown circumstances, may be involved. In
the United States, the only documented species involved is Sphpraena
bcu~acr da, the great barracuda. Approximately 24 persons are hos-
pitalized annually in southern Florida for ciguatera poisoning from
barracuda. There is no seasonal variation, but larger specimens are
believed more 1ikely to be toxic.

The onset of symptoms may be delayed for up to 30 hr, Many  about
40-70 percent! victims have a sudden onset of abdominal pain followed
by nausea and vomiting, a watery diarrhea, and a metallic taste in
the mouth. There is a wide spectrum of other symptoms, from numbness
of the lips, tongue, and throat to fever and chilling sensations.
If poisoning is untreated, death, from respiratory paralysis, may
occur within 10 min, but more commonly after several days. Divers
must be cautious about fish they eat. Unusual illness following
consumption of fish, especially barracuda, should receive immediate
medical attention. The attending physician should be informed that
fish has been consumed within the last 30 hr.

Scombroid poisons.ng is possible from fish tissue that has been ex-
posed to the sun or left to stand at room temperature for extended
periods. Within a few minutes of eating the toxic fish, which has
a peppery or sharp taste, the victims develop nausea and vomit.
Yarious other symptoms such as intense headache, massive red welt
development, and intensive itching follow. Immediate medical atten-
tion is indicated,

8,5 FRESHWATER LIFE tk'ARDS

Compared to the oceans, freshwater streams, ponds, and lakes have
relatively few forms of animal life that present a specific danger
to divers. The diver must, however, be aware of those few species
that can inflict considerable harm. Shelby and Devine �962! were
among the first to emphasize aquatic hazards to the diving community.
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The venomous cottomnouth water snake, I-akistrodon piscivorus, is
found in fakes and rivers south of latitude 38 degrees north. This
snake is probably the diver's most serious aquatic hazard. It pre-
dominately inhabits stagnant or sluggish water but has been observed
in clear and moving water.

There has been a persistant not~on that the cottonmouth would not
bi te underwater; however, Shelby and Devine �962! documented two
fatalities caused by cottonmouth bites. The cottonmouth is con-
sidered pugnacious, adamant, and vindictive when disturbed and will
attack unprovoked. It does not show fear toward the human as most
other aquatic snakes do; its behavior is unpredictable. Attack is
more like'ly to occur in the evening,

Recognition is difficult since its color varies from jet black to
green with markings absent or vaguely similar to the copperheaa,
Ageist~ oaon o~cor ariz. Consequently, in areas where the cotton-
mouth is known to exist, it is advisable for the diver to regard
any snake that does not swim away when encountered as a cottonmouth.
The best defense is a noiseless, deliberate retreat. Wet suits
afford reasonably good protection, but can be penetrated by larger
specimens. l3are hands should be tucked under the armpits. The diver
should never attempt to fight since this will probably only result
in multiple bites. Although evidence is inconclusive, it appears
that, the snake will not dive deeper than about 6 ft.

The himmler rattlesnake, C'rotal~s 6orric ~s, is an excellent swimmer
on the surface. Skin divers should be alert and avoid contact.

First aid for venomous snake bites includes:

~ Keep the victim quiet and take measures to combat shock.

~ If the bite is on an extremity, immediately apply a con-
stricting band about 1 in. above the bite. This band
need not be extremely tight like the classic tourniquet.
It should be loosened every 30 min for 5 min.

~ Apply skin antiseptic over and around the bite and incise
 about l/0 in long and not too deep! with a sharp blade.

~ Apply suction with devices available with snakebite kits,
if available.

~ Acquire immediate medical attention. Antivenin treatment
may be required.
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Ter t Zes

Three species of aquatic turtles may be hazards to the diver if
provoked and mishandled, especially large specimens. Though not
venomous, they may inflict a serious, dirty wound. The aZZigator
snappino ter eZe, MacrocheZys te~inchi, found through the water-
shed of the Mississippi River, is vicious and aggressive when pro-
voked. It has powerful jaws and sharp claws. The alligator snappe~
is recognized by three, dist~net, keel-like lines running longi-
tudinally the full length of the upper shell. There are also wart-
like projections about the head and forelimbs. The alligator snap-
per is extremely long and muscular, and can strike rapidly by ex-
tending the neck.

The common snapper, 6'heZpdra serpentina, is smaller and similar in
appearance to the alligator snapper. This species is considered by
some authorities to be more vicious when provoked than the alliga-
tor snapper.

The softshe22 Luz LZe may also inflict a serious wound. Contact
with these turtles should be avoided or special precautions taken
in handling.

Standard first aid for laceration-type wounds is recommended. Teta-
nus immunization is recommended.

A 2 Zi ga d'or s and C ro eodi Ze s

The American aZZigaf;or  Figure 8-40! has been encountered by divers,
but is not known to be aggressive or to cause injury. Yet the po-
tential of injury is present and divers should be cautious. In
Central and South America, the crocodiLe may certainly constitute
a hazard to divers, and in Africa the crocodile is responsible for
many human deaths each year. The saZLQater erocodi2e of the coast
of gueensland, Australia, is very large  up to 30 ft! and reported
to be a vicious aggressor.

MammaZs

The common muskrat is the only warm-blooded animal that would prob-
ably attack a diver in US fresh waters. It attacks only in defense
and the wound is usually minor. However, the possibi'tity of rabies
is present and serious. It is important for the diver to seek medi-
cal advice if bitten and for the animal to be captured, or killed,
for laboratory examination, If encountered while diving, the mus-
krat should not be provoked. If provoked into attack, escape is
virtually impossible.
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Figure 8-40. American AELigatoi: {'Photo bp Someone!

Fi ahes

The only freshwater fishes of noted hazard to divers are the pzesFi-
vate~ ~hark; of Lake Nicaragua in Central America and the pi~orha
fish of the Orient and South America. In US waters the only fish
capable of inflicting serious injury are those of the catfi sh family,
which are discussed in the section on venomous marine fish, and the
g:~. The gar fish common'ly weighs in excess of 100 lb, and if pro-
voked by spearfishermen, has the capability of inflicting wounds with
needle-sharp teeth.

The previous discussion has concentrated on the freshwater life
hazards of the United States. Certainly, it is only common sense
for the diver to consult with local authorities prior to commencing
diving operations when working in other parts of the world.

SIS OTHER ENVIRONMENTAL FACTORS

8 f,l D/VING IN POLLUTED WATERS

Man has polluted his environment. As the contamination of our rivers,
lakes, and oceans continues, one certainly must question the quality
of the water that thousands of divers from the US and Canada enter
each year, Aside from the obvious inorganic pollutants such as mer-
cury, lead, beryllium, ant~mony, and cadmium, there is a more serious
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threat. Bacteriological pollution is a fact. Many microscopic bac-
teria such as typhoid bacillus can be easily detected by health
authorities. However, many protozoans are not as easily detected,

Lamirande �972! reports the death of a diver in Florida from a
rarely diagnosed, incurable disease of the central nervous system
caused by the amoeba Naegher~a gruberi. This amoeba has been found
in 'lakes of Florida, Texas, and Virginia as well as several foreiqn
countries. Several deaths due to this amoeba have been recorded in
the United States in recent years. The amoeba ttiay lie dormant for
many years until nutrient levels in the body of water are concentra-
ted enough to stimulate uncontrolled development. A'aegKeria giber~
may enter the body through the nose, bore into a nasal nerve, and
migrate to the brain, where they multiply by the thousands. The re-
sult is slow, agonizing death.

Though fatalities of this sort appear to be uncommon today, we can-
not predict what will happen tomorrow. Divers must use considerable
discretion regarding dives in obviously highly polluted waters. Be-
ing aware of this hazard isn't really enough. The only true defense
is to fight pollution or accept the fact that acceptable waters for
diving  and drinking! may progressively disappear.

8 I 2 HATER TEMPERATURE

The temperature of the water may vary from 85' F in the Hahamas, to
40' F at 100 ft in Lake Michigan, to 28 F under arctic ice. In
temperate and arctic zones, temperature is probably one of the most
significant factors to consider when selecting equipment and plan-
ning a cold-water diving operation. Diving in cold water and under
ice is discussed in Chapter 4.

First let us consider the temperature changes with relation to depth
and season. During summer months in lakes and the oceans, the sur-
face waters are warmed by the sun and a temperature zonation  Figure
8-41! is established. In a typical freshwater lake, the upper layer,
composed of warmer and less-dense water, is called the epi Lisbon
and the lower-most layer of water, which is cold and dense, is called
the hypolimn~o~. During late summer in the Great Lakes, the surface
water may reach a temperature of 70' F or more; however, at the
bottom, in a typical deep lake, the temperature approximates 39.2' F,
the temperature of maximum density for fresh water. Between these
two water layers is a zone of rapid temperature change, where the
temperature gradient is greater than 1' C/m depth. This is the
thermocHne.
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During the fall months, the lake maintains this well-defined ver-
tical layering until the surface temperature has cooled to about
43' F. At this point, wind-caused circulation is effective enough
to destroy the thermocline and mix the entire column of water, pro-
ducing an ..'sot'nezma2  same temperature through entire profile!
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condition, with the temperature near 39.2' F. This isothermal con-
dition and mixing of the entire water column  fal7. overt.'urn! is main-
tained until late winter when the lake has cooled to about 35.6' F.
Further cooling then produces sufficiently less dense surface water,
with a temperature near 32' F. This lighter water forms a strati-
fication sufficient enough to prevent circulation of the lower water,
and the water stratification period is established. A revise thermo-
oline is devel oped.

As the spring sun warms the surface water, it increases to a tempera-
ture of' 35.6' F and the spring overt~ begins. This mixing con-
tinues until the surface water exceeds 39.2' F, producing a less
dense upper layer, and initiating the summer stratification period.
See Hough �958! and Ruttner �953! for more informatior, on the
temperature in lakes.

The temperature structure and changes affect the underwater visi-
biiity. Ouring overturn, the visibility is often reduced by material
held in suspension by water movements. Surface temperature may be
used as an indicator of comfortable surface swimming; however, the
Great Lakes diver generally swims in waters of 39.2-42' F at depths
of 60 ft or more inthe middle of the summer. The annual temperature
cycle in a normal deep-water lake of the temperate zone is given in
Figure 8-42,

Surface winds can cause the structure of the water column to change.
In the Great Lakes a wind of sufficient duration, velocity, and direc-
tion can cause surface waters to flow away from shore and colder
bottom waters to replace them. This phenomenon is called ~panel.iinq.
Offshore winds tend to produce upwelling; however, winds paralleling
the shore may also cause upwelling, since the Coriolis effect wi 11
deflect the flow of water considerably. The Coriolis effect, a de-
flection force acting on any moving body due to the earth's rotation,
will cause deflection to the right in the northern hemisphere and
to the left in the southern hemisphere. Some refer to this upwel'ling
as a tit.ting of the thermocline, since warm water frequently de-
presses the termocline level on the opposite side of the lake. One
such upwelling has been observed on the eastern shore of Lake Michi-
gan, and resulted in the establishment of an isothermal water column
of 40' F overnight. Similar conditions also exist in the ocean. Up-
wellings are frequently associated with dramatic population increase
in planktonic organisms because of nutrient-rich waters rising from
the bottom.
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Figure 8-42. Annual 2'ernperature C'pcZe in TppicaZ Deep Lakes in
the Temperate Zone  Hough, 2958, r eprinted cour test
of the University of ZZZinois Press!
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8,4,3 IltATER TRANSPARENCY

matc~ transparency or underwater visibility is one of the most im-
portant environmental factors that affects the diver's safety and
effectiveness. The distance that a diver can see underwater will
determine to some extent the diving procedures, the type of equip-
ment used, and the safety precautions necessary. Underwater visi-
bility will range from in excess of 300 ft in open ocean and under
antarctic ice to zero in scme small lakes or bays, In the Bahamas
the visibility is generally in the range of 75-150 ft, whereas the
average visibility in the Great Lakes does not exceed 30 ft.

There are a considerable number of ".actors that influence local
underwater visibility. Waters running into lakes and the oceans via
streams and rivers may carry a considerable amount, of inorganic ma-
terials  silts, clay, etc.!, erosion products from the Tand. In
lakes, the natural aging by eutrophy cation, or biological enrichment,
influences the water transparency. Introduction of nutrient sub-
stances into a body of water increases fertility and accelerates
the growth of aquatic plankton. Man's activities such as disposal
of waste products in lakes accelerate natural processes. Consequently,
light penetration and underwater visibility are primarily determined
by inorganic material suspended in the water column and biological
activity. Seasonal varia ions in visibility are controlled by bio-
logicall activity, runoff from the land, and circulation within the
body of water. Procedures for working under limited visibility con-
ditions are discussed in Chapter 4.

8 4 4 5RINE AND FRESHWATER PLANTS

zeEpo, the great brown algae of northern waters, is considered a po-
tential hazard for divers. West Coast kelps, bladder kelp, are
large and some grow to lengths of over 100 ft. A tough holdfast
anchors the kelp to the rocky bottom and air bladders float the
plant to the surface, where it spreads out to form a thick, floating
canopy. The diver, in moving about underwater, may find himself
under such a canopy. If he must surface under the kelp, the diver
should select the least dense area of growth and extend his hands
overhead to part the kelp and make an opening for his head. He can
then visually determine the shortest and safest route to open water,
submerge  feet first!, and swim under the kelp canopy. The surfacing
process can be repeated if necessary. Attempting to swim "through"
the kelp on the surface usually results in severe entanglement.
When swimming in or around kelp, the diver should frequently check
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projecting equipment ta keep free of entanglement. Ribbon kelp is
similar to bladder kelp, but tougher.

5'u~f' gi ass or eel gi.ass grows in the surf zone. Though possible,
entanglement is not common. The surge may wash it over a diver,
causing panic. However, when the surge reverses, the grass will
move away and the diver may surface.

A number of gresMaeez plants are found in dense growth in some in-
land lakes. Divers can become entangled in the plants, and surfacing
may be difficult. Panic is the diver's worst foe in a plant entangle-
ment situation. In one recent inc~dent, a Michigan diver became
entangled in a weed-covered bottom and surfaced in panicked state.
He was created for an air embolism at The University of Michigan. An
entangled diver shou1d stop, relax, and systematica1ly untangle him-
self . Naturally, the buddy will be of considerable aid.

8,LI.5 HEATHER

Weather is always a factor to consider when planning offshore diving
operations in large lakes or the ocean. Divers must be familiar with
local weather conditions and monitor weather forecasts. Different
areas may have unique weather conditions and the diver must consult
with local authorities regarding weather conditions and changes. In
some areas, offshore operations fram small boats are prohibited by
weather and, consequently, wave conditicns during certain portions
of the year,

When working offshore, abrupt wind and sea conditior; changes can
transform a pleasant day into a nightmare. The diver should not
venture too far from shore or from his diving craft when he is aware
of the possibility of weather changes. High winds and rough seas
can defeat even the strongest swimmer. !t is therefore wise to sur-
face periodically and evaluate the weather situation. In the Florida
Keys, a squall can sometimes appear seemingly out of nowhere on an
otherwise perfect day.

A squall line which appears to be some distance away should be ob-
served for direction of movement, greater development, increased
wind velocity, water spouts, etc. If the approaching storm looks
sever e and is approaching from open ocean, it may be wise to abort
the operation and return to shore if you are corking from a small
boat. In the Florida Keys, however, these squalls approach fast
and are generally of short duration. If the squall overtakes the
fleeing boat, navigation in poor visibility will be very hazardous.
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Under these circumstances it may be wiser to anchor the boat securely
and ride the storm out. If the skipper decides to anchor, he must
face his boat into the oncoming waves and let out plenty of anchor
line; a taut line can snap and the boat will be set adrift.

Following a heavy rain squall, there may be high winds, and the skip-
per must exercise caution while getting underway again. Choppy seas
and murky water may make i t difficult to avoid shallow reefs, floating
objects, lobster trap lines, etc.

The diver must remember that a wind blowing from land to sea can be
very deceiving. What may appear as calm water from shore may be a
raging sea at the outer reef. Return to shore into the waves will be
difficult,

Serious storms and severe wave conditions can be expected on the Great
Lakes in September, October, November, and December as a result of
local weather phenomena. This period of instability is discussed by
Strong �968! and relates to the energy system established when cold
atmospheric air encounters the air heated by the warmer lake water .
The result is sudden storms and high seas. Again the diver is en-
couraged to consult with local authorities and monitor weather fore-
casts before conducting offshore operations. Divers are also en-
couraged to acquire instruction in boat handling and seamanship.
Courses are available from the US Coast Guard Auxiliary, sportsman
groups, etc.

8.4.6 NAN-NADE STRUCTURES IN OCEANS AND LAKES

The diver must be cautious when working around j eeties due to the
danger or being violently swept into the rocks by waves and/or cur-
rents. He should stay on the downwind side of the jetty if possible
and avoid diving in strong currents. Uisibility generally will be
poor.

When diving from pier 8 or eh'.fs, the diver must be alert for possible
entanglement in fishlines, hooks, lines, etc, Entanglement could be
fatal. If entangled, the diver must avoid panic and cut his way out.
The diver's partner can play a major role in rescue.

Submerged ~hipvreaks have a certain magnetism for spoxt divers. Some
wrecks are extremely hazardous. The possibility of becoming lost
inside a ship's hull or entangled in rope, cable, nets, etc. may re-
sult in drowning. Old shipwrecks in the Great Lakes are frequently
laced with fishnets and in poor visibility the diver may become en-
tangled. Divers are encouraged to take all precautions against
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getting lost or entangled. As in many facets of sport diving, the
dive> ~ t evaluate the situation and determine i f the reUar'd is
worth the risk,

Offshore oil rigs of the Gulf coast provide sites for excellent sport
diving, scientific research, and, of course, considerable commercial
diving activity. These rigs are located at distances of 2-100 miles
offshore in waters up to depths exceeding 300 ft. Underwater visi-
bility is generally good all year near the rigs farther from shore.

One of the first safety rules for rig dives is the observance of
proper boating procedures. This includes proper size boats when ven-
turing far from shore and monitoring weather, Divers generally tie
up to the rig; however, caution must be taken to avoid gas pipes,
etc. The rig should be approached from down current and downwind and
the boat secured so as to require minimum swimming.

Areas around rigs are populated with vast numbers of both large and
small fish and, at least on weekends during the summer, sport divers.
Sharks, barracuda, and large jewfish  frequently averaging over 450
lb! are also common. The spearfisherman probably represents the
greatest danger to other divers. Divers must be alert for spearfisher-
men from other part~es, or if spearfishing, for other divers. Yisi-
bility generalIy diminishes near or on the bottom, increasing the
danger. In addition, the area under and around an offshore rig is
virtually a junkyard of cable, pipe, etc. Divers must be cautious
to avoid entangiement and/or possible injury.

Frequently divers are attracted to the area around a man-vade dam.
Diving in the vicinity of large dams is discouraged since water mov-
ing through open flood gates may suck a diver against the grating,
causing injury and/or drowning. Divers have even been swept through
overflow discharge channels and pipes on small lakes.

The preceding illustrations represent only a few of man's structures
in and under the water. Since the beginning of time, man has disposed
of his waste by dumping it i nto a ri ver, lake, or ocean . Divers,
particularly sport divers, find considerable "pleasure" in filtering
through underwater garbage. However, there are hazards such as barb
wire, sharp metals, etc. that can injure the diver. Caution shou1d
be observed, especially when visibility is poor.
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8,5 SPECIAL. DIVING SITUATIONS

8,5,1 CAVE DIVING

Diving in underwater caverns is a unique experience that requires
specialized equipment and techniques. No other type of diving
activity is as dependent on proper techniques, equipment, and
teamwork. Most cave diving for research and recreation in the US
is in Florida, where there are hundreds of sinkholes and miles of
water-filled caverns. The Bahamas also have some excellent caves.
During the past 15 years, exploring water-filled caverns using
SCUBA has captured the fancy of numerous sport diving enthusiasts.
Unfortunately, the per capita mortality rate has also reached the
highest of all sport diving activities. Cave diver training should
not be undertaken by novices. A considerable amount of open-water
experi ence is the first prerequisite for this acti vi ty. Specialized
training, equipment, and techniques are discussed by Somers �971!.

8.5.2 ICE DIVING

Ice diving is discussed in Chapter 4. It should be emphasized that
ice diving is hazardous and should only be undertaken when absolutely
necessary. Diving under ice for sport and using SCUBA is discouraged.

8,5.5 RIVER DIVING

Diving in rivers is popular in many parts of the United States and
Canada. Certainly the most distinct oharacteristic of rivers is the
current. SCUBA divers generally enter the river upstream of their
diving location and drift with the current to the desired area. The
diver should not attempt sw~mming against the current, but drift with
the current, The current velocity is generally highest in the middle
of the river, near the surface ard least on the side, near the bottom.
Personal flotation equipment �ifejacket, etc.! is mandatory for SCUBA
diving in rivers. Most divers also use a surface float,

Surface-supplied divers must operate from securely moored vessels or
fixed structures. Special care must be taken when handling tethers.
The current will act on the tether forcing the tender to let out more
than is necessary. The diver shou'Id be placed directly over his work-
ing site so that a minimum length of tether is required. If entry
into a submerged structure is required, a submerged tender muse be
placed at the entry point to handle the tether. Heavy boots and
weights are required to work in river currents. Descent and ascent
should be on a heavily weighted shot line.
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Many rivers have very poor underwater visibility. Divers must feel
their way and be extremely cautious in order to prevent entanglement.
Use considerable caution and discretion when working in rivers.
Proper procedures to warn ship traffic are mandatory.

8.6 CONCLUSIONS

Since the beginning of time, the waters of our planet have stimulated
the imagination of man, Under these waters lies an exciting world of
beauty and challenge. The underwater explorer and researcher can now,
as never before, venture to greater depths and to the most remote
corners of the ocean. However, he must be equipped with a basic
working knowledge of waves, tides, currents, and marine flora and
fauna. The diver must develop a "sixth sense" in the evaluation of
environmental conditions in order to plan his dives safely and effi-
cient'ly. Most divers get into trouble at one time or another by under-
estimating the potential hazards associated with the underwater en-
vironment or by overestimating their physical capabilities and diving
skills in coping with adverse currents, waves, etc.

When divers visit unfamiliar areas, they muse consult with local
divers ard authori ties to gain information on particular mari ne haz-
ards, For expeditions to remote areas, where medical personnel and
hospitals are lang distances away, divers must be equipped with
special first-aid and medical supplies and specifically be trained
in treatment of marine life injuries.

The diver must learn to identify dangerous marine animals and take
proper precautions to avoid unnecessary injury. Good physical con-
dition, basic knowledge, common sense, and good judgment are pre-
requisites for -afe underwater exploration.
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PPPBSIX A

HIYIN6 INTY %3IML EXNINATI N FOR"l



DIVI% IITY NEDIML ENNINTIOtI RPOET

THE UNIVERSITY OF MICHIGAN

TO EXAMINING PHYSICIAN.'

Diving involves beau@ exe2 /ion.  A diver must be in
good general health, be free of cardiovascular and
respiratory disease, and have good exercise tolerance.!

All body air spaces must equalize pressure readily.
 Ears and sinus pathology may impair equalization or
be aggravated by pressure. Obstructive lung disease
may cause catastrophic. accidents on ascent,!

Even momentary irrpairment af onset-~ousness underwater
may result in death.  A diver must not be subject to
syncope, epileptic episodes, diabeti.c problems, etc.!

Lack of emotional stability seriously endangers not
only the diver but also his/her companions.  Evidence
of neurotic trends, recklessness, accident-proneness,
panicky behavior, or questionable motivation for diving
should be evaluated.!

SUGGESTED AUXILIARY PROCEDURES  AT PHYSICIAN S DISCRETION! '.

urinalysis, wbc, hematocrit, chest film  taken at
full inspiration and full expiration!.

Routine:

Divers
over 40: electrocardiogram with step test,

Mixed-Gas
Divers: oxygen tolerance.

Divers often enter polluted water and are subject
to injuries requiring antitetanus treatment. It
is strongly advisable to keep all routine immuniza-
tions up to date  tetanus, typhoid, diphtheria,
small pox, poliomyelitis!.

Inocu1ati ons:

This person is an applicant for training  or employment! involv-
ing diving with surface-supplied diving equipment or self-con-
tained underwater breathing apparatus  SCUBA!. Your opinion of
the applicant's medical fitness is desired. The applicant has
been requested to complete a medical questionna~re for your con-
venience  attached!. Please bear in mind that diving involves a
number of unusual medical considerations. The main ones are as
fol 1 ows:



A-2

Applicant's Name

Address

Phone

Age HeightDate of Birth Weight

M ICAL REPORT

I have examined the applicant and reached the following conclusion
concerning his/her fitness for diving:

 jualified  I find no defects that' I consider incompatible
with skin and SCUBA diving.!

Disqualified  Examinee has defects that I believe constitute
inacceptable hazards to his/her health and safety in skin
and SCUBA diving.!

ND DateSignature

Address

Remarks:

The fo lowing conditions should be made known to any physician who
treats this person for a diving accident  include medical condi-
tions, drug allergies, etc.!:
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An

Do you smoke? Yes No

Check the blank if you have or ever have had any of the follcwitig.
Explain under "remarks," giving dates and other pertinent informa-
tion, or discuss with the doctor.

Asthma or shortness of breath

13.

14.

15.

Ij IVER 'S I'KDICAL QUESTIOiiNAI HE

THE UNIVERSITY OF MICHIGAN

Have you had any previous experience in diving? Yes
No . Have you done any flying? Yes No . If so,
did you often have trouble equalizing pressure in your
ears or sinuses? Yes No . Can you go to the bottom
of a swimming pool without having discomfort in ears or
sinuses? Yes No

Do you participate regu'larly in active sports? Yes
No . It so, specify what sport s!, If not, indicate
what exercise you normally obtain.

Have you ever been rejected for service or employment for
medical reasons'? Yes No .   If yes, explain in "re-
marks" or discuss with doctor.!

When was your last physical examination? Month
Year

When was you last chest X-ray? Month Year

Have you ever had an electrocardiogram? Yes No
Electroencephalogram  brain wave study!? Yes No

Frequent co1ds or sore throat

Hay fever ar sinus trouble
Trouble breathing through nose other than during colds
Painful or running ear, mastoid trouble, or broken
eardrum

Spells of fast or irregular heartbeat

Chest pain or persistent cough
High or low blood pressure
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Any kind of "heart trouble"

Frequent diarrhea. Blood in stools

Frequent upset stomach, heartburn or indigestion; peptic
ulcer

16.

17.

18.

Stomach or backache lasting more than a day or two

Kidney or bladder disease; blood, sugar, or albumin in
urine

19.

20.

Recent gain or loss of weight or appetite

Jaundice or hepatitis

Tuberculosis

21.

22.

23.

24. Rheumatic fever

Syphilis or gonorrhea

Broken bone, serious sprain

Rheumatism, arthritis, or other joint trouble

Severe or frequent headaches

Head injury causing unconsciousness

Dizzy spells, fainting spells, or fits

Trouble sleeping, frequent nightmares, or sleepwalkinq
Nervous breakdown or periods of marked depression

Dislike for closed-in spaces, large open places, or high
places

Train, sea-, or airsickness

Any neurologic condition
Alcoholism or any drug or narcotic habit  including regular
use of sleeping pills, amphetamines, tranquilizers, etc.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Diabetes37.

Any serious accident, injury, or illness not mentioned
above  describe under "remarks," giving dates!

38.

Red KS

Signature

I certify that I have not withheld any information and that the
above information is accurate to the best of my knowledge.



APPENDIX B

BASIC AfS AL'VPACED RESEARCH DIVER TRAINING COURSES



BASIC SKIN AND SCUBA DIVING COURSE

MEDICAL EXAMINATION

The trainee must be medically qualified in accordance with the
diving duty medical examination or equivalent  Appendix A!.
Special medical considerations should be given to divers over
40 years of age.

NATEPPIANSHI P AND PHYSICAL FITNESS

The trainee must hol d a current Ameri can Red Cross Seni or Li fe-
saving Certificate or equivalent, or complete the following swim
skills test without signs of unusual physical fatigue:

A. swim 400 yd in less than 12 min;

B. swim 2S yd underwater without surfacing;

C. surface dive to a depth of at least 10 ft,
recover a simulated drowning victim, and
tow the victim 25 yd on the surface;

D. stay afloat with minimum effort for 15 min.

TEW AND REFERENCE MATERIALS

"Research Diver's Manual"  required text!

"US Navy Diving Manual"  reference!

Selected periodical references

COURSE DURATION

The basic course requires approximately 60 hr instruction,
including 28 hr of theory, 28 hr of skill training, and 4
hr of qualification dive. The time requirements are dependent
on class size, teaching procedures, and many other factors;
however, the time listed for each of the following subjects
has been found appropriate for a university class of 20 students.
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EOURSE CONTENT

Introduction

koURs

History of diving, application of diving to
research, sport diving, definition of terms,
research diving programs, text and literature,
diver certifications, medical examination,
physical qualifications, watermanship quali-
fications, general training information.

Physics of Diving

Liquids, gases, pressure, buoyancy, gas laws,
gas absorption and elimination, light, sound,
mathematical calculations used in underwater
work and diving.

Diving Physiology

Physiology and anatomy of the human respira-
tory and circulatory systems, accessory struc-
tures, effects of changing hydrostatic pres-
sures.

Medical Aspects of Diving

Respiratory problems, indirect effects of
pressure, problems of descent and ascent,
human limitations, environmental problems,
miscellaneous problems and their recognition,
prevention and first aid for diving accidents,
treatment and recompression.

Marine and Freshwater Environment

Physical Fitness

Exercise program, testing physical fitness,
standards.

Lifesaving and Water Safety

Basic principles: diving safety, self-rescue,
assists, approaches, carries, breaks, tows,
artificial respiration.

Physical environment, marine life, freshwater
life, first aid for marine life injury, effects
of temperature, protective clothing, environ-
mental safety, man-made hazards, diving under
adverse conditions, ice and cave diving.
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COURSE CONTENT

Skin Diving

HOURS

Basic equipment, skills, physiological
hazards.

Self-Contained Underwater Breathing Apparatus

Construction, function, maintenance, selec-
tion, accessory equipment, general use, semi-
closed circui.t, closed circuit,

Air Compressors and Breathing Air

Compressor selection, use and maintenance,
filling high-pressure cylinders, breathing
air standards, air analysis.

Use of Self-Contained Apparatus

Preparation; fitting, entries, buoyancy ad-
justments; underwater and surface swimming;
drills in overcoming emergency situations
due to flooding, leakage, malfunction, en-
tanglement, etc.; dark water drills; share
air; free ascent; general use of various
regulator breathing systems.

Diving Equipment

Exposure suits, decompression meter, under-
water communications, tape recorders, depth
indicator, compass, watch, safety flares,
cameras, and other accessories.

Diving Procedures and Techniques

Diving procedures; selection of personnel;
selection of equipment; planning and organi-
zation; decompression and repetitive dive
tables; conducting diving operations; basic
underwater work; underwater photography;
general environmental safety; safety pre-
cautions; emergency drills and procedures;
lake, ocean, river, ice, and cave diving
safety; underwater navigation; diver communi-
cation; buddy system; accessory equipment and
diving craft; seamanship; recreational diving
activities, e.g., spearfishing, etc.
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RURSE CONTENTS

Records

Log book, accident records, scientific
records.

Comprehensive Written and Oral Examination
Knowledge of physics, physiology, medical
aspects, first aid, diving tables, environ-
ment, mechanics, techniques, equipment, safety.

Practical Evaluation of Skills

Performance of various skills in pool and
open water.

60TOTAL

NR I TTEN EXAMINATION

A. Understands the function, maintenance, and use
of air diving equipment, including compressors, hoses,
helmets, masks, suits, SCUBA, and various accessories.

B. Understands the theory and practice of decompres-
sion, and the use of decompression and repetitive
dive tables.

C. Knows the cause, symptoms, first aid, and prevention
of

air embolism,
near drowning,
carbon dioxide excess,
anoxia,
barotrauma,
nitrogen narcosis,
decompression sickness,
carbon monoxide poisoning,
oxygen poisoning,
respiratory fatigue,
exhaustion.

An applicant for research diver certification must pass a writ-
ten examination that demonstrates his/her knowledge of the
following:
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DE Hazards of breathhold diving.

E. Physics and physiology of diving.

F. Diving regulations and procedures.

G. Near-shore currents, waves, and tides.

H. Dangerous marine and freshwater life, including
first aid for injuries.

E. Emergency procedures.

SNoRKEl DIvING OUALIFlcATIQN TEsT  Pool!

A. Swim 400 yd with mask, fins, and snorkel, alternate-
ly swimming on the surface and underwater.

B. Demonstrate acceptable head-first and feet-first
surface dives and recover a 20-lb object from a
depth of at least 10 ft.

C. Swim 50 yd using a snorkel without a mask.

D. Swim 40 yd underwater with mask, fins, and snorkel
without surfacing.

E. Demonstrate ability to enter water with mask, fins,
and snorkel by jumping, feet first, rolling backward,
and rolling forward.

SCLEA DIYING QUAL!FlcATloN TEsT  Pool!

A. Demonstrate proper procedure for safe handling of
SCUBA, including predive assembly and check, post-
dive disassembly and rinsing, and stowage.

B. Enter water with SCUBA by jumping feet first, rolling
backward, and rolling forward.

C. Purge water from a mask which is not equipped with
a purge valve

D. Share air with a partner using both single- and
double-hose regulators for at least 5 min.
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Remove and replace SCUBA and mask at a depth of
at least 10 ft.

E.

Jump into pool while carrying all equipment  includ-
ing mask, fins, SCUBA, and weight belt! and don
all equipment underwater.

F.

Give and receive proper hand signals underwater.G.

Whi,le wearing SCUBA, rescue and tow a SCUBA-equip-
ped simulated accident victim 50 yd.

H.

While wearing SCUBA, swim at least 400 yd on the
surface using a snorkel or on back.

While wearing SCUBA, make a simulated emergency
controlled swimming ascent from at least 10 ft.

Per form mouth-to-mouth art i f icial respiration.K.

SGEA DIVING QUALIFICATION TEST  OPEN HATER!

Complete two open-water qualification dives to a
depth of 30 ft for a duration of at least 30 min.

Swim 400 yd in open water in less than 12 min.B.

Share air with a diving partner at a depth greater
than 15 ft.

C.

Share air with a diving partner while ascending
from 30 ft and/or make a simulated emergency con-
trolled swimming ascent from a depth of not less
than 20 f t.

Demonstrate proper method of entering and leaving
water from shore and a boat while wearing SCUBA.

E.

Equipped with SCUBA, swim 400 yd on the surface
using a snorkel.

F.

BASIC EOURSE RRTIFICATION

To successfully complete the course for diver certification,



all trainees must complete each phase of underwater instruction
satisfactorily, have a satisfactory attendance record, score 75
percent or better on all examinations, and satisfactorily com-
plete an open-water qualification dive.

ENV I RONMENTAL LERT I F I CATION

The diver certificate issued by the University will authorize
the holder to dive only in the freshwater environment. To ex-
tend the qualification to include marine waters, the diver must
complete the following items or their equivalent in the presence
of an examiner specified by the diving supervisor or his designat-
ed representative:

A. Complete a minimum of three supervised qualifica-
tion dives in the marine environment.

B. Demonstrate ability to enter and leave the ocean
through surf,

C. Demonstrate proper diving techniques for diving
in kelp areas.

D. Complete an oral or written examination on diving
in the marine environment.

To extend the qualification to include diving in underwater cav-
erns, the diver must complete the following items or their equiva-
lent in the presence of an examiner specified by the diving super-
visor or his designated representative:

A. Demonstrate knowledge of selection and use of
special equipment required for cave diving.

B. Plan and organize two cave dives.

C. Complete a minimum of six supervised qualification
dives in underwater caverns.

D. Complete an oral or written examination on diving
in underwater caverns.
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ADVANCE RESEARCH DIVING COURSE

The advanced research diving course is designed to qualify
scientific personnel and interested students for operational
research diving. The training program will consist of both
theory and practical aspects of underwater work with supervised
diving to 100 ft.

Prerequisites

l. Hold a University, YMCA, NAUI, PADI, or LA County
Bas ic Skin and SCUBA Diving Cer t if i cat e or equivalent.

2. Hold a current Red Cross Senior Lifesaving Certifi.�
cate or equivalent.

3. Submit a diver's log book showing that the applicant
has completed minimum of 10 dives.

4. Medical examination: see "Basic Course."

5. Interview with the instructor.

6. Diver must supply "approved" equipment: 1/4-in.
wet-type suit  complete!, weight belt, SCUBA  open
circuit!, mask, fins, snorkel, lifejacket  inflatable!,
knife, equipment bag, compass, depth indicator, and
watch  desirable!.

COURSE DURATION

The course is best conducted during the spring or summer term.
Time requirements are as follows:

two 1-hr lecture/discussion periods weekly: advanced
diving theory.

one 2-hr pool session weekly �/2 term! .

four open-water diving trips 1- or 2-day weekend;
1/2 term!.

Mss SIZE

Limited to 10 students.
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COURSE CONTENT

Research Diving Techniques

t4URS

Geological mapping; sedimentation studies;
general geological investigation; archaeolog-
ical techniques; collection. and preservation
of marine life; biological techniques; marine
ecology, etc.; recording observations.

Underwater Work

Basic aspects of surface-supplied diving,
search and recovery, salvage techniques,
underwater construction, use of tools under-
water, and relationship of vessel for under-
water work.

Underwater Photography

Cameras and underwater housing, underwater
photography techniques, light meters, acces-
sories, stills, motion pictures, lighting,
caves, turbid water, recording for scientific
data and publication.

Deep-Diving Techniques

Decompression and repetitive dive tables,
planning, safety, decompression meter, diving.

Underwater Communications

Systems, use safety, and maintenance.

Advanced Physiological and Medical Aspects

Theory of Mixed-Gas and Saturation Diving

'Aixed-gases, submersible decompression chamber
 SDC!, deck decompression chamber  DDC!, SDC-
DDC combination, USN SEALAB program, Cousteau's
Conshelf program, diver-support submersible
vehicle with lockout and decompression capabil-
ities, application of mixed-gases and saturation
principles to research diving, need for equip-
ment development.



RmSE CmrZNTS
10Surface-Supplied Diving

Lightweight helmet, mask, and hookah: rigging,
technique, maintenance, pool practice.

20Supervised Diving, Underwater Work, and Seamanship
60TOTAL

SURFACE-SUPPLI ED DI VING OUALI F ICATI ON TEST  POOL!

A. Demonstrate proper procedure for dressing in and
out with free-flow mask, free-flow/demand mask,
lightweight helmet, and hot-water suit, and proper
maintenance and stowage of equipment.

B. Tend a surface-supplied diver including use of
diving signals.

C. Properly enter water and remain submerged for at
least 30 min while demonstrating ability to con-
trol air flow, swim, and perform tasks such as
carrying heavy weights on the bottom of the pool.

E. Release weights and free ascend from a depth of at
least 10 ft.

SURFACE-SUPPLIED Dl VING QUALIFICATION TEST  OPEN HATER!

A. Demonstrate abili+ to properly rig all surface
equipment for open-water diving, including air
supply  primary and emergency!, water heater,
mask or helmet, add communications units and
other support equipment.

B. Plan and organize for a surface-supplied diving
operation to 50 ft, including calculation of hose
pressure and air requirements and organization of
surface personnel.

G. Perform work at a depth of 50 ft for 1 hr.

D. Tend a working diver for 1 hr ~

D. In a simulated emergency, switch to emergency self-
contained air supply, and surface.



ADVANCED PZSEARCH L IVER  .ERTIFICATION

To successfully complete the course for advanced certification,
all trainees must complete each phase of underwater instruction
satisfactorily, have a satisfactory attendance record, score 75
percent or better on all examinations, and satisfactorily com-
plete the open-water qualification dives  one dive to 100 ft!.



APPHIDIX C

TARES FIN N ISV  DIVE% I"DUAL �970! "

TABLE

Decompression procedures
US Navy standard air decompression table
No-decompression limits and repetitive group designation

table for no-decompression air dives
Surface interval credi t table for air decompression di ves
Repetitive dive timetable for air dives
US Navy standard air decompression table for exceptional

exposures
Surface decompression table using oxygen
Surface decompression table using air
Treatment of an unconscious diver
Minimal recompression, oxygen breathing method for treatment

of decompression sickness and air embolism
Notes on recompression
Precautions in use of recompression chamber

1-12

1-13
1-14

I-26
1-27

1-29

1-31

1-32
1-34

*For purposes of standardization, the table numbers in Appendix C
are the same as those given in US Navy, "US Navy Diving Manual,"
NAVSHIPS 0994-001-9010  Washington, D.C.: US Goverrunent Printing
Office, 1970!.



 I ORMERI,Y TABLE I-f, 19'>3 DIVING hIA.'ilJAL!

TAI!IE 1-CI � Dccomprcssiott p>oceatc! es

GENr!aaL I> svt!vcTIoxs Foa Ac!  Dcvct o

Need for Deco!nprcseiors

A. quantity of nitro"en is tel en up by the body duriri everv dive. Tlie ainount absorbed d q>ends ut>o» the
dop h of Lhe dive and tlie exi>osur   t>ot! iu!! tiiiie, If t!ie q»ic>iLity of »itro en dissolved in flic bialy tissu!es
exc !eds n certain criiic il ainoiint,  hc asc »t must he d layeil io alloiv tlic boc!v tissue io remove Llie excess
nitrogen. Deco»!pr ~r~io» sic! ness r suits froin f;!Bu!e to d lav tlie ascent a»d to aBoiv this pi.oeess of gr:«lual
desaturntion. A specif!ed tin!e at a sl>e .ifir. depth for 1>u!q!oscs of de~aturation is called a. �ccou!pressioii stop.

Xo-Deco» prcssios»%chad! Los

Dives tliat are noi lo»!; or deep enough to require deco!ul>re~sion stops arc no-d wc!a»pres..ion div a. Diver io
33 feet Or less do »Ot re~aire dec »ni>ressiOn stOps, As  he de!>ti! in reas s, the aBoxv !bl  bO!toin. tiine 1'Oi
no-deco»!pression dives der ".!~vs. I:ive»!i»uter at 190 feet is llie d cl!cst no-deco»!pres.-io» sclieduic. Ti!cw.
dives are all li. Led iii the Xo Deco»!pression Li»>it>! arid Rcpctit inc Gro>r p Drsiqnatio>! 2'al>ir joe Xo-Deco»!P>'css o>i
Di rs  Yo-Iyeco!ut>n s-iou Table  table 1-11! I, and only require eompii;!rice >vith the GO-fcetq>er-!ni»ut i raLe
Of 88ce!LL

8chedufcs Fhat Rcq! irc Dmin!preseio!! Stops

AU dives beyond the limits of ii!c Xo-11cro>»prcssio!! 7'at>ta require decoiuliression stop-. These dives are
listed in the ~Yo!;!i 8'tanrta>-d;tir Dcconipreeein» I'at l .  Lable 1-10!. Coml>ly ex:ictly witl! iusiructions except as
modified by surface d ~w»!pression procedure!L

Variations  u Rate of Ascent

Ascend fro>n ail divm at Llie! at ' of Gf> feet 1>cr miiii!te.
In liie eveiit you !ire»nable io iiiainiaiii !I! GO.feet-p .!-!ninutc rate of ascent'.

 o! If Lhe delay vi as aL u �  pili r atcr ilia» M f ~ t,; ir!< rease t lie 1>ottom tiine bv the differe�ce h  truce»
the Linn used iii;isccni and thc tiii!e tli;i!. s!ionl� liaie bce» iis. d at a rate of GO feet t>er»jj»ule.
Deco»!l>re~a ac<or tin!: to the r <iuir »ients of tl>e»e v tni;il botton! tiuie.

 I>! If LI!e �el>v >vas at ii  h l!t!i l <s thii!i h>c! fest; iiicr> ase thc iirst stop by the differ »c  !>elvveei! tbe
time used ln a~ant iii!d tl!e time tliat shoul l have beau used at tbe rate of GO feeL per riiiuute,
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Rei>ctitir>c Dr'r>c E>race<fr<re

h. dive L>erformcd xviihin 12 hours of surfaciiig frorri a previous dive is a repetitive dive. Tire period bet<veer>
dives is ttie surface interval. B'«~ss nitro < ri rc<luire» 12 !>ours to be effc<.tively lost from the body. Tircse t;ibles
are designed to protect. the d ver froi» th< cff<icts of tliis rrsidii;il »i rage». Allorv a ruinirnuni surface interval of
10 minutes betvveert nil divi~», Fi>r any Lntcrvi<L ii»<ler 10 ririiiiiics, add the botto»i time of the previous dives to
that of tlie rcpctitdve dive arid cl>oosc tlie deer>r»l>r<- siorr schcd<ile for the tot,'<1 l>ottom time and lhe deepest dive.
Specific instructio»s are given for the use ef each table in tlic folio>ving order:

�! The >>o-Deco»rt»-eesion Table or thc,V<rr:p Standard 4ir Dec<i»<prcasion Table gives the repetitive
group designation for all scl«<L»!cs <vhicL> ruay precede a nL>ctitive dive.

�! The S><rfacc Intcrial Crc<lit Tat le gives credit for the desaturation occurririg during the surface
interval.

�! The Itcpcti tice Dr'cc Timetable gives the number of mini>tea of residuaL riitrogeu time to a<id to the
actual bottom tiui< of the repetitive dive to obtain <lecompressiori for the residual rritrog u,

�! The Xo-Decomi>rc«sior< Table or the X<rrtr Standarrl Air Deco>ni>rcesion Table gives the decompression
required for the repetitive dive.

U.S. Navx STA'Nnarrn Arri DEcov<PREssloN Tarrra:

In«trr<ctions for Uec

Time of decompression stops in the table is in minutes.
Br<ter the table at thc exact or tire next greater depth than the maximum depth attained during the dive,

Select tlie listed bottom tirue that is exactly equal io or is next greater than the bottoru time of the dive. >Iaiutatn
the diver's eh<st as clove as I>ossible to ca< h <L<wompression depih for tire nuinber of minutes listed. The rate of
ascent bet<ceca stops is»ot. critic<<i for stops of 50 feet or 1<. s. C~>i<in>ence timing each stop on arrival at the
decompression rlepth arid r<.s<uuc ascent when the specified tirue has lapsed,

For exai»pie � a dive to 32 feet for3 > minutes. To determine tlic liroi«r dc<'ompression procedure; The riext
greater depth list><L in t1>is tai>ie is 90 feet. The next great<.r i>ottoni time list<xi opposite 00 feet is 40. Stop 7

inutes at 10 feet in accordarice ivirh the 90/40 scliedule.
For example � a <live to 110 feet for 30 r»iniites, It is L;no<vrr that the depth did not excccd 110 feet. To

determirie the proper dccompnm-ion schedule. The exact dcptli of 110 feet is listed. The exact hot toiu time of 30
r!iiuutes is listed op<><>< it<. I L r feet, Decoi»pr< ss ai <i>rdirig t<> i!ie I LO/30 s< i«xl»L< >i>>less th« i>vc rvi«parr icuii< rig
cold or arduous. In that case, go to the schedule for the next deeper aud iouger dive, i.e., 120/40.

 FORMERLY TARLF 1-5, 1963 DIVING MANUAL!

TAIrr,K I � 10.� U.S. Kar>tt Standard Al'r Decompression 7'at>k

Bottom ! Time to
time > first top
 min!  min:sec!

Total i Ilcp< ti-Decorriprcss ion stops  feet!
asceiit

 min:scc!
i.ive

gro<rpDept,h  feet!

30 20 1050

04
0:30 '
0:30 '
0:30
0:30
0:30

05

21:50
29:50 0
35:50 ' 0
40:50 Z
47;50 [ 2

200
210
230
250
270
300
100
110
120
140
LGO
ISO
200
220
240

0:40 i
0:40 .'
0: 10,'
0:40
0:40
0;40
0:40
0;40 i

0

2 7
ll
15

19 0 3 5
10
21
29
3J
40
47

0:40
2:40
7:40

11;40
15,40
19;40
0:50
3;50
Jr.50

10:50

 '!
N

0
0

 '!
L
.'>I
Al



TABLE I � 10.� U.S. Xa<.y Standard At> Decompress on Table � Cot!tirl«ed

1!ccolnilrc'sion stops  feet! Toto!
nsccnt

 nl in:sec!

l epeti-
tive

Sroiip

Tllnn to
first stop
 nil n;sec!

Bottont
tiine
 inin!

Depth  feet!
2050 ' 40 30 10

06
0:50
0:50
0:50
0-'50
0:50
0:50
0;50
0:40

07
I:00
I:00
1:00
I;00
I:00

2 4 6 8 9
13
19

0:50
0:50
0 50
0:50
0:50
0'50
0:50

08
I:10
I;10
I:10
1:00
I:00
I:00
I:00
I:00
I:00
1:00
1:00

2 7
11
13
17
19
26
32

09
I:20
I:20
1:20
I:10
I:10
I:10
1:10
I:10

7
13
18
21
24
32
3G

SG:30 Z
101:30
116:30

I:40
4:40

t 6:4 l
27: t l

1:10
I:00 7

 e!
I
K
I,

00I
I:30
I:30
!:20
I:20
I:20
I:20
t:to

2

17
23
23

N 0 0 /38:40 I
,>7: jo
7 r:40
84:40

60
I 0

80
IOO
120
140
1GO
180
200

50
60
70
80
90

100
110
120
130
140
150
160
170
40
50
GO
70
SO
90

100
110
120
130
140
150
30
40
50
60
70
SO
90

100
110
120
130
2o
30
40
50
60
70
80
90

0 2 7
14
26
39
48
56
69

0 8
14
18
23
33
4l
47
52
56
61
72
79

0
10
17
23
31
39
46
53
56
63
69

77 0 7
18
25
30
40
48
54
Gl
GS

74 0 3
15
24
28
39
48
57

I:00
3:00
S:00

15:00
27:00
40:00
49:00
57;00
71;00

I:10
9:10

15:10
!9: IO
24:10
34:10
44,'] 0
52:10
59;10
65:10
71:10
SG:10
99.'10

1:20
11;20
18;20
24i20
34:2 t!
47:20
58:20
67:20
74:20
S3:20
96:20

110 20
I;30
8:30

19:30
26:30
38: 30
54;30
67 i30
7G:30,'

  tc!
K

L X 0 Z
7 Z
 "!

E I~i
N

N 0 0 0
Z

Z Z /.
 *!K L N N N 0 0 Z Z Z Z
J I N N
0 Z



ThB >E 1 � 10.� U,8'. ¹t>y St<zndar<l l'ir Decompression T<thle � Continued

Total
ascent

 !n!n;sec!

Itcpeti-
Live

gro<!;!

11ecompression stops  feet!Time to
1! rst Btoi>

Bottom
time
 n! in!

Deptb  feet!
 min:scc!

103040'>0 20

97:40
117:40
132:40

92:Jp

Z
Z
Z
 '!

7
10
12

23

41

1: lp
1:1 0
1.'10

100 � Continued

110
1;40 11

J I.
XI
> T

 !

Z Z
Z
 ~!

4:50;
8!'50 l

24'Jp
35'50 j
JJ: JO
71 '!p
88:50

107:50
125;50 I

2:00 !

1:40
2'

 
8

lg '
23 l
23,
30 j
37

1:30
1 30
1:30

1
7

12
15

1!.20
1:20
1:20
1;20

120
1:50 4.00

8:00
16:00
32;00
48:00
71:00
89:00

11
I

J I.
V>
 !
0

1:5>0
1:50
1:40 5

i
22
23
27
37
45

1:40

2 9
15!
19
23

1!'30
1:30
1!'30
1:30
1:30

130
2 .'00
2:00
2:00
1;;rp
1:50
1:40
1:40
1:40
1:30
1:30

3
10
21
23
24

35 5

3 9
16
19
19

140
2;1 0
2:10
2:00
2:00
1'.JP
1:50
1 '!50
1:40
1:40

16
24
23 I

2 6
16
19
23

4
10

150
2 >0
2:20
2:10
2:10
2:10
2:Pp
2;00

2 4 8
19
23

5
12

100
110
120
20
2<>
30
40
50
60
70
80
90

100
15
20
25
30
40
I'> p

60
70
80
90

100
10
lo
20
25
30
40

0
60
70
80
90
10
15
20
2J
30
40
50
60
70
gp

5
10
1>
20
2 >
30
40
Jl' P

66
72

78 0 3
7

21
26
36
48
J7
64

72 0 2 6
14
2 >
31
4 5!
Jl' 5!

63
74
80

0 1
4

10
18
2 !
37
I' 2

61
72

80 0 2 G
14
21
26
44
56
68
7<3

0 1
3
7

17
24
33
51

107:00 Z
132:00 j X
15>0:00 Z

2:10  ~!
3:10 1'
G. 1 0 1K

12:lp, J
23:10 ' .'>i
37:10; '4
G3.10 .  !
86:10 Z

1031 1 0
131:10 ' 'Z
1;>4:10

2.20 '  ~!
4:2pj G
8.'20 I

]820 J
2820 1<
46: 20 iV
76:20, 0
97:20 Z

12>5>: 20 Z
15:20 i Z

2:30 C
3:30 1:
5:30  >

11:30 11
23 30 ' K
3430 l 1.
J<330 j N
88:30 l O



Tz}!},z 1'-10.� U.8. Navy Sta}!dard At'r Deco}r pree8Mn Table � Continued

Decompression stops  feet! Total
Ascent

 n>i}i:sec!

Bepeti-
t ~ e

group

Time t.o
erst stop
  nin:seel

9ot,t,om
time
 n>in!

Depth  feet!
30 20 10

19
19
19

3
11
17

26
39
50

150 � Continue l 1:50
1:50
1:40

Z
7J

160
2:30

1

3 7
11
23
23
33
44

2:20
2:20
2:20 J K 5I

N
Fg

2 7
16
19
'22

2:10
2;10
2:00 2

9
17 Z 2 ]}2:00

1:50

701
2:40
2:30
2:30
2.'20
2:20
2:10
2:10
2:DD
2'00

F
li
J
I

2

4 7
13
23
23
37

2
4

10
18
22
19 0 2 X Ã D 1:1

5
15
172 8

180
2:50

3 5
10
17
23
30
44

2:40
2:30 1

3 6
14
19
19

26:00 [
40:00  2:30

2:30
2:20
2:10
2:10

0 Z
7J
I}
C

1 AI
QT

0 Z
7J

�:00
93:OO

128:00
168;00

3:10
7:10

14:10
31:1 }
44:10
63:10

103:} 0
147:10
183:10

3
9

16

190
1

4 6
11
19
23
33
50

2:50
2:50

2 5
8

2:40
2:4D
2:30
2;30
2:20

1
8

13
172.'20

60
70
80
5

lp
15
20
25
30
4p
50
60
70

5
10
15
20
25
30
40
50
60

70 5
10
15
20
25
30
40
5p
60

1D
15
20
25
30
40
50
60

+See table l-ll for repetitive groups in no-deeon pres.:ion  lives

62
75
84

0 1
4

11
20
25
39
55
69
80

0 2
5

15
23
26
45
61
74

86 0 3
6

17
24
27
50
65>
81

0 3 7
20
2o
32

72
84

112:30
146:30
173:30

2:40
3:40
7:40

1 i:4 0
29:40
40: lo
71:40
98:40

132:40
1GG:40

2:50
4:50
9:50

21:50
34 5 }
4o'50
81:5 }

109;5>0
152 50
183 �">0

3:00
6:00

12:00
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T>lal,F. I � Il.� A'o-decompression limits and repetitive grotto> designatr'on table for no-deeompregst'on
air dives

Itcpetitive groups  a<r dives!No-d ec om-
i>rcssi on

lirr<its
 min!

Depth
 feet! K LF GF,

60 120
225 i 350
1'

703o
>40 I 325
160 I 1!>

25 <>0 3o 180
100 ~ 125
75   95
50 i 60I
40 l 50
30 ' 40
25 ! 30
20 30
20 25
15 20

315>
205
140
110
80
60
50

170
120
100
70
oo
45
40

20 35
310
190
lop
100

250
100
130
90

14,>
100
80
60
50
40
35
30

120
80
70
50
40
3o
30
25
22
20

3015
220
170

270
200

31015
5 15>

10

20 I
15

15
J3

10
15

5 5

5

Instructions jor f! se

I. No-dccornpression limits:
This column sho>vs at various dcl>ths gr«<ter than

30 feet thc allo<val>lv diving times  i» minutes!
which permit. surfaci»g dirertly at 60 fcrt < rnir>ute
with r>o dceompression stops. Long< r <,xposure
times rcquir<. Ehe usc of r.he Stand;<rd Air Decorn-
pression Table  table 1 � lpj.

II. Ikepetitive gro«p design:<t<or< table:
The tabulated exposure times  or bottom times!

are in minutes, Thc times at tl«< various dei!ths in
each vertical col«rrln Arc th<> rnaxirnum exposures
during >vhich a diver >vi}1 remain within thc gro«p
listed at the head of thv. column.

To find the repetiriv<. group designation at s«r-
facing for dives inx olving exposur<rs «t> to and
including the no-dcco<npression lirnils: L'ntcr the
table on thv. ezact or >iezt greater deptf< than the.t to

10
15
20
2o
3D
35
4p
50
60
70
80
90

100
110
120
130
140
150
160
170
180
190

310
200
100
60
50
40
30
25
20
15
10
10
5

5
5

2I.O
110
75
55
45
25
25

10
10
10

I

300
160
E OEE
75
60
40
30
25
20

1 15
12
10
10
10
8
7

which vxposed and select the listed exposure time
ezact or nezt greater tha.n the actual exposure time.
Thc rci>crit>vc group d<sigr>ation is indicated by the
lrtter at thc head of the vertical cot«run where the
selected exposure time is listed.

For < xan>i>1<',: A dive >vas to 32 feet for 45 minutes.
Enter the table along the 35-foot-depth linc since il
is next grc:<t< r than 32 feet, The table shows that
sine<. groui> I! is left ofter 40 minutes' exposure
and group I'. after 5D minutes, group K  at the head
of the coh<n>t< where the 50-rnir>ute exposure is
listed! is the proper selection.

L'xposure times for depths less than 40 feet, are
listed or<iy «E> to approximately 5 hour since this
is considered to be beyond iield re<tuirerner>ta for
this table.
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Z 0 ' N h4

0>10 0:23 0:35 0:49
0;22 0:34 D:48 1:02

1,' 56
2:17

1;37
lr55

3;11 3:46
3:45 4.29

5;28 6:57
6.'56 lp:05

2:18
2:42

2:43
3:10

1:03
1:18

4:30
5: 27

1:19
l:36

10; i00
12'00»

0;52
1:07

4:18,>:17 I G:45
5:16 6.'44 I 9;54,

2.30 ! 3:00 ] 3:34
2>5>9 3:33 I 4:17

1:OB
1:24

1,'44
2: 04

2:05
2. 2'9

1:25
1:43

0 0:10 0:24 0:37
D;23 0;36 0:51

9: 7>5>
12:00»

2:48 3:23
3:22 4;04

504.',633
6'.32 i 9:43

1 ">4
2;l8

0:40
0:54

1:12
1:30

4: 05
5:03

2:19
2:47

1:31
1:53

0:55
1: 11

0:25
0:39

gi: 44
12'.00»

N 0.10
0:24

1:40
2:05

2:06
2:34

3:53
4:49

0:43
0:59

1:00
1:18

4 50 G:19
6:18 9;28

9:29
12:00*

1:19
1:39

D>26
0:42

3:09
3;52

0:10
0:25

! 2:20 I 2r54
2:53 l 3'.36

1:26
1:49

0:46
1:04

4:36 i G;03
6.02 9 12

I 0:10
0:26

1:50
2:19

0;27
0:45

05
1:25

3. '37
4'. 35

9:13
12: 00»

2:04 2;39
2;38 3:21

4:20 I 549
5 4B 1 8:58

0:50 1:12
1:11 I;35

0:29
0:49

1:36
2:03

0;10
0'. 28

3:22
4:19

8;59
1": PP»

rv 1:48 i 2,'21
2;20 I 3:04

! 4-03 o;41
5:40 I 8.40

J 0:10
0:31

0;32 0:55
0:54, 1:19

1:20
1:47

ro

4g,

3:05
4:02

S:41
12.00»

' '3.44 5;13
:>:12 !3,21

0:34
0'59

2'>

12:00»
1:30 2: 03
2:02 2;44

1;00
1;29

0:10
0:33

2:45
3:43

6e

4~
op

3:21 I 4,50
4:49 I 7:59

0 37
1:06

1;07
1:41

0;10
0. 36

1:42 2:24
2 23 3;20

B.PP
12:00»

1:16 I 2'00
1;59 ~ 2:58

G 0>10
0:40

0:41
1:15

2:59, 4;26
4:2> I 7:35

>:36
]2;PP»

0:46 1:30
1,'29 2;28

7;PG
i '> ~ 00»

2:29 I 3:58
3'5  I 7.05

0;10
0'. 45

oar

og
1;58 3;23
3.'22 6>32

E 0;10 0;55
0:54 1:57

6:33
12: 00»

238 I 548
en

~r>

oj~

5: 49
1".'00*

0;10 I I:40 I 2;50
1;39 I 2:49 I 12:00»

2:ll
] '> ~ Qp»'

0:10
2:10

0:10
12:OP»

1>rr>tr uct

Surface interval time in the table is in hours and
rniauferr �:59 means 7 hours and 59 nrinutes}. The
surface interval roust be at least 10 minutes.

Find the repetitirrc group de>rig�>raft on fc ter  from
the previous dive schedule! on the diagonal slope. Enter
the table horizontally to select the siirface interval time
that is exactly between the actual surface interval
times shown. The repetitive group designation  or the
cud of the snr ace intcrvid is at, tlie head of the vertical
column where the selected surface interval time is
listed, For esarnple, a previous dive was to 110 feet, for
30 minutes, 'The diver reins.ins on the s»rfaee 1 hour
and 30 minutes and v,ishes to find the riew repetitive

ious jor f>ae
group designation: The repetitiv<'. group frcin thr last
column of tho 110/30 sctredute iii tbe Sta idard Air
Decoirii>re:sion Tables is "J." Enter thc surface interval
credit, table along the horizontal iirie tabctc<l "J." The
1-hour-and-30-rniniite surface interval lies bct>veen the
tiiiies 1:20 and 1;47. Therefore, the diver haa lost
srrfYicient inert gas to place hiin in group "C3"  at the
head of the vertical column selected!

«NorE.� Dives follow;ing surface inter>als of
r>rote than 12 hours arc not considered rei>etitive dives.
Acturrfbottorn tiiurs in the Standard Air Decompression
Tables rrxay be used in coinputing decoini>res»ion for
such dives.

 FORMERI Y TA13LR 1-7, 1963 DIVING M.4NUAL!

TABLE 1 � 1'2.� Sttrfme & fart>cd Crea'it 'f'dt e for air decompresirioft dt's
[Itepeticivc group at the end of the surfsce interval  air dive!J
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 FORMERLY TABLE 1 � 8, 1963 DIVING MANUAL!

TArrr.k; I-13.� Ikpetitite dive tirrretable for air dives

Repetitive dive depth  ft!  air dives!
Repetitive

groups 190140 150 160 170120 130ioo 110 18080 9060 705040

Instructions for Use

according to thc 110-foot schedules for the sum
or cquivalcnt, single dive time.
Assuniing one wishes to make a quick inspec-
tion dive for the minimum decompression, he
will decompress according to the 110/30
schedule for * dive of 3 minutes or less
�7+3=-30!. For a dive of over 3 minutes but
less than 13, he will decompress according to
the 110/40 schedule �7+ 13=40!.
Assur»ing that, one does not want to exceed
thc 110/50 schedule and the amount of decorn-
pression it requires, he ivill have to start ascent
before 23 minutes of actual bottom time
�0 � 27= 23!.
Assuming that a diver has air for approxi-
niatcly 45 minutes bottom time and dccom-

The bottom times listed in this table are called
"residual nitrogen times" and are the times a diver is
to corisider he has already spent on bottom ivhcn he
etarte a repetitive dive to a specific depth. They are
in rninui,cs,

Enter the table horizontally with therepetitivegroup
designation from the Surface Interval Credit Table.
Thc time in each vertical coluin» is thc number of
minutes that would be required  at, thc depth listed
at the head of the column! to satuiatc to thc particular

group,
For example; Thc gnal group designation from the

Surface Interval Credit Table, on the basis of a previous
dive and surface interval, is "H." To plo,n a dive to
110 feet, determine the residual nitrogen time for tliis
deplh required by the repetitive gro»p designation:
Enter this table along the horizontal line labeled "ll."
The table shows tlrst one must starl a dive to 110 feet
as though he had already bee» o» the bottom for 27
minutes, This i»for r»ation can then be applied
to the Standard Air Decompression Table or No-
Decompression Table irr a number of ways:

�! Assuming a diver is going to finish a job and
take whatever decompression is required, he
must add 27 rni»utes to his actual bottom
time a,nd be prepared to take decompression

<2!

<3!

�!

pression stops, the possible dives can be
comlnitcd: A dive of 13 minutes will require
23 minutes of decor»pression �10/40 schedule!,
for a total submerged time of 36 ininutes,
A dive of 13 to 23 minutes will require 34
minutes of decornprcasion �10/50 schedule!,
for a tots.l subrnergcd time of 47 to 57 minutes.
Therefore, to be safe, the diver v;ill have to
start ascent before 13 minutes or a standby
air source will have to be provided.

A

B C F G
II

J

K L

M N 0 Z

7
17
2o
37
49
61
73
87

101
116
138
161
187
213
241
257

6
13
2l
29
38
47
56
66
76
87
99

111
124
142
160
169

5
11
17
24
30
36
44
52
61
70
79
88
97

107
117
122

4 9
15
20
26
31
37
43
50
57
64
72
80
87
96

100

4 8
13
18
23
'28
32
38
43
48

61
68
73
80
84

3 7
ll
16
20
24
29
33
38
43
47
o3
58
64
70
73

3
7

10
14
18
22
26
30
34
38
43
48
52
57
62
64

3 6
10
13
16
20
24
27
31
34
38
42
47
51
55
57

3 6 9
12
15
18
21
25
28
32
35
3q
43
46
Gi0
52

3 6 8
ll
13
16
19
22
25
28
31
3 1
38
40
44
46

2 5
7

10
12
15
18
'20
23
26
29
32
35
38
40
42

2 7 9
12
14
17
19
22
24
27
30
32
35
38
40

2 9
11
13
16
18
20
23
26
28
31
33
36
37

2 4 6 8
10
13
15
17
19
22
24
26
29
31
34
35

2 4 6 8
10
12
14
16
18
20
22
2o
27
29
31
3o

2 4 6 8
10
11
13
15
17
19
21
24
26
28
30
31
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 FORMERLY ThQLE 1-9, 1963 DIVING IVIhNUhL!

Th]]],E 1 � I4.� U.S. Nanj Standard Air Decompression TabIe for exceptional, ezposures

Tots]
a=rect
t,ime

 m]o:sec!

Decompression s tops  feet!Time to
first
stop

 min:sec!

Bottom
time

 min!
Depth

 f t,! »o ]GOI 9o 40 30 2070 6080 50130 120

23
41
69
79

119
148
187
85

120
160
187
187
]18
142
187

40

2
20
44
78
35
52
90

107
142
53
84

ill

60

80

li
1

14
42
61

106
10
27
35
64
93

114
14
14
32
50
84

114
114 !
14
32
50 !
70 '

l]4
114

100

2
21
55

] 4'2
]4o

187
187

47
76
97

142
142
142
42
5�
94

]24
]42

98
137
179
187
187
187
SH

120
168
187
]87

120
5

23
4 !
64

100
2

12
26
34
64

]00
100

12
18
34
50
98

100

18
4]
74

3
32

140

10
28
42
59
97
12
12
28
42
60
97

187
] 87
120
]56
1S7
187
187
187

142

142 i
82 I

120;
]42 '!
142 !
] 4'>

16

170
10
22
30
52
91

2
10
24

40 /
5G

4
18
34
42

2 4
14

1
4

lo
27
25
37
59
7J
89

134
180
]87
]87

200
1

7
14
22
23
39
51
74
98

142
142
142

1
3

7 9
17
22
24
38
64

]06

122 I

2

16
ji
30  
40
70

! !<

2 6
13
12
28
48
68

100

2
12
'>4

42
54
98

10
10
24
3G
56

io
]0
24
42
82

1
10
18
24
44

0
10
24
40

10
20
36

6
22 18712

360
480
720
240
360
480
720
180
240
360
480
720
]80
240
360
480
720
120
180
240
360
480
720

90
120
180
240
360
480
720

90
120
180
240
360
480

5
10
15
20
25
30
40
50
60
90

120
180
240
360

0:30
0:30
0:30
0:40
0:40
0:40
0:40
1:00
0:50
0:50
0:50
0:40
1:00
1:00
0'JP
0:50
0:50
1:20
1 .'10
1:10
1;00
0:50
0:50
1:30
1:30

.1:20
1:10
1:oo
1:00
0::�
1:50
1:30
1:20
1:20
1:10
1:00
3 10
3:00
2:50
2:50
2:50
2:40
2;30
2:30
2;20
1:50
1:40
1:20
1:20
1:10

6
29
59

108
29
42
73
91

122
19
37
60
93

122
122
18
36
54
78

122
122
122
34
42
78

116
122
122

23:40
41:40
6<3:40
82>:00

140:00
] 93:00
266:00
121:20
]79:20
2 iO':20
3A 20
455:20
202:40
283:40
4]6'40
503.40
613:40
1 6:OG

QG
396:GG
551:OG
6 �:00
 ! 3:00
] 66:20
240:20
386:20
511:20
6%:20
5]] 20
G24 -20
246:50
356:50
535:50
681:oO
873:50

1007:50
4.20
8:20

18:20
40:20
49:20
73:20

112.'>0
161 20
199:20
324:20
473:20
685:20
84'2:20

1058:20



Standard Atr Decompression X'able jor exeeptt'anal exposures Contioncf!T~lsl.z 1 � l4.� U.S. ¹vy

Tots!
ssc !nt
tiros

 !n in:s» o!

Decompression stops  feet!Time to
fir. t

Bot,to!n
time
 m in!

Depth
 tt! I

40501
I

100 90
stop

 min:see! 20 1080 70 60120 110

210
2 5

1.0
17
24
26
45

1

4 7
9

19
19

2
4
9

171 9

220
2 5

11
19
23
29
51

3 81

3 7
12
17

10
22
18

G
3 12

230
1
3

2

2 4 8
15
1G

12
22

2 7
14

23
34
51

12
22
24

1
5

240
1
4

G 9
15
22
29

3 4 8
17
16

1

4 7
3 8

1

4 7
10
17
19
36
68

1

4 7 7
17
22
44

2 6 9
12
28

10
28

10
1010

10
10 1010

260

4 7
1
3
6

ll

ll
19
19

8
8

162 G
270 2 4 93 3

5
10
15
20
25
30
40
50

5
10
15
20
25
30
40
50

10
1.!
20
25
30
40

50 5
10
15
20
25
30
40

50 5
10
15
20
2o
30
40
60

90 5
10
15
20
25
30

40 5
10
15
20

3:20
3:10
3:00
3:00
2:50
2:50
2:40
2:30
3:30
3:20
3:10
3:OO
3:00
2 5�
2:5�
2:40
3:40
3:20
3:20
3:10
3:10
3:00
2:50
20
3;50
3:30
3:30
3:20
3:10
3:10
3:00
2:50
3:50
3.'40
3:30
3:30
3:20
3:20
3:10
2:40
2:10
4:00
3:50
3:40
3:30
3:30
3:20
3:10
4:10
4;00
3:50
3;40

3 6
15
24
22
39
51

1

4 7
17
24
23
45
64
98

1
4

10
20
23
2G

49 1

11
21

1
4

13
23
27 I
41
63
80

2

16
24
33
47
68
86

2
6

18
26
37
51
74
H9

2
6

21
2o
40
56
7o
94

2
7

22
27
4o
59
79

126
186

2
9

22
31

50 !
84

3
11
24
35

4:30
9:30

22:30
40:30
56:30
Sl:30

124:30
174:30

o '.40
10:40
26:40
42:40
66;40
91:40

140:40
190:40

5:50
12:50
30:;>0
48;50
74:;! 0
99;50

15G 5>0
202>;50

G,OO
14:OO
35:00
53:00
82.00

109:00
167:00
218:00

7: lo
16:10
38:10
59:10
92: l 0

11G:10
17S lO
298.10
ol4:10

7:20
19:20
42:20
67 '0
99:20

126.20
I.OO:20

8.' 30
22:30
46:30
74:30



Sfandard At'r Dec~pression Table for ezeepflftal exposures � ContinuedTsltf.x 1 � 14,� U.S. Wavy'

Dec ompvcss i on stops  feet! Tot@
ascent
Limo

 min scc!

Time to
first
stop

 xr. in:sec!

Bottom
time
 min!

Depth
 ft! 120 1 llo I 100 20 1050 40 30130

13
22
22

2 3 6 3 6
11

8
12
17

2SO
2

4 8
16
2'2

27

1
3

4 7
13
17

1
3

7
13

2 3 6
290

1

3 7 8
16
16

3 6 9
1'7

22
32

1 3
5 6

15

3 5
7

300
3 6

10
19
22
34
50

3 7 8
17
17
32

2 3 6
7

15
28

2 3 5
9

14

1
2
G

10
4

1010 1010

2o
30

40 5
10
15
20
25
30

40 5
10
15
20
25
30

40 5
10
15
20
25
30
40
60

3:30
3:30
3:20
4:20
4'. 00
3'50
3:50
3:40
3:30
3;20
4:30
4:10
4:00
4:00
3:50
3:40
3:30
4:40
4.20
4,'10
4:00
3:50
3:50
3:40
3:00

23
27
51

2 5
11
23
23
30
51
2
5

12
23
'23
36
51

3

15
23
26
39
51
90

53
64
88
2

13
26
39
56
70
93

3
16
26
43
Gn
72
95
3

17
26
47
Gl
75
90

187

106;30
138:30
204:30

8:40
25:40
49: 40
81' 40

113:40
150:40
218:40

9:50
29:50
52:50
89:50

120:50
162: 50
228: 50

11:00
32:00
57:00
97:00

129:00
1.72:00
231:00
460.'00
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 PORMERLY ThBLE 1-17, 1363 DIVING MhNUhL!

SurgaCe deeO7nJE r688ion table ming OxygenThBLE 1 � ZO.

Tenet de-
cem pres< on

nme
 mtro see! r

Time  rain! breathinf sir at water stops  ft! ~ Time st
4G- oot

chamber stop
 min! on
oxygen s

Snr aee
Interest ~

Time to
Orst stop

or surtax s

Bottom
talma

 min! r

Depth
 tt gaga!

70.-.-

z
ar
Q

0 Q c.
1 Ee
rn

80

D

3 

gi
SE

0

4 F O

2'

si
E!

tJ

C

Ã

O kl
C P

0
Ov

F'
p;

V C

iJ

110

123

c4
180

See footnotes at end of tab!e.

52
90

s 120
150
180
40
70
85

100
s 11S
13G
150
SS
60
ZG
SO

s 96
1OO
110
120
1SD

60
60
70

s 86
90

100
110
126
22
40
60
40

s 70
80
90

IGO
110
18
30
40

s 60
70
80
90

100
ld
30
40
SO

s 60
79
80
90

2:45
2:48
2:4$
2:28
2:48
3;12
3;12
3,12
3:12
3;12
3:12
3,12
Sr36

3;36
3;36

3:36
3.36

4:00
4:DG

4:DD
4:OO
4:DO
4:GO
fr24
4r24

4:24
3.12
3:12
3.'12
3;12

4;45

4,48

3:12
3;12
5;12
6.'12
5:12

4;OO
4:DG
3r36
S:36

0

0 0 0 0 0 0
0 0 0 0 0
0 D 0 0 0
0 0 0 0
0 0 0 6 0
0 0 0 0
0 0 0
0 0 0
0 D 0 0
0 D 0 0 0 0
0 0 0 0 0
0 6 0 0 0

0 0 D
0 0 0

D 0 0 0 0
0 0 0 0
0 0 0 0 O
0 0 0 0
6 0 0 0 0
6 0 0 0 0
0 D 0 0 0
0 0 0 0
D 0 0 0

0 0 0 0 0 0 9
0 0

0 0 0 0 6
0 0 0 0 6
0 0 0 0
0 0 0

0 0 0 0 0
D 0 0

D 0 D 0 0 0
D 0 0 0
0 0 0 0
0 0 0 0 0 0
0 3
6

0 0 0 0
0 0 6

19

0 0

0 0 0 0 0
0 0 0 0
0 0 0 0 0
0 0 0

0 D 0 0 0
0 0 0 0
0 0 0 0
0 0 0 I
2 6

12

0 0

0 0 2 4 6 7
15

0 0 0 3 5 7 7
12

0
16
23
31
89
0

14

26
31
37

0
14

25

34
30
43
48
0

14

20
32
38

49

0
12
ill
26
33
40
46
51
54

0 9
16
24

30
46
51
54
0

12
21
29
37
45
51
60

2:43

31. 48

47: td
3:12

23:12
29. L

4O:L
4S: 12
53'L
3:36

48,'38
52: St
57: 36
4:DG

24: OO
30: GG

48:GG
54: OO

4:24
22: 24

43: 24
51:12
I:13
06:12
76: 12
4;48

19: 48

61 E36
72; 12
56; 12
S.'12

23:12
32, 12
43: GO

76: 36
89: 36



T+BxE 1 � 26.� Surge decompression bable tfsiny ozyyen,� Continued

Total de-
compression

t iine
 iulni st+! i

Time at
40-foot

cti am lier stop
 min! oii
oxygcii s

Time  min! breathing air at water stops  ft! '
Surface

lilicrviil +Time to
first stop

or surface s
Bottom

time
 min! i

Depth
 ft, gage!

Surface ~

140

1 fi0-

160

170 ..

r Surfacing Oxvgin iirenihing dunng this 2-minute period shall I'oL'o»
without interruption ihe period of oxygen breathing tabulated in ro! 6

Total dccouipression ume in minutes and seconds. This time hicludes:
a. Time ol asrent from the bot tom to the first stop at 25 feet per minute,

col. 3.
b. Sum of tabulated water slops, col. 4.
c. One minuie between «ster stops.
d. The surface interval, cnl. 5.
c. Time at 40 feet ia tiie recompression chamber, eol. 6.
/. Time of ascent, an additioiia'I 2 minutes, from 40 feet to the surface,

col. 7,

t Time interval in minutes from leaving the surface to leavinr, the
bottcrm.

r Time of ascent in minutes and seconds to thc first stop or to the sur-
face at a rale of 25 feet per minute.

s Water stops: Tin:e spent nt tabulated slops using air. ll iio water
stops arc required, use a oMfoot-per minule rate nf ascent to tlic siirface.
When wster stops nrc required, ilse a oWfoot-per-minute rate of nscciit
to the first slop Take an additional minute hetneen stops. Use 1 minute
for the ascent from 30 fei t to the surface.

i Surface interval: Ttie surface interval shaU i.ot exceed 5 minutes and
ia CnmpOSed Of the fnlluwing elemtnta:

a. Time of ascent from the 30 foot n ster stnp to thc surface � minute!,
b. Time on the surface for landing lire diver on deck and undrrssiiig

 not to exceed 3 minutes aiid 30 scrnnds!.
c, '1'izne of descent iri ihc recornpression chainhcr from the surface to

40 feet  about 30 seconds!.
'During thcperiod ofoxvgen breathing, the riiamhershall bc ventilated

unless an oxygen<linilnation system is used

The total decompression time may he shortened only by decreasing the
time required to undress the diver on deck.

i These are the optimum exposure iiines for each depth and represent
for thc average diver the best halniico of snfeiv. length of worL period,
and araount of useful work Exposure he>ond these liraits of time is
permitted orily under special conditions.

13
25

35

45
50

s 65
60
65
70
11
25

40
45

I 50
65

20
25
30
35
40

r45
7

25
30
35

r 40

5:36
5:36
5:36
5:36
4:24
4i24
4i24
4:24
4:24
4:00
3:36
6:00
6 i 00
6 i 00
4:48
4:24
4:24

3,36
6;24
Gi24
Gi24
5;12
4:4S
4 24
4,00
6:48
6:48
6 A'
5:12
4:48
4;24

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 D 0 0 0 0 0 0 0 0 0 40 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 2 5 0 0 0 0 0 3 4 0 0 0 0 4 40 D 0 0 0 0 0 0 3 7 0 0 0 0 3 5 5 9 0 0 0 0 4 5 8 0 D 0 3 80 0 0 0 2 4 0 7 8 7 7 0 0 0 4 6 7 8 0 0 0 2 8 6
0 0 0 5
7 6

Z R 43

0 O 0 Z sg
V

0
11
15
20
24
29
33
38
43
4S
51
D

13
18
23
27
33
SS
44 0
11
16
21
26

38
0

13
19
23
29
36

as

D O
Z tp
Vi

0 O
Z Cl

Z
g

0
*

Z
IQV *

si36
-"2; 36
25i35
31i35
3,:24
44:24
50:24
56:24
62:24
70i00
79i36
6 i 00

25;00
30i00
38. 48
4ei:24
57:24
66i00
i,i36
6:24

23:24
2S.'24
35:12
4thi 48
61. 24
�:00
6:4S

25:48
31: 48
44 12
57: 48
id;24



 FORMERLY TABLE 1-18, 1963 DIVING MANUAL!

TABLE 1 � 27.� Surf'aee deeomPreSSian t�ble 25Si7 g C5ir

C h em her stops
 etr! �1!!ll!

Time et we or stops  m!n! 'Cote!
sent ti;4
 min:me!

Time to
first stop
 mtn:see!

Bottom
time
 mh!!

Deptb  ft!
10

3 3 3 3 3 a a 3 a a
a 3 3 3 3 3 3

235
250
270
300
120
140
160
1SD
200
220
240
80

100
120
140
150
180

60
70

90
100

70

3 6 8 9
�
19

110

170

80
70
80 3 7

11
13
17
19
26
32

1!D
120
130
140
150

50
50
70
80
90

7
13
18
21
24
32

3
13
18
21
24

6 36

'110
120
130

0;30

;40
:40

;40

:50
:50

:40
!t00
I;00
I:00
I;00
1:00

1:10
1:10
1:10
1;00
I:00
I:00
I:00
1:00
I:00
I:DO
I:00
I:20
I:20
1:20
1:10
I:10
I;�
1:10
1:10
1:10
I;00

4 o t!

a

�
to
to

O

c!

x t!
l4

O

7


!9 5
�
21
29
35
40
47
7

�
26
ag
43
66
69
8

14
18
23
33
41
47
52
56
61

79
10
17
23
31
39
46

56
63
69
77 7
18
25
30
40
4S
54
61
68
74

14.37
IS: h!

26: 30
1~ 40
Ii.' 0!
25, 40
36. 43
4?: 40
47-40
5t:40
14: «!
21; 50
33. 50
46; 50
55: «!
63 50
S0. ID
16:00
N. 00
?o: 00
3!. 00
41:00
52.?0
59: 3!
65. Xl
I 2.?0
78. ".0
93: e!

105: &
IS:10
25.10
31' ID
4?: 30
54 &
65; 30
74: X!
81: 30
SD; 30

1?6, 30
146.'30
15:20
26: 3j
33, 3!
45: 40
71: 40
S9; 40

101: 40
1�:40
�7.40
156: 40



Chamber stops
 eir!  min!Time at water stops  m!n! Total

ascent time.
 min:see I

Time to
Orat stop
 tnin:see!

Bottom
time
 mtn!

Depth
 It!

10 �

100.-- .

3 3 7
23
23
23
34
41

a
9

17
23
23
23
34
41

a 3
18
23
23
30

I
7

12
15

110
Q !e

C Cj

I z R 0 F'
0 X O 0

120

3
15
22
23
27
37
45

5
15
22
23
27

45

2 9
15
19
25

130 3
10
21
23
24
35
45

3
10
21

24

3 9
16
19
193 8

140
3 5

16
24
23
32
4!

3 4
8
IQ
23
26
39

50 a 7
11
23
2a

44 a 7
13
23
23
37
51

3 5
16
24
23
32
41

3 4 8
19

26
39

a 7
11
23
73
33
44

3 4 7
13
23
23
37
51

2 6
16
19
23

4
10

150...,

5
12
19
19
19

3
11
17

180

2 7
16
19
22

2 9
17

2 4
10
18
72
19

I
6
15
17

50
70
80

100
110
120

40
50
60
70
80

100
25
30
40
50
60

80
00
100
25

40
50
60
70
30

20

4.0

25
30
40
50
80

80
90

30
40
50
60
70
16
20
25

40
50
60
70

Th!!z.E 1 � 27.� 871rface deeorttpresst'or> fable using atr � Continued

1:30
I:20
!;25
I;20
I:20
I:10
I:IO
I:10
I:10
I:40
I:30
I:30
I:50
!:20
I:20
I:20
I:20
1:50
1:50
1:40
I:40
1:30
1:30
1:50
I.'30
1.30
2:00
!:50
I:50
I:40
I:40
I:40
I:30
1.30
!8 I 0
2;00
2:00
1:50
I:50
I;50
!.%!
l.'40
2:IO
2:10
2:10
2:00
290
I:50
L50
1:40
2.A
2m
2:10
2:10
2:00
2;00

2M
230

220
2:10
2;10
2EOO
2:00

15
24
26
39

57
OO
72
73 7
21
26
36
48
57
64
72
6

14
25
31
45
55

74
80
10
18
25
37
52
61
72
80 6
14
21
26
44
55
68
79
'r

17
24
33
51
62
75
84
11
20
25
39
55
69
80
6
15,
23 1

45
Sl
74
86

23 30
35 50
45 50
64 50

1	 50
124 50
155 50
�7 50
15'40
aa 00
43.00
78:OO

101;00
118:00
142:00
i67:00
lf; 50
22,'50
89;10
67,�
97, 10
115 IO
! 38,10
173,10
!8Q.IO
IQv�
50. 20
51:20
88 20

11.3: 20
131.20
170 20

15. 10
25. 30
37: 30

104. 50
124: 30
�1: 30
200'30
19, 40
31:40
46:40
82 40
!.40
142:40
189:40
227:40

40:50
5540

125M
16950
214 %>
!8%!

46;I
03:00

109:00
137.'00
104:00
259;00
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TABLE 1 � 27.� Surface decompression table 2fsirty air � Continued

Chamber stops
 nir!  irrfn!Time nt water stops  ruin! Total

naeeot lime
 rnt n:sec!

Time to
Arsl slop
 rrrlluSCC!

Depth
 t!

Botlom
tlure
 min! 1010

1 3 6
14
19
19

3 9
162 5

190
2 5
8
14
22
19

1
8

13
1710

Nnsz,� The aacent rates in this tttb'le are 00 test per minute to lhe first StOp, between Stops end to the surface in thc water ond in ttic ctrntnber.
The descent rote in the chamber ts also 60 feet per minute. The total ascent rime may be shor telicd on!y by shortening the surface-intort ai,

15

25

40
60
GO
15

25
8D
40
50
60

2:40
2:30
2:30
2:30
2:20
2:10
2:10
2'$0
2:40
2:40
2M
220
2m
2:20

3

�
17
23
30
44

4 6
11
19
23
33
50

cs
kl
O ctv,

O O
O CG

cs D

Ã trs Z
O

ro

P

Z o

Ã

3 5
10
17
23
30

44 4 6
ll
19

33
50

6
17
24
27
5D
65
81
7

20
25
32
55
72
64

19:10
35:10
54 rt0
74:10

120:l 0
t 62:10
216:10
22:20
4120
59:20
86.'20

! 30.'20
164:20
237.20



 FORMERLY TABLE 1-20, 1963 DIVINC MANUAl.!

TA1>LE I � 29.� 2'reatment. of art ttnconseious
Ctver

 floss of conscious»ess during, or within 24 hours after,
a dive, See 1.6.4!

1. I[ thc diver is not breathing, start mouth-to-mo»th
or manual arti6cial respiration at once  see app.
A!.

2. Recomprecs promptly  see note d!.
3. Examine for injuries a»d other abnormahtics; apply

first aid a»d other rncasures as required.  Secure
the help of a medical officer as soon as possible.!

A'ofes

Arti6cial respiration:
a, Shift to a mechanical resuscitator if one is

available and working properly, but never
xvait for it. Always start the <nouth-t,o-<nouth
or manual <ncthods f>rst.

f>. Continue artificial respiration by some method
without interruption until normal breathing
resu<nes or the victim is pronounced dead.
Co»tinue on the way to the chamber and
duri»g rcco<npression.  Do not use oxygen
deeper than 60 feet in the chamber.!

itecomprc sion.
e. Rcmcmbcr that, an unconscious diver may

have air embolism or serious decompression
..ickncss even though some other accident
see<ns to explain his condition.

d. Recon>press unlc s�
1. Thc victim regains consciousness and is

free of nervous system . yn<pton>s before
reco<npression can be started.

2. Thc l>ossibility of air embolism or decom-
pression sicl'ness can bc ruled o<rt with-
out quest>o».

Another lifcsavi»g mess»rc is absolutely
required and makes recomprcssion
impossible,

e. Try to r<;«h a rcco>npression cha»>l>er no matter
ho>v far it i.-.

f. Treat according to thc treat<nc»t tabl<.s  sec
tables 1-30 and 1 � 31!, d< pending on reopen-.c.
Ren>ember that early > ecover! under prcssure
never rulc. out the need for adequate
treat»>cn't.



 FOR>MERLY TABLE 1-21, 1963 D1VING MANUAL!

TABLE 1 � 30.� T'yeaffftent of dec rmpressioft sickness  ted  gir efttbo[is!yt

Serious syn>!>tomsBends � pain only

Serious symptoms include any one of
thc followmg

Un oon scioosn ass
2. Convulsions.
3. lA'eslrness or inability to use

arras or legs,
6 Air embolism
8, Any vnasl disturbances
8, Dfxzincs>.
7, Loss of spcccli or hearing.
8, Severe Shortness of breath or

chokes.
9. Bends occurring whpc still

under prcssure.

Rate of descent � 25 feet
per minute.

Rate ol ascent � 1 minute
between stops. minutes at lr>3 feet, the case is

probably not bends. Decompress on
table '> or "A

Symptoms not re-
hcved wit inn 30
minn et at tss
feet,

Usa tab!c 6

S ymptoins re-
Beved within
30minuies at
166 feet.

Use tsb1e 3

Table 3Table 2hTable 1A Table 2 Table 6

30  sL!
12  eir!
12  sir!
'12  sir!

  air!
30 �>! or  air!
30 �>! or  sir!
30 �>! or  sir!

30  ais!
12  air!
12  air!
12  air!
12  air!
30  air!
30  sir!
30  sir!

30  aii!
12  air!
12  sir!
12  air!
12  air!
30  Oi!
30 �>!
30  Oi!

30  air!
12  air!
30  air!
30  air!
30  sir!

' 60  Oi! 2 hr  sir! 12 br  au!60  air!

2 hr  air!09  air! 2 hr  sir!

2 hr  air} t hr  sir!

1 min  air!

2 hr  sir!

1 mio  aii!1 min  air!

Fain relieved at depths less thon 66 Pa!n relieved at depths greater than
kct. 66 feet.

Use table 1A if Or is not avai!ab!e.. Use table 2h if 0> is not available.
, '1f pain does not improve within 30

Time st all stops in in inutes un less otherwise indicated.

30 to '120  ah!
30  air!
30  s!r!
30  sir!
30  ah!
6 hr  ai.;
6 hr  air!
6 hr  sir!
First, 11 hr  e!rl
'Fhen 1 br �>!

or  air!
First 1 hr  air!
Then 1 hr �>!

or  eir!
Fir t 1 hr  air!
Then 1 hr  Oi!

pr  air!
1 >n::n �>!
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 FORMERLY TABLE 1--22, 1963 DIYING MANUAL!

T><t>t.E I � 32. Jt 'r>fe,t on recornprcsston

1. General considerat.iona:
a. Folloiv tlic treatment tat>les  table 1 � 30 or 1-31! acc«ratrly,
b. P<r>nit no shortrni»g or ot ti<r alterations of the tables except on thc advice of a trained diving rn< dical

officer or in an cxtrcmc e>nergcncy,
2. Rate of descent i>i thc chamber:

a. Thc norm«l d< scent rate is 23 feet per >ninute.
b. If scrioiis sy>nt>toms «rc present; rapid descent is dcs<r >btr.
c. If pain incr<.ases on descent: stop, rcsum< at a rate tolrrated by tlie patient.

3, Treatment depth:
a, Go to the f«ll dcptt> indicated by thc ta'bl<. required.
b. Do not go beyond 16:> f« 1 < vc< J>t on thc decision of a medical officer >vho has bccn tr«i>ic<t i» <Jiv»>g.

4, Examinatio»of tlu> 1>atient  .-c<. J.6.2!:
a. If no serious sy<nptorns are evident and pain <s riot sev< re, cxarninc the patie>it thoroughly b<fore

treat<neo> .
b. If any s< rio<is syrnpton> is noted, do riot delay rccompression for examination or for dcterininii>g depth

of relief.
c. If Treatment T:it>lcs 5, 6,:>A, or 6A <irc iiscd, a, incdical oQiccr must be present aiid a qualified <»< die«I

att<nd;int niiist. al>vays accompanv thc p;itirnt in the ch:uiit>er diiring treat>»ent.
d. In "pain only" cases, >»:ikc sure that relief is < o»>1>l<'t<, ivithin 10 minutes st 60 feet on oxygen if <at>le 6

is used, If not, tat>tr 6 >»<iy b<. iisrd. If table 1 is used, >na.kc sure that complete relief lias been rcportc<l
before rc«ching 66 feet.

e, On reaching treatment d<1><h, <xa>»inc tl>c J>ati<.nt «s co<at>lctcly as possible to rlrtcct,
I. Inro»iplctc r< lief.

An y sy>n p to< ns o ve rlool- ed.
N0TI

At the aery least, have tt>e patient stand «<id >salk thc length of the cha>nber if thi- is
at all po..sit>tc

j. Itcchcck the patient b<.fore leaving the tr<.«tine>it depth.
J<, Ask the patient ho>v he frcJ- befor< and aft< r <'on>i>ig to each stop and pcriodicallb during long .-t»1>s.
h. Do r>ot Jet th<> p:iti< nt 1< rp ttiroi>gh cha>igr. of depth or for n>ore than an tioiir at. a tin>< st «ny . tot>.

 Yyn>J>t»»>i csn devi lnp or recur during -Jeep.!
L Recheck thc pati< nt t>cforc 1< aving i Jir 1<i t stop.
j. During tr<«i<»iiit in<<Le siir< that the l>atient can obtain all the things that he needs, such as food,

liquidly, a»d a<iy other it«.»s that hc rnigtit rcqi>irc.
Patient get ting >vora< .

a. Never conti»<i<. «~c< iit if th<> J>atient'~ condition is >vorscning.
b, Tr<at tlir. patient as a recurrence d»ring <rcatn>ent  src 6!.
c, Consider the ii c of helium-oxygi<n as a t>rcattii»g i<iediii>n for thc J>atie>it  sec 6!,

6. Recvrrc»cc of sy<»ptoins.
<>, During tr< at»>e>it;

I, ltrcou>press to depth of relief  but »ever less tha>< 30 feet or deeper than 166 feet, exc< pt on
dccisio>i of:i n>cdical officer!.

Z. If a >»edical officer is available and the depth of rcli< f is less than 60 feet, rccompress to 60 feet
and treat on t»btc 6.

8. If «>nrdical otticir is not available or thc dcl>th of relief is greater than 60 feet, complete the
trc«tn>cnt:iccording to table 4; i.e., rc<>i«in at depth of reli< f for 30 <iii<iutes and con>piet»
rc>naining stol>s of table 4.

4. If rccurrr<icc involves serious syi»ptoms not previously present, take thc patient to 60 feet and
treat on table 6 or take thc pa i«it to 165 feet, and J.rent on table 4.

b. Folloiving treat>nent:
I, Itecomprcss to 60 fact and use table 6 if a medical oificer is available.

If the depth of relief is less th«» 30-feet, recon>J>ress tlic 1>atieut to 30 fcct and deconiprcss fro»i
the 30-loot stop according to table 3.

S. I  ttie d<.pth of relic  is deeper than 30 feet, keep the patient at depth of relief for 30 ininutes and
deconipress according to table 3,
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T.'ABLE I � 3'2,� ¹fes on reeonrpressron � Cot>fir>ued

7. Use of
a.

oxygei<:Us<i oxygeii «her»ver 5>< rriiitted !>1 the treatr»vnt. iahl s iinlcss the patient is known to tolerate oxygen
poorly .b. If a iricdical nfiicer trained hi diviiig is available, he may recommend the use of oxygen for patieriis who
ar<i known to tolerate ox> g< ri l>oorly.

Take all prec:iiiii<ir>s ag;iinst 6re  see tabl<i 1-34}.
. Tc»d car<<fully, 0< ir>g:ilcr  for s»vii.-ymptoms of oxygvn poisoning as-

Twitching of thv. face arid lips,
$. Nausea.
8. Llisriness and vertigo.
g. Vomiting,

Con v i<i.- i o i is.
6, Anxiety.
7, Confusion.
S. Restless<ress:ind irrita.bfiity
9. hlalaise or excessive tiredness.

10. Changes in visioii as i>lurring or narrowirig of the visual field.
11, Incoordiriation.
1P,. '1'remora of the arms and legs.
18, Ãurnbness or i.inglirig of the fingers or toes,

Painting.
16. Spasmodic breathing.

a. Know what, to do in ihe event, of a convulsion:
1, Halt ascent.
8, Remove mask at once.
8. Maintain d<.pi,li.

protect t!ie convulsing patient from injury but do not restrain or forcefully oppose the convul-
sive znovemer>ts.

6. Use a padded»iouth bit to protect tire toiigue of a convulsing patient,
6, If tlr  patient is not convulsir>g, !iavc birn hyperventilate with chamber air for a, fvw breaths.

If oxygen breathing r»usi be interrupted:
1. On table 1, proceed on table IA.
$. On table 2, proceed on table 2A.
8, On table 3, cont.i»iic or> tc.ble 3, using air.
$. Qn table 5, 6, 5>A, or 6A, alloiv 15 minutes after the rea.ction has entirely subsided aiid resume

thc schedule at thc point of' its interruption,
6. On table 5, if ilic reaction occurred at 60 feet, upon arrival at the 30-foot stop, switch to tire

schedule of tabl<. G.
. At thc medic il oflicer's discrvtioii, oxygen breathing may bc res»med at thc 40-foot stop. If oxygen

breathing is resiini< d, coral>lete treatment as folloivs:
1. Res<in>i»g froin t;iblc 1A: bre;ir i<<i oxyg< ri at 40 feet for 30 rui»»les and ar 30 feet  or 1 hour.
8, Resuming from iat>l< 2A: brv;ith< oxygen at 40 fvct for '.50 minutes and at 30 fcct for 2 hours.
8. Irl boih ea ei, thvi> silrf;irv. i!1 o rniriiit< s, still breati>irig oxygen.

Ibisur»ing froin table 3; breailie oxygeri at 40 feet for 30 riiiiiutca arid at, 30 feet for thc first hour,
arid then fi»ish tlic trcatni<iiii, v ith air,

c
d

6. Reciirrence of syniptoriia � Co»tinued
I>ollowirrg tr<'a<i»viii � Conti»ued

If the original ir air»<»t ives ori table 5 or 6, use table G, If th< original treatment was on table 5A
or 6A, us< i:ible i!, 6A, or table 4. If thc origiri;il trcatinent waa on table 3, use table 6, GA, or
t:iblc 4.

>f. I,"x;<rnir>e ih< piitivnt c:ir<.fiiliy t > be sure. no serious aymptoru is present. If thc origirial trratmeiit
was on tai>h 1 or 2>, ap!>eariiricc of n serioiis syn>ptom re i»iree fiill trcatrneni, on table 6, 3, or 4.

c, Usirig oxygr»i tr :i<ment ti<bles riiiri»g or folio«i»g irratment:
1, Tiihle 6 e:in bv hrngili » d by an additio!ial 25 miii<ir<- at 60 feet �0 minutes on oxygen and,>

rnir<utes on nir! or an additional 75 r»input<'s at 30 f<'ct  t5 minutes on air and 60 minutes ori
oxI gen!, or i>otli, Table GA < ari i>c lengtii<»ed in thc same manner.

S. If reli f is riot complete at ii0 feet or if the patio<>t's co»ditiori is worsening, thc additional time
above may bc used or ili< patient ean bc rccor»pres»cd io 165 feet and treated on table 2, 2A,
3, or 4 r<s apl>ropriate.
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TAa!.E 1-32.� ¹feg On reCOmpreSs<On � C0!!ti»t�d

8. Use ol' hr!iu<»-oxygen;
a. Iieliuin-oxygen niixtr>r s i>i;i ratio of a1>out SO;20 can b< used instead of:iir  not in place of oxvgen!

in all types of tri!iin><:nt. and at any d< pt!>.
!>. Tilt' ll«c <>f !ieliunl-oxygeii inixtiires is < «pccia!!y <li, irahlv i» arty patient >vho�

1. IIas serious syn>pt iiiis wliich f <i! io clear within ii s!iort ti<ru::ii 105 f<.ei,,
8. Ilas a r<!ciirr »cc. of syinpto<»s or otli rwisc bccoi»<«>v<>r«:<t «l>y i t>ige of tie itin< ilt,

Ilas any dif!icu!ty in br< atl>ing.

9. Tenders:
a. A qiialiiicd t< nd r n»ist be in. the chai»her at all tiu!es.
I>. Th<. tend< r <aust 1!< a!< rt for any cii:lnge in the conditio<i of tile patient, especially during oxygen bre",h-

! ng.
c. Tlic tcnd<r ini>st. bre:i!he oxvgcn if !ie !!as been with:l patierit througlioui trcatn>ent using tiible I or 2,

I, Oii table I, brea!'h<. oxygen;<t � 1< ct, for,'<0 iliir»iles.
P., On table 2, breath< oxyg<i» at 30 feet for 1 !iour.

d, A tc!'.dcr jn i!i<.  '1>ai>il> r olily durin« the oxvgcn-breathiilg pait of table I or 2 gains a safety factor bv
br< a<lii»g oxygen for 30 min!itis of tlic hist stop, 'i>iii it. i«not essential. Tenders may breathe ox! gen
during the use of t;>bi<! 3 or 4 ai  i 'pc!is of 40 feei. or less.

e, When tai>!<s;>,  i,,'!A,:iii<1 GA are. u«d, ihe tc»der nor<»<illy bre;ith<s air t!iroligl.o!ii. If»wc cr, if th<>
treat»>eilt is a. repetiiiv  div< for l.lie t<nd<r or if ti<bles 0 or GA arc lengthened, the t<-r der n:ust,
breathe oxygen during >hc !:>.s>:30 ioiniites of axe< iit from 30 feet to the surface.

f. Anyon< e!it< riiig t!ie chanibe< and !casing before eoniph;tion of the treat!nent must bc dc on>pre==ed
according io stsiidard d!> ing tabl s.

g. Personnel o»tsid< t'h< char»her riiiist. sp cify and control the decompression of anyone leavi<>g the
oh;>n>bcr and i»iisi, re> icw all decisions concerning tr<; tin<'iit or dccompressio» m;>d< by pares<>r>el
 iiicluding the m<!dic il off!ccri in idc th<; chai»her.

10, Vent!!at!o» of tlic chamber:
a. Al! v 'i>tilal ioii <vi!! be continuous and thi vol<»n s s!>< «iiied are !»easiirc'd at, thc rha<>ibei pris-urc.
b. If ve!i<i!ation must be i>i!< rriiptcd for ai>y r<:iso», the tin>c >vi	 not exceed 5 !»i»utes ii! any "O-m'.. ~ »' e

period. AVh< n i lie vcntilal ion is r< su»>cd, twice th<' volii<iir! of vcntilatioii will bc used for twice Lh ' liine
of the i»i<'rrupi i<!n ai>d then the h;<sic vcntilatio» will h ' used again,

c. When;>ir or s. he!i»<!i-oxvgcn rnixiiir< is 1!r< at !i<:0, pr<>vid» '- ciibie feet per niinutc for a man at rest a:.d 4
cubic fc t per r»iiii<i< for,< ii>ali >vho is not at rest, si<cl> as a tender acti> cly taking car<' of a psti <.<,

<f. %'he» oxygen is breathed, provide 12.5 cubic 1'c«, !>< r i>iii»ite for a, man at rest and ".! cubi" fc .t per
minute for a man <vho i« i>oi >it re. t. '9'hcn th<'« ' vi <i< il:itin!> r;>t< s arc used, no additional ven<.i  ioii
is re<!uircd for persoi<iicl brcathi>ig air. Tlicsc ventilation rates apply only to ti>c nun>her of !! !pie.
breathing oxyg<'.n,

e, Thc above rules apply to all clio!nb<ra tliat do not have facilities to monitor tlie oxygen co»centra<ion
in thc' <'!i:ii»1> r. f;harn!!ers that can moiiitor oxyg< n concm>tratioi> niay use inteririittcnt > ciiiil < ion
ro  hat tile oxygen coi>ccntration in the chamber do< s i>oi, cxc< cd 22>.5 percent. Thi«vent;!atio;i also
requires no additional v< niil:ition for persoiln< 1 brc i>hiiig air.

f. If an <>xvge!i-i ii!»i»;ition sy tein is used for oxygen '1>rcatliing  see app. II! thc veniil:itin<! rate re<!aired
for air breathing n>ay be used a>id:ipplie« to all !!creoniie!, <v!>ether or not tiic oxygen-elimination
system is used to obtain thc corr~ Ci. v litilatioii rat<!.

11. P!rst, aid:
a. First aid may be required in addition to rcconiprc«sio<i. !!o»ot, iicglect it  sco table I � 33 and app, A!.

12. IIecompres ion in the water:
a. IIeco<np!<«sion xvithoilt a cliainbcr is difficu!t and hazardous. I xccpt in gravc emcrge<ici<s, seel i.he

!iearc:t cliauib«eve!> if it is at; > corsidcrab!c di. <alice.
I>. If >vatcr reroinpressh>ii n»!-'t 1><! 'iis<d s»<i th, <!i>s r i«co>i-<!iou« .'><id able to care for himself:

1. 1's< tl>c <leep-««i <liviiig rig if avail<<hie.
S. Fol!o>v trcatincnt t:ii>l< s as c!o«< ly as po--ihlc.
S, ><I<<i»tain constant coil! niii<iic;i< ioii.

Iiav ' a st;indi>y diver readily a»<! pr<  crab!y usc;i tender >vitli thc l>atieiit.
If the diver is unco»scioi>. or incapacitated, s< r>d silo lie! <!i < r do<v» with hiin to control hi-. vah< .. and

otherwisc >i. sist liii>i.
d. If !ig!>t veighl. <1! viiig <i»t!it <>r sciiba i>ii>. t 1!c l>scd, ke< p at !c«st o<ic iliv r >vith tlic pa'.ie<'it;>'. all ti<nes.

I'!a>i ci>refiilly for shiftiiig rigs or cy!inders. !lave <u> iirnplc»»<aber of tender. to!!-i<le:>ii 1 at in;cr-
mcdiaie depths.



TABI,B 1 � 32. ¹fcs on reeornpression � COntirrtted

12. Recornpression in the water � Coiitiri<ierJ
e, If depth is iiiadcqiiate for full treatincnt according to the tables:

I, Take the patient to rrisvii»ruii iivailable depth.
Keep him there for 30 iniriules.

S. Bring him iip according in ial>lc 2A, Do not usc stops shorter than those of table 2A,
13. The niost frequent crrnrs r<ilated to trcatrrrcnt:

a. Failure of tire diver to report symptoms early.
b. Failure i.o treat doubtfr<l c;ives.
c. I ailure to treat proniptlv.
d. Failure to treat adequately.
e. Failure to recognize serious symptoms,

Failure to ker p th<i pati< <it r«ar the cliamber after trcatriicnt.
14. ALWA YS KEEP TIIE 111>'Lait CLOSE TO TIIE CIIA~I BER FOR AT I I''AST 6 IIOURS AFTL'R TIIEAT-

MENT.  Keep him for 24 lioiirs unless very pronipt return can be assured.!

TArr1.z 1 � 33. ¹tes on artificial respiration

1. Start artificial respiration immediately ivhrriev<r a man is nor breathing due to drorvning or any other cause.
a. Never wait for meet>a»ic:il resuscitator,
I>. Delay only io stop serious bleeding  if possible have another person tend to such measures while you start

artigicial respiration! .
c. Send another person for ri merlical oflicer or other competent aid.

2. Before startiiig, rei»<>vc victim from the cause of his trouble; bui do iiotwaste time mowing him any further than
necessary.

3, Get on u>ith arfipria! respiration. 1.< ave details to others or try to get them done quickly between cycles.
a. Recheck position of vict.im:

f. In position for mouth-to-mouth resuscitation.
r>. Head slightly lower thar> feet if possible, cspecia1ly in drowning.
8. Cliin 1>ulled toward operator.

b. Rec heck air v ay:
1. 11emove froth, debris, or other material.
f. Sce that tongue stiiys forivard; have someone hold it if it draws back  you can run a safel,y pin

throu gli toriguc if necessary!.
S. If art>ficiai respirafion does nor move any air, there is an obsfructron. Strangulation must be over-

comec  sce app. A! .
c. Looseii ariy tight clothirig collar, belt, etc.
d, Keep victim ivarm.
e. Check pulse. Combat shock.

4. Continue artificial respiration without. interriiption.  Minirm<rn time is 4 hours unless victim revives or is pro-
nounced dead by medical oiliccr,!

a. Do»oi, apply too much back pressure.  A strong operator ean crack ribs of a small victim.!
I>. If you become tired, 1<it another op<irator take over. Do not break rhythm during sliift.
c. Watch carefully for sigris of return of naiural breathing inoveni< »is. If they al>pear, time your rno<c-

menis to iissist theni,
d. Shift to a mechanical res»sritaror if one is availablc, ready, arid operating properly.
e. If victir» st>irts breathirig for himself, wat,ch hint carefully. Res»inc artificial respiration if he stops or if

movem<i»ts become too feeble,
5. If victim revives, co»tinue care;

a. Keep him ls i<ig do<vn.
b, Reniove ivet clothes; keep him ivarni.
c. Give nothing by niniitli u»til frilly coriscious,
d. Atteiid to airy ir>j<rri< s.
e. Be sure he is seen pronipt.ly by medical ofT>e< r,

NOTE
If victim has b<iri»i»di rivat< r w iih any ki»d nf br<ritliiiig apparat<rs, li<»rag hair a>r rr>rf>ofisr>r. This can
s<.ldom b< ruled o»t iri ar«<rico>rscio<rs die< r, ivhitli< r lic is br<ailiirig nr not, a»drecomlir<ssion s1io»1d
be give>> if any dniibi. caisls. I >o not, di I:iy arr.iiicial respiration. Giv<' ir bv so<<>e >r>rtlrnd oii rvay to elr«rr>-
ber and duri»g reco»>pression.



TAIIr.y. I � 34,� Precautions I'n use of rccorrrpressr'on chamber

Prepare<Inca<>

The personnel and i'nciliti<s of every Xavy diving nrtivitv must be ready to treat decompression sickness or air
ernbolisn> at;r moment's notice at any time.

l. The cliamhcr niid its n»xilinr> <qiiil»»cnt »>»st be iii »»rl'i»g <>rder nnd ready for use. Folios< routine of
p< rio<11< t<. Is nii<1 pr< v< >itive i»ni»tenniic<. Chc< I tli<' f»11<><vi>ig:

a. The charuber itself � free of cxtrnncou. genr, eqi>ilfi>cd nnd r<ndr,
I>. The nir supply h:>nl's ct>urged, ron>pr<s, or ri;><II to opernte.
c. Cor»»>uni< ntio>i g< ar � functi<>ni»g prol>< rly.
<l. Oxvgcn i<ist:illn>ior> � cylinders full, deii>nnd valves operative.
c. I>iedical kit � -stocked nr>d nt hnrid,

2, Personnel must be trairic<l in op<'rntioi> of <qulpmcnt and 'b< nhle to do ar>y job required in treatmeut; deflnite
assignment of resl>o»sihilities is required.

a, Hold periodic training rurLs >vith rotation of personnel.
b. Provide en>ergency bill, listing jobs aiid duties,

General Prcc<rr<tior>s in Uso

l. Avoid damage to doors and dogs. Use minimuur force required in "dogging down"; be sure <1ogs are released
before pressure is reduced.

2. Provide ample chn>nbcr ventilatio», especially when oxyge» is l>ei»g used.
3. Assure, accurate timckcrl>i»g an<1 rccordi»g.
4. Keep teuder with patient especially svheu breathing oxygen.
6, Assure proper de< oml>ression of all l>ersons <ntering chamber.

Pre>rcntion of Piro

1. Remove all <omhusiil>le ruaterinls and replace >vith ruetal or fireproof cor>str>rction  deck gratings, benches.
etc.!.

2. Use only fire-retardiug paint; I-eep painting to minimum.
3. Is<+;I> <lii>uiber clan» riri<l fr<a frou> nll oily d<q>cr'its nr>d volatile >>>nterials of n»y kin<1. Keep all air flIters clean.
4. V< i>tilnt< thoro>>ghly:>f t< r l>ni»1ir> g or uu ivoirlabl< liresc»« ' of n»y 11»»r»able sui!stances.
t>. Use no oil on nny oxygen fitting or equipment.
6. Iseep bedding nud clo>hing to >»i»irunr». Ire sure n>nttress, if »~ed, is covered >vith fire-resistant material.

Use flnmeproof bed<ling material. IIe s»re that clothing is free of grease nnd oil.
7. Locate nil el<wtricnI ssvitclies oi>tside <l>n>ui>er. Keep eleciri<al systeu> in perfect conditio>i. Prohibit use of

anv electrical alqiliance in char»her during oxvger> breathing.
8. Let »o ilarue, matches, ci "arette lighter. lighted cigarette, cig<ir, or pipe be carried into the chnrnber at any tlm<.
9. Assure sr»pl<. vc»ti>atioi> of chan>ber during use of oxvgcn <in<i before auy appliance is used.

10. Provide water aud sand buckets.
ll. Display the followiug >varning proruinently inside and outside the chamber;

WARNING

Danger of fire and explosion is n»rch greater in an oxvgen or a compressed-air atmosphere than in normal
ntmosl>here nt sen-level prc surci, Ilo not n<lmit tlarues, st>nrks, volatile or finn>mablc s<>bstnr>ccs, or
unnecess;>ry combustibles of nuy kind. Provide ample ventilation during oxvgen brenthing. Electrical
appliances should uot be used during oxvgen-breathing periods or wheu the chamber atmosphere is
compressed nir.
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EKRGEt'~CY PROCEDURES FOR DIVING ACCIDHFS IN THE PIICHIGiAtI AREA

It is essential that all persons engaging in underwater opera-
tions activities be well informed as to the location of recom-
pression facilities for emergency treatment of air embolism and
decompression sickness. Casualties must be transported to a
recompression facility as quickly as possible. Divers and
diving instructors are encouraged to formulate emergency trans-
portation plans for use in their local area. For additional
details on transportation and care of diving accident victims,
refer to Kindwall et al. �971!.

In general the most rapid means of transportation is desirable,
providing that it is reasonably safe and practical. If distances
are relatively short, the best method of travel for the victim is
by ambulance. However, if the distance to be traveled is great,
helicopter transportation is recommended. Helicopter emergency
service may be requested by proper authorities  doctor, state
police, sheriff, etc.! from National Guard camps, US Air Force
bases, US Coast Guard, US Naval Air Stations, and civilian
airports. Phone numbers for the nearest facility can be ob-
tained from the telephone operator. Transportation by regular
airplane may further aggravate the victim's condition; how-
ever, if regular airplane transportation is the only feasible
method, the plane should fly as close to the ground as practical
and safe.

Information on ambulance services  ground and air! for south-
eastern Michigan can be obtained from Superior Ambulance Ser-
vice, phone 800-552-4930. Local state police posts and sheriff's
departments will be helpful in formulating emergency plans.

OperationaL recompression chambers known to exist in the Great
Lakes area at present are listed below  operational status and
telephone numbers should be verified before conducting exten-
sive operations in a given area!:

MICHIGAN

William Baumont Hospital
3601 W. 13 Mile Road
~Ro a1 Oak
Phone: �13! 549-7000

SmaZZ one-man chamber--use

onZp as a Zest resort

At the time of printing  August 1972! these chambers were verified
as operational with capability of providing adequate treatment
far diving accidents.
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The Uni vers i ty of Michigan
Underwater Operations Laboratory
1038 G.G. Brown Building
Ann Arbor,
~Phone: 313! 764-9522 or

764-9530 or 761-7928
Dr. Martin Nemiroff

Since this is a mobile uni t, the chamber location and availability
must be verified with the Michigan State Police Operations Center
in Lansing.

W I SCONS I N

ILLINOIS

St. James Hospi tal
Chicago Road at 14th Street
Ch H ht

5-1000

Lutheran General Hospital
1775 Dempster Ave.
P k Rd

2! 692-2210,
ext. !365

Edgewater Hospital
Hyperbaric Unit
5700 N. Ashland Avenue
Chica o,
P one: �12! 878-6000, ext. 180 or 184

OH IO

Ohio State Univ., College of Medicine
Wiseman Hall
400 West 12th Ave.
Columbus,
PPone: T614! 422-8736

Maumee Valley Hospital
2025 Arlington Road
Toledo,
!95one: �19! 385-4661, ext. 245

St. Lukes Hospital
2900 W. Oklahoma Ave.
Milwaukee,
~Phone: 414! 647-6423
Dr. Eric Kindwall

Cook County Hospital
1825 West Harrison St.
Chica o,
P one: �12! 633-6570

Battel le Columbus Labs.
B a t te 1 1 e Memori a 1 In s t.
505 King Ave.
Col umbus,
~one: 614! 299-3151,

ext. 2683

Wright Patterson Air Force
Base

Da ton,
P one: �13! 255-5713

Milwaukee County Hospital
2400 W. Wisconsin Ave.
Chamber at 2430 W. Wisconsin Ave.
Milwa~uke
Phone~414! 342-3065 or 774-3232
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MINNESOTA

Minneapolis Medical Res. Foundation
Hennepin County Hospital
619 S. Fifth St.

330-2276, 330-2370
330-2522, 330-3965

NEW YORK

Veterans Admi ni s trati on Hos pi tal
3495 Bailey Avenue
Buffalo.
Plione  �16! 892-9200, ext. 261 or 395

CANADA

Roy a 1 Vi cori a H os pi ta 1
867 Pine St.
Montreal
~Phone: '515! 842-1251

Toronto General Hospital
Toronto 5
PPpone: �16! 366-8211

For further information on chambers and their operational status,
consult US Navy �971! and KindwaIl et al. �971!. Since situa-
tions change rapidly at medical treatment facilities and data
verification is difficu'It, neither I, the University of Michigan
Sea Grant Program, nor above-mentioned authors can assume re-
sponsibility for the accuracy of this data at any given time.

The hospitaZ authomtiee must be alerted ~ alearanae obtained
beg'oze making the trip. Ground transportation or assistance
may be obtained from state police or sheriff offices. For

Mi 1 lard Fi 1 lmore Hospi tal
Hyperbari c Uni t
3 Gates Circle
Buffalo,
PPpone: �16! 882-8000

Defense Research Est.  Toronto!
1130 Sheppard West
Downs vi ew 9
~one: 16! 633-4240

Department of Physiology
School of Medicine
State University at Buffalo
Sherman Hall, The Circle
Buffalo,
Phone: �16! 831-2746
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military helicopter service, proper authorities may contact
the commanding officer of any of the following airfields closest
to the sphere of operations:

Naval Air StationSel fridge Air Forge Base
Mt Cl M h'

Coast Guard Air Station
T C't M h'

Wurtsmith Air Force Base

3611

Coast Guard Air Ambulance
Phone: �16! 522-3983

Kincheloe Air Force Base
Kinross, Michi an

one: -5611

Any physician may obtai n consultation with physicians who are
acquainted with diagnosis and treatment of conditions requir-
ing recompression from the hospitals.

The US Navy Experimental Diving Unit and Deep-Sea Diving School,
Washington Navy Yard, Washington, D.C., maintain a listing of
recompression chambers and physicians qualified in submarine
medicine. The location of the nearest chambers and qualified
medical personnel may be obtained by telephone from this organ-
ization. Any physician may also obtain consultation with US
Navy medical personnel. A 24-hr watch is maintained. The 24-
hr emergency number at the Experimental Diving Unit is �02!
433-2790. Other EDU numbers are 433-3717 and 433-3718. US
Navy facilities in Washington, D.C., can be reached through
the US Naval Station operator, phone: �02! 433-6700 .

PROCEDURES FOR f'"~ICRIGAN AREA DIVERS,'

l. Contact the nearest state police post. The state
police will contact their operations center for
details.

2. Advise the state police of the accident and the
exact location.

3. Request a physician and ambulance.

4. Indicate that the victim will probably need re-
compression. Request that the state police contact
the nearest chamber and arrange for transportation
to the chamber. US Coast Guard helicopters may be
necessary.



The physician will have t.o make the final de-
cision on treatment and recompression. You,
as a first-aider, can only advise and give all
details needed as clearly and accurately as
possible. Be sure that all concerned know
that it was a SCUBA diving accident.

NOTE:

5. Send a member of the diving team with the physician
and victim to advise the chamber physician of the
exact conditions of the accident.

REFERENCES
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lU.S. units ro ot,her U.S. units]

f engrh Area

Capacitlr  liquid urcasure!rolume  cubic measu remen is!

1 cu in.=0.00058 cu ft
! cu ft =1,728 cu in.

=29,92 quarts
� 7.48 gallons

1 cu yd=27 cu ft

TVeighfs of rearerIVeighl  avoirdupois!

1 ounce  oz! =0.0625 ib
1 pound  ib! =16 or.
1 short ton =2,00014

Pressure

1 pound per square inch  psi! =2,31 ft of fresh water
� 2,25 ft of sea water
= 0.068 atm
=2.036 in, IIg
=14.696 psi
=-29.92 in. IIg
=33.9 ft of fresh water
� 33 ft, of sea mater
= 0.445 psi
= 0.491 psi
=1.133 ft of fresh water
=13.60 inches of fresh water

1 atmosphere  at.m!

l i'oot of scc, mater
1 inch of mercury  in, Hg!

[U.S. units to metric units!

1 ertgth

1 sq in = 6.45 erne
1 sq ft = 929.03 erne

= 0.0929 ms

1 inch = 25,4 mm
= 2.54 crn

1 foot = 30.48 cm
= 0,3048 rn

1 stattite milo = 1.609 km
1 nautical mile = 1.853 km

WefghlVolume aud cai;neith

= 28.35 gm
= 453.6 gtn
= 0.454 kg

1 short ton = 907.2 kg

1 ounce
1 pound

1 cubic inch = 1G.39 cc
1 cubio foot = 28,317 cc

= 28,317 liters
= 0.028317 cu m
= 0.946 liter1 quart

Pressure

1 psi

1 m. of fresh water =

1 in. of mercury

=0.083 ft
=12 in.
� 36 in.
=3 ft

1 fathom =6 ft
1 sin.tute mile =5,280 fr
1 nn»ticnl mile =6,080 ft

=2,026.7 yd

I sq in. = 0.0069 sq f t
I sq ft = l44 sq in.
! sq yd =-1,296 sq in.

=9 sq ft
1 acre � 43,5GO sq ft

=0.00l56 sq rni,
1 sq mile = 640 acres

1 pint  pt! =16 fluid ounces
=28.88 cu in.

l quart  qt! =2 pt
=57.75 cu in.

1 gallon  gal!--4 qt
=231. cu in.

1 quart=2 ib  frcsh mater!
1 eu ft =62.4 lb  fresh water!

=64 lb  sea water!

70.3 grn/erne
0,0703 kg/cm'
0,703 m of fresh water
5.17 cm Hg
25.4 mrn water
2,54 gm/cms
25.4 rnm Hg
34 54 gran/cms



Length Ares

1 sq cm  crn'! = i00 mmr
1 sq m  m'! = 10,000 cmr
1 sq km  km'! =1,000,000 mr

WeightVolume srrd capacity

1 milligram  mgm! =0.001 gm
1 gram  gm! =1,000 rngm

=0.001 kg
1 kilogram  kg! =1,000 gm

1 cubic centimeter  cc!  or
1 millimeter  rnl!! =0.001 liter

1 liter �! =1000,027 cc f
= 1,000 ml
=0.001 mi rn  rn'!
=1,000 liter1 cubic meter  m'!

Weights oj' fresh tester

1 cc or 1 rnl= 1 gm
1 liter = 1 kilogram

Pressure

1 gram per square centimeter  gm/em'! � 0.001 kg/cms
= 1 cm of fresh water

1 kilogram pcr square centimeter  kg/cm'! = 1,000 gm/crnr
=10 ruetcrs of fresh water
=9.75 meters of ses water
=73.56 cm Hg
= 0.968 atm
= 13.6 gm/crn'
� 13,6 cm of fresh water
=-1 8m/cmr
= 1.033 kg/cmr
=760 mm Hg

1 centimeter of fresh water
1 at,mosphere

 Metric uriits to U.S. units!

AreaLength

1 cmr =0.155 sq in.
1 m' =10.76 sq ft
1 sq km=0.386 sq mi

=0.394 in.
� 39,37 in,
=3.28 fi;

1 kilometer=0.621 rni

Volume and capacity

1 gram=0,035 os
1 kg =35.27 oz

= 2.205 lb

1 cc or rnl= 0.061 cu in.
1 cu m =35.31 cu ft
1 liter =51.02 cu in.

=0.035 cu ft
=33.81 fl oz
=1.057 quarts

Pressure

1 gm/cmr
1 kg/crn'

l millimeter  min! =0,1 cm
=0.001 m

1 centiineter  cm! = l0 mm
.=0.0l m

l decimeter« dm! = 100 mm
=10 cm
=0.1 m
=1,000 mm
=100 cm
=10 dm
=0.001 km

1 kilometer  km! =-1,000 rn

iMetrrc units to other metric units!

=0.394 inch of fresh water
= 14.22 psi
=32,8 feet of fresh water
=28.96 inches of mercury

1 am Hg =O. f93 psi
=0.446 foot of fresh ws.ter
=0,394 iiich of mercury

1 cm of fresh water=0.394 inch of fresh water



TENPERATURE C&VERS IC5S

 e! To convert Fahrenheit to centigrade:
Formula:

'C=-y,  'F � 32!

Steps:
1. Subtract 32 front the Fahrenheit

reading.
2. AIultiply the result by 5/9.

 b! To convert centigrade to Fahrenheit-
Forroula:

'F= � X'C +32

Steps:
1. ltinltiply the centigrade reading by

9/5.
2, Add 32 to theresult,
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SELF-CDNTAINH! DIVING EQJIPNH6 LIST

The following is a list of equipment that should be available
for al I research diving operations where SCUBA is used. Each
member of the divi ng team should be outfitted wi th most items;
however, some items  indicated by**! need only be carried by
one member of the team or in a team equipment chest. Optional
items are i ndicated by a single asterisk  *!. Additi onal items
may be included based on mission requirements or personal prefer-
ence.

Bag, equipment
Bag, net
Belt, weight
Cement, neoprene wet suit
Chest, equipment
Compass, underwater
Compressor, high-pressure air **
CyIinders, C02 lifejacket �!  if required! **
Exposure suit  type depends on mission requirements!

Foamed-neoprene, wet-type
Boots
Hooded undervest *
Mitts

Pants

Shirt

Variable-volume type
Hose assembly and adaptor for SCUBA regulator
Mi tts
Suit
Underwear

Fins, swim
Flag, diver's **
F 1 are, di s tres s, day and ni gh t
Float assembly, flat **
Gauge, depth
Gauge, pressure, cylinder *"
Inhalator, oxygen **
Kit, air analysis, field **
Kit, first aid, i ndi vidual  contents may vary with geographi c

1 oca ti on! **
Alcohol for ear rinse �0 percent solution! � oz!
Ammonia solution
Antiseptic spray
Band aids �0!
Butterfly closures  IO!
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Compresses �!
Cotton Swabs �0!
Forceps
Razor blade or scalpel
Scissors
Snakebite kit
Splint, inflatable *
Surgical soap � oz!
Tape, adhesive, 1 in. wide
Triangular bandage  l!

Kit, tool and repair
Disk, safety
Knife, small
Lubricant, si1 i cone
O-rings, cylinder orifice �!
Patches, lifejacket
Screwdriver
Tape, plastic, black
Wrench, adjustable, 6 in.

Lifejacket, gas inflatable, yoke type  C02 or air!
Light, underwater *
Line, buddy, 6 ft **
Line, safety, 200 ft **
Log book, diver's individual
Log book, field
Manual, diving **
Mask

Meter, decompression *
Notebook and pencil
Observation board *
Reel, safety line **
SCUBA, open circuit

Auxiliary emergency SCUBA assembly *
Auxiliary second-stage assembly
Cylinders �!
Demand regulator
Gauge, submersible, pressure
Harness assembly

Slate  with lanyard and pencil!
Snorkel
Sui t, swim
Tables, US Navy standard air decompression and repetitive dive
Towels �!
Watch, underwater
Weights, lead, 3 lb �!
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The following is a list of equipment that should be available
for research diving operations where surface-supplied diving
is required:

Asterisk indications are

Optional.
A lightweight helmet may be substituted for one
mask.
A low-pressure compressor, 50-125 ft3/min,
and receiver tank, may be substituted for these
items; one or more 240 or 300 ft3 cylinders
and fittings should be retained for emergency
supply.
A hot water suit system including suits, gloves,
boots, hose, heater, manifold unit, fuel and
fuel regulators may be substituted for these items,

Antifogging compound
Backpack, emergency air  cylinder, regulator, and harness!
Bag, diver's tool
Batteries, for underwater light �0!
Belt, diver's weight, 35 lb
Belt, diver's weight, 25 lb
Binder, cy'linder �! ***
Cement, suit
Chest, equipment �!
Communications unit
Compressor, high-pressure air ***
Connector, marsh-marine � pr!
Coupling, air to oxygen �! ***
Coupling, air hose, double male �!
Coupling, air hose, female, 9/16 in., 18, oxygen, reusable �6!
Coupling, oxygen tee �! or manifold, oxygen, 5 outlet �! ***
Cuffs, diver's dress   1 pr!
Cylinders, high pressure, 300 ft3  8! ***
Dress, variable-volume, medium size*"*"
Dress, variable-volume, large size****
Filler assembly, cylinder "**
Flag, diver' s
Gasket, face
Gloves � pr! ***
Harness, diver's safety �!
Hose assemblies  air hose and communications line taped and

fitted wi th compatible fittings and connectors!--100 ft,
150 ft, 300 ft.
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Hose assembly, air, 3 ft �!
Hose assembly, suit inflator �! ***"
Kit, air analysis
Kit, first aid  contents may vary with geographic location!

Alcohol for ear rinse �0% solution! � oz!
Ammonia solution
Antiseptic spray
Sand aids �0!
Butterfly closures �0!
Compresses �!
Cotton swabs �0!
Forceps
Razor blade or scalpel
Scissors
Snakebite kit
Splint, inflatab1e *
Surgical soap � oz!
Tape, adhesive, 1 in. wide
Triangu1ar bandage �!

Kit, tool and repair
Assorted open-end wrenches
Knife
Pliers, wire cutter
Tape, teflon
Tape, duct
Tape, black
Screwdriver
Vi se gri ps
Wrench, adjustable, 12 in.
Wrench, adjustable, 10 in.
Wrench, adjustable, 8 in.

Knife, diver's �!
Light, underwater
Line, descending, 200 ft
Line, distance 60 ft
Log, field �00 sheets!
Lubricant, zipper
Manifold, emergency air, diver' s
Manual, diving
Mask, free-flow/demand �! **
Notebook and pencil �!
Overboots
Panel, air control
Pigtails, high-pressure oxygen �! ***



Protector, helmet, head
Rack, cylinder, four �! ***
Shoes, diver, lightweight � pr!
Socks, woo1, large �!
Spray, silicone �!
Stopwatch �!
Suit, swim
Tables, US Navy standard air decompression and repetitive di ve
Underwear �!
Weight, 25 lb
Weights, leg, 5 lb �!




