
SECTION l

INTRODUCTION

There are thousands of scientif ic/academic divers in the United
States and abroad whose terms and conditions of employment fall
outside the existing framework of military, commercial, and
recreational diving. These people work in universities, research
institutes, and government departments, and dive from time to time
in the normal course of their work. Their diving must necessarily
be carried out under acceptable standards of safety, and with
professional efficiency.

The purpose of this
training, qualification,
standards and conduct of
of research activities.
are intended to minimize
divers are exposed.

document is to provide guidance in the
responsibility, safety, maintenance of
operations for scuba diving in the course
The practices recommended in this document
the dangers to which scientific/academic
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SECTION 2

PERSONNEL: QUALlFICATIONS, TRAINING, CLASSIFICATIONS
AND RESPONSIBILITIES

DIVER QUALIFICATIONS

All divers and applicants for diver training must meet
prescribed medical, swimming and fitness standards. Candi-
dates for training are required to pass a specific medical
exaInination and swimming test prior to acceptance into the
training program. University authorized divers are required
to requalify annually. This requalification involves a
medical examination and completion of a specified number of
dives during the previous twelve month period. All divers
are expected to maintain their swimming proficiency and a
high level of physical fitness.

Medical Re uirements

The University shall determine that persons who are,
or are likely to be, exposed to hyperbaric conditions are
medically qualified to perform assigned tasks in a safe
and healthful manner. Prior to initial hyperbaric exposure
all divers shall be examined by a physician familiar with
the physical requirements and medical aspects of diving.
In addition medical examinations are required:

l. At one year intervals from the date of the initial
examination or last equivalent examination;

2. After any injury or illness requiring hospitalization
for more than twenty-four �4! hours;

3. Following decompression sickness with vestibular or
central nervous system involvement or pulmonary
barotrauma; or

4. If the diving instructor, a University respresentative,
ar the Diving Safety Coordinator has doubts as to the
individual's medical qualification to continue diving.

All applicants for University diver training must complete
a specific diver medical examination. This medical examina-
tion includes special emphasis on the individual's medical
history and ear, nose, and throat, pulmonary and cardiovascu-
lar scrutiny. The examining physician must consider the
following  Nemiroff, Somers, and Anderson, 1975!:



Diving involves ~heav exertion. A diver must be in
good health, be free of cardiovascular and respiratory
disease, and have good exercise tolerance.

All body air spaces must ecCualize pressure readily.
Ears and sinus pathology may impair equalization or
be aggravated by pressure. Obstructive lung disease
may cause catastrophic accident.s on ascent.

2.

may result in death. A diver must not be subject to
syncope, epileptic episodes, diabetic problems, or the
like.

3.

Lack of emotional ~stabilit seriously endangers not
only the dxver but also his companions. Evidence of
neurotic trends, recklessness, accident-proneness,
panicky behavior, or questionable motivation for diving
should be evaluated.

Pulmonary
a. Asthma  requiring medications, wheezing on

examination or within one year!
b. Pneumonia - recurrent or present
c. Pneumothorax  recurrent!

Cardiovascular
a. Arrhythmias
b. Aortic .insufficiency
c. Ventricular septal defect
d. Cardiogenic syncope
e. Hypertension

2.

Otologic
a. Perforated tympanic membrance
b. Chronic sinusitis

c. Mastoidectomy  double!

3.

Metabolic

a. Diabetes-mellitus  unstable!
4.

Miscellaneous
a. Osteogenesis imperfecta
b. Vascular instability � Syncope
c, Recent operations
d. Infectious monoucleosis

5.

Disqualifications for scuba diver training are considered
on the following basis  Nemiroff, Somers, and Anderson, l97S!:



Federal regulations specify that em lo ees subject to
provisions of Part 1910 of Title 29 o the Code of Federal
Regulations, Subpart T must submit to the following initial
medical examination:

l. Medical history review;

2. Diving-related work history review;

3. Basic diver's physical examination;

4. Test:

a! Chest x-ray  PA projection!;
b! Visual acuity;
c! Color blindness;
d! Audiogram;
e! Pulmonary function  VC and FEV1!;
f! EKG: Standard;
g! Hematocrit or hemoglobin;
h! Sickle cell test;
i! White blood count; and
j! Urinalysis

5. Any additional test that the physician considers necessary.

The following disorders may restrict or limit tio a
exposure to hyperbaric conditions depending on severity, pre-
sence of residual effects, response to therapy, number of
occurrences, diving mode, or degree and duration of isolation:

l. History of seizure disorder other than early febrile
convulsions.

2. Malignancies  active! unless treated and without
recurrence for 5 years.

3. Chronic inability to equalize sinus and/or middle
ear pressure.

4. Cystic or cavitary disease of the lungs.

5. Zmpaired organ function caused by alcohol or drug use.

6. Conditions requiring continuous medication for control
 e.g., antihistamines, steroids, barbiturates, mood
altering drugs, or insulin! .

7. Meniere's disease.

8. Hemoglobinopathies.

9. Obstructive or restrictive lung disease.

10. Vestibular and organ destruction.



ll. Pneumothorax.

12. Cardiac abnormalities  e.g., pathological heart block,
valvular disease, intraventricular conduction defects
other than isolated right bundle branch block, angina
pectoris, arrhythmia, coronary artery disease!.

13. Juxtra-articular osteonecrosis.

14. Pregnancy

The examining physician is provided with the following:

l. A diving medical examination form  Appendix A!;

2. A summary of the nature and extent of diving conditions
to which the diver will be exposed;

3. A summary of the diver's work history; and

4. A medical history of the diver.

The physician shall provide a written report of the examination
to the University Diving Safety Coordinator and instructor.
This report shall include the:

l. Date and location of the medical examination;

2. Results of the medical examination; and

3. Opinion of the individual's fitness to be exposed to
diving  and hyperbaric! conditions, including any
recommended restrictions or limitations to such
exposure.

The University Diving Safety Coordinator or instructor shall
provide the individual diver with a copy of the physician' s
report.

Swimmin Re uirements

Applicants for scuba diving training must successfully
complete the following swimming test without the use of fins:

1. Swim 400 yards �60 meters! in less than 10 minutes;

2. Demonstrate proficiency in at least two basic swimming
strokes  backstroke, breaststroke, sidestroke, crawl,
etc.!;

3. Swim underwater for a distance of 25 yards �2.5
meters! without surfacing;



4. Swim underwater for a distance of 40 yards �6 meters!,
surfacing not more than four times;

5. Remain afloat for l5 minutes using floating, drown-
proofing, or treading techniques; and

6. Surface dive to a depth of 10 fsw � msw!, recover
an inert swimmer, and tow the swimmer 25 yards �2.5
meters! at the surface.

The applicant must complete the above test without exhibiting
signs of unusual fatigue or physical stress. Rest, periods are
allowed between tests; however, all six tests should be com-
pleted within a 90 minute period.

Certified  university authorized! divers are expected to
maintain the above minimum level of swimming proficiency through
their active diving career. The Diving Safety Coordinator/
Diving Safety Control Board may require periodic demonstration
of swimming proficiency as a requa.lification requirement.
Failure to meet a minimum proficiency level can be a basis for
suspension or restriction of University diving authorization.

Ph sical Fitness

Flexibility, strength, and endurance are necessary for
underwater 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
and emotional stress. Diving, particularly for novices,
places severe stress on the entire body, especially the
cardiovascular and respiratory systems. Anxiety, lack of
skill  inefficiency!, nonconditioned heart, hyperventilation,
obesity, equipment restrictions, breathing resistance,
and cold water are among the factors which cause increased
heart rate and the onset of fatigue. As a general rule,
average participation in diving activities is not sufficient
in itself to develop 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 only 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.

One of the most widely accepted physical fitness or condi-
tioning programs is the "aerobics" program  Cooper 1970! .
This program is based on exercises that stimulate heart and
lung activity for a time period sufficiently long to produce
changes in the body. Aerobics offers a variety of different



forms of exercise including running, walking, cycling,
swimming, handball, basketball, and squash. Each of these
activities has one thing in common. They force the body to
work hard and demand large quantities of oxygen.

The main objective of an aerobic exercise program is
to increase the maximum amount of oxygen that the body can
process within a given time. This is called the body's
aerobic capacity. It is dependent upon an ability to �!
rapidly breathe large quantities of air, �! forcefully
deliver large volumes of blood and �! effectively deliver
oxygen to all parts of the body. Because it reflects the
general condition of the respiratory and cardiovascular
systems, the aerobic capacity is a good index of over-all
physical fitness.

Although many exercise programs have been published
and various authorities advocate various programs, the
Cooper �970! program has been selected as an "exercise
program example" for the following reasons:

l. Apparent acceptance and use by a large population;

2. Detailed and simplified publication sold throughout
the United States;

3. Specific programs for both men and women;

4. Age adaptable;

5. Simplified personal fitness testing scheme;

6. Variety of different forms of exercise including
swimming;

7. Adaptable to a variety of life styles and living
situations;

8. Simplified "point" system for measuring personal
progress; and

9. lt works!

Cooper has devised simple field tests to aid the
individual in accessment of personal fitness. The test
requires only a stopwatch and a place to run. One such
test is the "12-Minute Test." This test involves covering
the greatest distance you can in 12 minutes by running,
walking, and/or a combination of both. An active diver
should maintain a fitness level of Category IV  Good! for
this test. This means that. the male under the age of 30



should be able to cover 1.5 to 1.74 miles �.4 to 2.78
kilometers! and the female diver should cover 1.35 to
l.64 miles �.l6 to 2.62 kilometers! in 12 minutes.

Since the heart rate and blood pressure cannot be
monitored continuously during the field test, there is
a certain degree of risk if one takes this test without
having been properly conditioned by previous exercise.
Cooper suggests the following precautions:

1. "Don't ta.ke a fitness test prior to beginning
an exercise program if you are over 30 years
of age."

2. "Be sure to have a medical examination  as outlined
in Chapter 3 of his book! before you take the test.
If you are over 30, it is still safer to postpone
the test until you have completed the six-week
'starter program' as indicated in Chapter 6
 of his publication! ."

3. "If you comply with the above, yet experience
extreme fatigue, shortness of breath, Light-
headness, or nausea during the physical fitness
test, stop immediately. Do not try to repeat
the test until your fitness level has been
gradually improved through regular exercises."

All persons who are interested in starting an exercise
program or modifying their existing program are encouraged
to read Cooper �970! or other similar publications recom-
mended by a physician or fitness authority. For divers,
the fitness program should include swimming.

DIVER TRAINING

Ideally, scientificjacademic divers should be trained
in special research diver courses. At a minimum this training
shall include:

l. Scuba diving operations and emergency procedures;

2. Scuba diving techniques;

3. The use of equipment, systems and tools relevant to
research diving tasks;

4. Diving related physics and physiology;

5. Knowledge of environmental factors and marine life
relevant to dive planning, operations,.and personal
safety;



6. Field assembly, inspection, disassembly, and mainte-
nance of scuba and associated diving equipment;

7. Use of U.S. Navy Standard Air Decompression and
Repetitive Dive Tables;

8. Training in diving related lifesaving, first aid,
and cardiopulmonary resuscitation; and

9. University safe diving practices and standards.

Detailed guidelines for diver training are included in
Appendix B .

Scientific academic scuba divers are frequently trained
in recreational scuba diving courses. The scope of such
courses is often limited in the areas of physical fitness/
watermanship requirements, dive operation planning and
coordination, accident management, lifesaving techniques,
decompression tables, and so on. Also, the recreational
diver may acquire biased attidues towards equipment, diving
procedures, etc., which are inconsistent with organized
scientific/academic diving. The Diving Safety Coord.inator
and, later in the field, the Diving Supervisor must continue
to assess the recreational trained diver for such incon-
sistencies.

PERSONNEL CLASSIFICATION AND RESPONSIBILITIES

Divin Su ervisor

The Diving Supervisor  designated person-in-charge or
Divemaster! is the person in immediate charge of a diving
operation. He/she is generally a highly experienced diver
or former diver designated by the employer, the University
Diving Safety Coordinator, or by dive team agreement. The
Diving Supervisor has complete authority and full responsi-
bility in the conduct of the operation. All divers are in
turn responsible to the Diving Supervisor for carrying out
their assigned tasks according to preliminary planning and
briefing and must adhere to specified safety requirements.

On major operations the Diving Supervisor will generally
not enter the water. His/her usual post is on the surface
where he/she is in full command of surface personnel and
in a position to direct surface personnel and standby divers
in an emergency situation. The Diving Supervisor may enter
the water in an emergency situation, for predive and post,
dive inspections, and to give directions. In such situations,
a responsible and qualified individual will be designated



as temporary Diving Supervisor. It is absolutely necessary
that a Diving Supervisor be in charge at the surface during
all major diving operations. Whenever possible the Diving
Supervisor should have a full supporting surface crew for
timekeeping/recordkeeping, tending and other tasks.

On simple and limited research diving operations,
the Diving Supervisor may also have to assume the roles of
diver and scuba team leader or that of timekeeper/record-
keeper and tender. Unfortunately, large numbers of
qualified personnel commonly used for military and commercial
diving operations are not always available or feasible for
research diving operations. Under acceptable environmental
and operational conditions, a two-person land based or small
boat scuba team may safely conduct a diving operation.
Naturally, special considerations must be given to dive
planning, boat mooring, diving procedures and so on. Generally,
the most experienced member of the team will assume the role
of Team Leader/Diving Supervisor.

For any diving operation, regardless of magnitude, the
Diving Supervisor shall observe the following:

1. Plan the operation as completely as possible.

2. Survey the activity or task.

3. Evaluate the environmental conditions.

4. Select the proper diving technique.

S. Select and inspect the proper equipment.

6. Designate/approve scuba teams and team leaders.

7. Designate/approve surface crew.

8. Assign/approve task or responsibility for all dive
operation personnel.

9. Brief divers and surface crew as fully as possible.

10. Brief the Captain of the support vessel.

ll. Take all possible precautions against foreseeable
contingencies.

12. When a scuba team is working from a shore base or
a small boat, file a dive plan including exact dive
location, members of team, and estimated time of
return to base.
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Supervise and direct all phases of the diving
operation.

13.

When working with an optimum surface crew, do not
enter personally into any phase of the operation
except to make the predive and postdive inspections,
to give directions, or to handle an emergency.

Ensure that the operation is conducted in compliance
with existing safety regulations.

15.

Ensure that all divers have the required equipment
with them before departing the staging area.

16.

Conduct initial and periodic radio checks with the
operations base and other stations in the area of
operation; adhere to pre-arranged schedules.

17.

Conduct pre-dive inspection of each diver; ensure
that buddy pairs conduct mutual inspections and. enter
the water together; ensure that each diver fully
understands the instructions before he/she enters
the water.

18.

Fill out all applicable information on the rough
diving log at the dive site and/or review entries
made by the designated recordkeeper.

19.

Complete a smooth diving log or final record. within
24 hours after completing the diving operation and
submit it to the Diving Safety Coordinator.

20.

Check with the divers for equipment malfunctions
at the dive site; record malfunctions in log and
"red tag" malfunctioning equipment.

21.

Supervise cleaning and stowing of equipment; ensure
that is is properly maintained and stored.

22.

Take complete charge during any diving emergency and
ensure that proper action is taken and reports made.

23 '

Ensure that all safety precautions and instructions
are followed.

24.

Diving Supervisors are designated/approved by the Diving
Safety Coordinator. They are qualified to supervise diving
operations only for the equipment in which they are already
qualified, and may be required to take periodic courses or tests.
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Scuba Diver

TABLE I � Open water diver requirments for scuba divers

Certification

Depth
 fsw/msw!

Total Minimum Total Minimum
Number o f Underwater
Divers Time  Hr!

Depth Range of
Qualification

Advancement
Dives  fsw/msw!

12 �!3G/9

60/18

100/30

130/39

160/48

190/57

31-60/9.3-18

61-100/1,8.3-30

101-]30/30.3-39

131-160/39.3-48

161-190/48.3-57

24

36 10

48 12

52

56

Initial training dives completed under supervision
of a diving instructor or approved certified diver.
The minimum total number of dives required to receive
a given depth certification. Dives for advancement
in depth rating must be performed within the specified
depth range. For example, to advance from a 30 fsw
 9 msw! to 60 fsw �8 msw! rating requires 12 additional
dives with a minimum total underwater time of 4 hours
performed in the depth range of 30 to 60 fsw  9.3 -18
msw! .
All certification advancement dives or dives beyond
current certification must be made under the direct
supervision of an authorized diver already qualified
to at least the next greater depth and validated by
the signature of the diving supervisor, an approved
instructor, or two authorized individuals who are
divers and are themselves certified to the depth of
certification advancement.

�!

�!

Each dive team member shall have the training and/or
experience necessary to perform tasks assigned in a safe
and proper manner. The classification system used for
scientific/academic diving is based on initial scuba
diver training, supervised environmental exposure/training,
a controlled diving depth exposure progression, and recom-
mendations of instructors or supervising divers. Detailed
guidelines for training and classification of scientific/
academic divers are given in Appendix B. The progressive
depth rating system is summarized in Table I.
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The Diver's Res onsibilities

Each individual on the dive team has specific responsi-
bilities to the other members of the team and, when applica-
ble, to the employer. Willfully using faulty equipment,
violating standard safe diving practices, diving when ill
and so on, not only endangers the individual, but may also
jeopardize the safety of other team members and the entire
diving operation. The following is a list of individual
"considerations" that each person should make when partici-
pating in a scuba diving operation:

l. I have the responsibility and privilege to refuse
to dive if, in my judgement,:

a! The conditions are unfavorable  including environ-
ment, personnel, planning, etc.!;

b! I am not qualified for the diving depth, environ-
mental conditions, equipment, or procedures desig-
nated for this operation;

c! I am not in proper physical or mental condition for
diving  suffering from a cold, hangover, recent
emotional trauma, etc.!;

d! I would violate the dictates of proper diving safety
procedures or the governing standard;

e! The equipment provided for the dive is, in my
opinion, inadequate or malfunctioning; or

f! A proper emergency procedure plan has not been
determined.

2. I have the responsibility for reporting immediately
to the designated person � in � charge and team members
any equipment malfunction or discrepancy in safety
procedures.

3. If I am providing my own equipment, it must be properly
functioning, adequate for the diving conditions, and
meet the acceptable standard for scuba diving. The
following must be considered:

a! Do I have the minimum necessary equipment for this
scuba dive?

b! Are my mask and fin straps in good condition and
properly adjusted?



c! Is my buoyancy compensator properly fitted, equipped
with a fully charged C02 or air cylinder, and com-
pletely functionable?

d! Are my depth gauge and timing device accurate?

e! Do I have proper thermal protection for the surface
and water conditions' ?

f! Does my scuba cylinder have current hydrostatic
test.  within five years! and internal inspection
 within one year! designation?

g! Is my scuba cylinder fully charged?

h! Is my scuba harness properly adjusted and fitted
with a quick-release mechanism?

i! Is my scuba equipped with a submersible pressure
gauge?

j! Is my scuba cylinder properly secured to the back-
pack/harness?

k! Is my weightbelt properly adjusted  amount of
weight!, equipped with a quick-release buckle,
and fitted over all other straps in order to
facilitate unrestricted release?

l! Is a surface float required for this dive? If
so, is my float adequate for towing and emergency
use?

m! Do I have an adequate sharp knife?

n! Are my scuba harness and weightbelt quick-releases
fully exposed  not covered by BC or other equipment!
in order to facilitate uninhibited release by myself
or another person in an emergency?

4. Does my "buddy" know the location and operation of my
C02 inflator, air power inflator  if so equipped!,
scuba harness/weight belt releases, and knife?

S. Do I have proper containers for transporting and
stowing equipment  especially on vessels with large
numbers of divers! ?



Timekee er/Recordkee er

For operations involving several divers and repetitive
dive schedules, a Timekeeper/Recordkeeper shall be designated
by the Diving Supervisor. Whenever possible, this individual
should have no other duties during the dive. The Timekeeper/
Recordkeeper maintains worksheets and fills out the rough
diving log for the operation, and records the diver' s
descent time, bottom time, ascent  decompression! time, and
total dive time. In scuba diving operations, surface person-
nel can directly loq times of starting descent and surfacing.
However, the remaining dive time information must be supplied
by the diver. The Timekeeper/Recordkeeper will keep stop-
watch time on all divers and inform the Diving Supervisor of
any irregularities, as well as keeping him informed at all
times of the status of the dive. Other responsibilities
include  l! knowning the probable diving depth and duration
of the apparatus  air supply!; �! notifying the Diving
Supervisor when the planned dive time is nearly up in order
to facilitate diver pick-up or assistance; �! providing the
supervisor with assistance in figuring no-decompression
schedules; and �! foreseeing decompression requirments and
warning the Diving Supervisor soon enough to make appropriate
arrangements. Consequently, a dive status record  rough log!
and standard decompression schedules must be available for
immediate display .to the Diving Supervisor.

If wireless communications  or wire type communications
for tethered scuba divers! is used, the Timekeeper/Recordkeeper
will generally operate the cormnunications system, The
Timekeeper/Recordkeeper should also be an administrative
assistant to the Diving Supervisor for purposes of final record
preparation, equipment records, personnel management, and so
on. In limited scuba diving operations, the Diving Supervisor
may assume the duties of Timekeeper/Recordkeeper. The Diving
Supervisor shall have the following items available for
timekeeping/recordkeeping:

1. Timekeeping device  ideally a standard watch and
stopwatch!;

2. Appropriate decompression tables;

3. Recordsheets  rough dive log and repetitive dive
worksheets!;

4. Clipboard and pencils/pens; and

5. Operations handbook or safe practice manual.
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A Standby Diver is required for line-tended scuba diving;
and when scuba diving operations are conducted in caverns,
under ice, or in submerged structures  pipelines, shipwrecks,
etc.!; and when divers are exposed to underwater situations
in which there is a significant risk of entanglement  in and
around fishing nets, etc.!. The diver is fully qualified in
the equipment to be used and holds the appropriate environment
and depth ratings for the diving operation. He/she is pre-
pared to back-up or to provide emergency assistance to the
diver s! in the water. The Standby scuba diver shall be
dressed for quick deployment in all required equipment except
fins, mask, and breathing apparatus. This equipment shall be
ready and immediately accessible at the dive location. The
weight belt may also be put on after the breathing apparatus
if the scuba harness includes a crotch strap. A tending
line should be available for use as required. The Standby
Diver receives the same briefing and instructions as the
working divers, and monitors the progress of the operation
so that if called upon for assistance, hejshe is fully
prepared to respond. In some situations the Diving Supervisor
may designate a two-person Standby Team instead of a single
diver.

A Standby Diver is often used at the discretion of the
Diving Supervisor, for openwater d.iving from vessels or
shore bases. In this case, the Standby Diver functions in
a lifeguard capacity ready to render aid to a distressed
diver on the surface. The Standby Diver is stationed at a

EV
area and quickly enter the water. When scuba diving opera-
tions are conducted from large vessels, a small boat  tending
boat or chase boat! is often used to follow the divers or
drift. in their immediate vicinity. The Standby Diver would,
of course, be stationed in this small boat. Although breathing
apparatus shall always be available to this Standby Diver,
it will generally not be used in surface rescue situations.

Tender/Diver Aide

A Tender or Diver Aide is a surface crew member who
assists the divers as necessary in dressing, pre-dive equipment
checks, leaving the boat or shore, and boarding the boat.
The Tender assists the divers in equipment handling and
inspection. In line-tended scuba diving operations, the
Tender constantly tends the diver's line to eliminate excess
slack or tension. The Tender exchanges line-pull communications
with the diver, keeps the Diving Supervisor informed of the
diver's status, and remains alert for any signs of an emergency.
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Ideally, the Tender should be a qualif ied diver. When
circumstances require the use of a non-diver as a Tender,
it is the responsibility of the Diving Supervisor to ensure
that he/she has been properly instructed in tender duties.
As a minimum requirement the Tender should hold the following
qualifications:

1. Familiarity with scuba apparatus and scuba diving
procedures;

2. Trained in diving related first aid and cardiopulmonary
resuscitation; and

3. Thorough knowledge of diving line-pull signals.

Emer enc Medical Person

At least one member of the diving team should be
qualified as an advanced first aider, emergency medical
technician, diving medical corpsmen, or equivalent. Diving
medical personnel aid the Diving Supervisor in assessing
the fitness of divers before the operation begins and are
prepared to handle any medical emergency which might arise.
They maintain the first aid kit and oxygen inhalation
apparatus in a "ready" status. In addition, they may also
instruct members of the diving team in first aid and emergency
medical procedures and provide personal medical advice. A
specially qualified medical technician or physician is
required for operations involving the use of a hyperbaric
chamber.

Boat 0 erator/Crew

The number of personnel required for boat operation
will depend upon the type and size of the craft. Ideally,
Boat Operators should not dive. They are responsible for
boat operation, navigation, proper mooring, boat safety,
and emergency response. However, diving "qualified" boat
crew-persons may be used as a Tender, Timekeeper/Recordkeeper,
or Standby Diver provided that such action does not jeopardize
the operation or safety of the boat. On limited scuba diving
operations using small boats, at least one person should
remain on the vessel at all times. This is a mandatory
requirement for night diving operations.

THE BUDDY SYSTEM

The use of the buddy system is considered by some
authorities as the greatest single safety factor in self-
contained diving. Yet a review of Schenck and McAniff
 ].975! reveals that 92 percent of recreational scuba diving
fatalities in 1973 occurred with the buddy system being used.
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Only 8 percent of the fatalities involved solo divers. Since
1970, only 46 of 469 fatalities studied involved solo divers.
Despite this alarming fact, authorities agree that, 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 a joint responsibility for completion
of the task assigned.

What is wrong with the buddy system? Why do diver still
die while using the buddy system? There is no single answer
to these questions. In some cases, the accident would have
occurred regardless of whether the buddy system was being
used or not. However, many divers fail to understand what
is meant by the buddy system. The buddy system is a "total
commitment." Simply entering the water together or swimming
in each other's presence is not the true buddy system. The
buddy system is both physical and mental. Physical presence
is, needless to say, a vital factor. However, the buddy
system is also a state of mind. The buddy system attitude
begins on your first day of scuba diver training and continues
throughout your diving career. Your life, may indeed, depend
on your choice of a buddy.

First, how do you choose a buddy? Unfortunately, this
involves a rather haphazard approach by most divers. ALL
too frequently, the selection of a buddy is based solely
on "availability," not objective criteria.

Fead �976! discusses buddy selection and describes
four types of divers that may make undesirable buddies:

and �! misunderstood diver. The novice diver is often
awkward and unorganized. He is ashamed of his lack of ability
and experience. The experienced diver may often be placed
in a situation of diving with a novice and this experienced
diver must recall that he was also once a novice. Time,
patience, consideration, and guidance are needed to transform
the novice into a qualified diver. The experienced diver
that embarrasses the novice with regard to his capability,
clumbsiness, and apparent lack of experience may well be
producing an "anxiety factor" that will later affect the
diver's performance. The novice diver may respond by
attempting to "cover-up" his apparent short comings and
may extend himself beyond both his physical and mental
limitations during the dive. This spells trouble for
both divers.

The insulated diver is the diver that feels that the
rules of dxvxng do not apply to him. Everyone else should
dive by the rules; however, he is so good that nothing can
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happen to him. This type of diver often gets into serious
trouble. His buddy must be prepared to rescue the insulated
diver and may not depend on that diver to reciprocate in an
emergency.

most awkward and potentially dangerous diving buddies. This
diver is always challenging his buddies, especially novices.
He commonly brags about his low air consumption. The minute
he returns to the boat he immediately asks how much air you
have left and boasts about his low consumption. If you use
15 lbs of weight on your belt, he finds competitive satis-
faction in either using more or less. He prides himself
on swimming further or faster than his buddy. Most frightening
of all, this diver is generally a "deep freak." Life and
diving are continously competitive events.

Do not accept the challenge of the subtle competitor,
You cannot win! Such feats of competition tend to push you
to and beyond your physical and emotional limits. Every
diver has a reasonabl.e and prudent safe limit. Remember that
the subtle competitor is not only competing with his buddy,
but also himself. As a buddy you must be ultimately prepared.
to rescue this diver when he exceeds his limit.

The misunderstood diver is the one who fails to
communicate with his buddy before the dive. He assumes that
every dive will be the same as the previous dive; consequently,
there is no need for planning. This is the diver who always
gets lost, swims the wrong way, leaves necessary equipment
at home, and so on. He simply fails at "thinking." And
"thinking" is the process in diving by which problems are
avoided or solved.. If the misunderstood diver thinks at
all, he thinks alone.

The buddy must be selected several days before the dive.
Each good diver will ultimately develop his own criteria for
buddy selection; however, the following may serve as a guide:

l. Is the diver ro erl t.rained and ex erienced to
artici ate in the ro osed dive'? Far too often

divers are embarrassed to ask a new buddy for his
C-card and logbook or to ask if he has ever dived
under a particular environmental cond.ition. Would
you want to enter into a 4 ft surf and dive where
there are strong currents with a diver who has only
made 10 dives in a small midwest stone quarry?
Above all, diving buddies must be honest with each
other. If you are not qualified to make the dive,
say so! Do not jeopardize the safety of yourself
and your buddy.
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2. Is the diver h sicall fit to make this dive?
Strenuous dives require fit divers. If you select a
buddy who is not fit, you may find yourself in a rescue
situation. Furthermore, this unfit diver may be
worthless to you if you get into trouble. A diver who
was fit last year may be completely out of condition
this year. A diver who has been recently ill or
hospitalized may also be unfit for this dive. Again,
honesty is a key to safety. If you know you are not
"up to it", decline the invitation to participate
in the dive.

3. Is the diver ro erl e ui ed for this dive? Evaluating
a new d.iving buddy's equipment is part o the game of
safe diving. Both his safety and your safety depend
on that equipment. Does your buddy have a submersible
pressure gauge on his regulator? If not, he is not
an acceptable diving buddy. He is not properly equipped.
Does your buddy have a proper buoyancy compensator?
Is his suit acceptable for the water temperatures to
be encountered? Are his fin straps showing signs of
advanced deterioration? Does your buddy have a watch
and depth gauge? Does he appear to have an "excessive"
amount of weight on his belt? Is all equipment in good
working condition' ?

Equipment does not make the diver; however, the quality,
completeness, and condition of a diver's equipment is an
important factor in evaluating a diver. A poorly equipped
diver may be a poor buddy. If the diver's buoyancy vest
doesn't function in an emergency, it may result in the loss
of his life, your life, or both. Evaluate your own equipment!
Are you properly equipped?

4. Is the diver a "good" budd ? Don't be afraid to ask
fellow divers about a new diving buddy. Reputation
is a key factor. Poor diving buddies are soon identi-
fied in the diving community.

5. How will the diver res ond in an emer enc '? Exactly
how a diver will respond under the stress of an actual
emergency is difficult if not impossible to assess.
However, you can identify if your responses and your

of training and personal diving philosophy.

As a buddy team, what will you do if one diver's air
supply suddenly fails at depth? Evaluation of a group of
midwest divers revealed that about 50% would make an emergency
swimming ascent and 50% would make a buddy breathing ascent.
What would you do? What would your buddy do? It is too
late to work this out at the time of the emergency. Unfortunately,
there are other factors to consider. Let's assume that your
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buddy is a "free ascender" and you are a "buddy breather."
Before the dive you collectively decide that you will "buddy
breathe" if such an emergency arises. Under the stress of a
real emergency, each of you will most likely revert to the
procedure that you have learned or practiced in training.
The "most learned" skill or procedure will dominate. There
is no easy solution. Ideally, you should select a buddy
that has the same training and emergency procedure orienta-
tion as yourself. If you are an individual that is in a
position of diving with "new" and unfamiliar buddies most
of the time, consider an auxiliary breathing system  "pony
bottle" !.

Do not assume that your buddy will respond the same
as you would in an emergency. Practice with your buddy
prior to the dive. A good buddy team will develop a
routine of periodic emergency procedures and rescue
practice.

PERSONNEL CREDENTIALS

All divers must have a current letter of University
diving authorization or a diver certification card and a
recognized form of official identification  driver's license,
staff or student identification card, etc.! in the immediate
vicinity of the diving location. When traveling to dive
at, marine laboratories, other universities, and some resorts
a copy of a current diver medical examination may be
required. The diver's personal logbook should also be
available for review by the Diving Supervisor. All documents
and logbooks should be placed in a protective waterproof
case. They should be carried in the diver's luggage, a
camera bag, or brief case, not a dive bag.
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SECTION 3

DIVING EQUIPNZNT

SELF-CONTAINED UNDERWATER BREATHING APPARATUS

Self-contained underwater breathing apparatus  or
scuba!. is the most common type of diving apparatus used in
recreational and scientific diving today. Generally, only
open-circuit type scuba is used. This means that no breathing
gas is recycled in the system. The diver simply inhales air
from the scuba cylinder and all exhaled gas is released into
the water. Consequently, open-circuit scuba is very ineffi-
cient from a standpoint of breathing gas economy. A large
volume of air is required for a relatively short duration dive.
However, this low gas economy factor is more than compensated
for by the simplicity, low cost, limited maintenance require-
ments, and lack of physiological problems commonly associated
with recirculating type scuba.

Open-circuit scuba components include a high pressure
cylinder with valve, a pressure reduction regulator with
mouthpiece assembly and a submersible pressure gauge, and
a backpack/harness assembly. Some scuba are also equipped
with a buoyancy regulation system and auxiliary breathing
equipment. Two or more cylinders may also be manifolded
together. In this handbook only a generalized description
of scuba components and specifics on preventive maintenance
will be given. Consult a diving manual or textbook for
details.

The open-circuit scuba regulator reduces high-pressure
air from the cylinder to ambient or breathing pressure. Air
flow in initiated by a slight inhalation pressure and continues
only as long as the diver inhales. The volume of air delivered
is regulated by the diver's inspiratory requirements. The
exhaled gas is released directly into the water through a
non-return valve located in the mouthpiece assembly. Today,
most scuba regulators are of the two-stage, single hose type.
In the two-stage regulator air is reduced from cylinder pressure
to ambient pressure through two reduction stages. The first-
and second-stage reduction mechanism are separated by a length
of hose, and the second stage is part. of the mouthpiece
assembly. One-stage and double-hose models are available;
however, because of their limited use and availability, they
will not be discussed here.



The f irst stage is depth compensated and designed
maintain a constant intermediate pressur~ ranging from
about 120 to 180 psig  8. 4 to 12, 7 kg/cm ! above ambient
pressure depending on the make. Most intermediate pressure
reduction valve systems use a piston-type mechanism or
a balance diaphragm/valve mechanism to control release of
high pressure air from the cylinder. The second stage
demand-lever-activated unit designed to reduce intermediate
pressure to ambient pressure. Inhalation by the diver causes
a pressure reduction within the second-stage air chamber with
respect to ambient pressure and a flexible low-pressure
diaphragm is deflated inward. This activates the second,-stage
demand lever which opens the low-pressure valve assembly.
Air enters the second-stage chamber until demand ceases
the internal pressure equals ambient pressure. As air is
released from the intermediate-pressure chamber, the high
pressure valve opens and allows air from the cylinder to
enter the intermediate � pressure chamber. When pressures are
balanced, the valves close to stop air flow until the next
inhalation. In single-hose regulators, the low-pressure
diaphragm may be depressed manually to activate the demand
lever and start air flow.

The exhaust valve port in a single-hose regulator is
located in the lower or side portion of the second-stage
air chamber  mouthpiece assembly!. A non-return valve
prevents water from entering thxough this port. The exhaled
air is deflected away from the diver's face through a special
rubber/plastic assembly.

All scuba must, be fitted with a submersible pressure
gauge that enables the diver to monitor cylinder pressure
while swimming underwater. Generally, the gauge assembly is
attached to the intermediate-stage regulator housing. The
gauge is fitted with a length of high-pressure hose, which
enables the diver to place the gauge in a position for easy
monitoring. Always select a pressure gauge that reads 500
to 1000 psi �5 to 70 kg/cm ! higher than the maximum cylinder
working pressure.

Some divers use regulators with dual second-stage
assemblies to facilitate supplying air to another diver in
an emergency situation. Consequently, the diver does
have to remove his/her mouthpiece as in conventional buddy
breathing. This procedure is simpler and safer. Although
is no standardization of carrying position or use of
auxiliary mouthpiece assembly, many divers attach it to
scuba harness with a quick-release mechanism and simplY Pass
it to a distressed diver as needed. A longer, brightly
marked hose is often used on the auxiliary unit. Divi>g



teams generally standardize position, attachment, and use
procedures on an individual team basis. Procedure and position
must be established between buddy pairs in pre-dive preparation.
Do not let the auxiliary mouthpiece assembly drag unattached
beside the swimmer. It is vulnerable to damage and filling
with debris.

Some scuba regulators are equipped with low-pressure
warning devices. The most common type uses a spri~g activated
valve with a manual override. This mechanism permits air to
flow freely until the cylinder pressure falls to a predetermined
level  generally 300 psig or 2l kg/cm !. At this pressure, a
spring forces a flow check valve against the port orifice and
restricts the air flow. Initially, the diver notices an
increase in breathing resistance followed quickly by complete
obstruction of air flow. The remaining air in the cylinder,
approximately 9 cf �55 liters!, is released by manually
activating the override located on the first-stage assembly.

An audible low-pressure warning system is used on some
regulators. ln this system an audible signal automatically
sounds when the cylinder pressure drop! to a predetermined
level  generally, 300 psig or 2l kg/cm !. The signal
continues during inhalat.ion until the air supply is exhausted
or dive terminated.

The use of low-pressure warning devices other than
submersible pressure gauges on regulators has not gained
universal popularity. In practice, many divers now reject
the spring-loaded mechanism  J-valve type! even on cylinder
valves. The submersible pressure gauge is universally accepted
by American divers and is mandatory under some safety and
health regulations.

Sin le-Hose Re ulators in Cold Water

Single hose regulator malfunctions are relatively
common in cold climates and/or cold water. University of
Michigan divers have experienced. single hose regulator mal-
functions while diving in the Arctic and in the Great Lakes
area during the winter. Fortunately, the single hose regu-
lators malfunctioned in a free-flow or open mode. It was
noted that precooling of the regulator by prolonged exposure
to extreme cold before use contributed considerably to the
chances of a freeze up. Also, residual moisture accidentally
introduced during removal of the regulator from the cylinder
valve assembly or in rinsing appears to be a significant
contributing factor.

Cooling of the air due to adiabatic expansion from
high pressure to low pressure causes moisture in the air or
water in the regulator mechanism to cool significantly.
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Because of the compact design of the first stage of sing3.e
hose regulators heat is actually absorbed from the metal
and even in very cold water the temperature within the
regu3.ator housing itself may be well below freezing. Conse-
quently, water in liquid or vapor form will freeze. Ice
crystals may plug orifices or interfere with the movement of
regulator parts. Nearly all such internal freezing appears
to cause the regulator to malfunction in an open or free-
flow position.

External freezing may also occur. Ice crystals have been
observed to form around both the first � and second-stage
assemblies. These ice crystals may interfere with the proper
movement of regulator parts and cause either loss of depth
compensation, free-flow, or restricted breathing. Generally,
ice forms around the large first stage spring which is exposed
to the water resulting in jamming or excessive friction. This
produces an increase in intermediate air pressure and causes
the down-stream second demand valve to open and free-flow
results. Freezing, internal or external has resulted in
malfunction of both piston and diaphragm type single hose
regulators.

Some manufacturers of single hose regulators have designed
an antifreeze cup to place over a portion of the first stage
assembly. The cup is filled with an antifreeze liquid  i.e.
alcohol compound or equivalent.!. This insures that fluid in
contact with the first stage diaphragm does not freeze. In
another design the first stage of the regulator is fitted
with a depth compensating oil-filled chamber over the diaphragm.
The use of the antifreeze cup concept has reduced regulator
malfunction due to freezing.

To date, there is no valid research data available to
show that the single hose regulator freezing problems have
been solved. Although the antifreeze cups and oil-filled first
stage chambers apparently eliminate the first stage freezing
problems, regulator malfunction as a result of second stage
freezing stil3. exists. Probably many of the malfunctions pre-
viously attributed to freezing of the first stage were, in fact,
second stage freezing or both. Following hard inhalation and/or
depressing of the purge button to activate high air flow, ice
crystals apparently form in the second stage valve assembly.
Consequently, the valve cannot close properly and air continues
to free flow. Free flow at high rates only complicates the
situation by promoting further ice crystal formation. The ice
crystals form from moisture in the diver's exhaled breath
plus free water in the second stage chamber. Divers are
cautioned against letting water enter the second stage chamber
before, during and between dives. Special care is required
to completely dry al3. residual moisture after post-dive rinsing.
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All divers and instructors are encouraged to stay abreast of
current developments in diving through reading of periodicals
such as "Sport Diver" and "Skin Diver Magazine."

It has been shown that breathing from a single-hose
regulator in 32 F � C! water will not normally cause freezing
of the second stage. However, free-flowing the regulator for
more than 5 seconds may cause freezing. In one test situation,
free-flowing through the second stage yielded a 5.4o F second
stage temperature drop within 30 seconds. Thereafter the
temperature remained constant. Therefore, it is estimated
that in water temperatures below 37.4 F � C! in fresh
water and 34.2 F �.2 C! in salt water, potential single
hose regulator freezing is a significant problem.

Years of diving experience with the double hose, two
stage regulator have passed with relatively few reported
regulator freezing problems. In two hose, two stage regulators
the high-pressure reduction mechanism is protected from contact
with the water by the large metal case. The high pressure
diaphragm is surrounded by air, not water. The larger mass
of metal also alters the heat transfer characteristics.

Although some diving equipment retailers claim that
"their" single hose regulators do not freeze and apparently
many divers have participated in ice diving without experiencing
the regulator freezing, the beginning ice diver must, be aware
of the possibility of a regulator malfunction and take precau-
tions against it. The following precautions apply to both
single hose and double hose regulators:

l. Be certain that scuba cylinders are completely dry
inside. Frequent internal visual inspection by qualified
persons is recommended.

2. Be certain that only moisture free air is used to
fill scuba cylinders. Particular attention must be given to
compressors. Some groups advocate the use of elaborate
moisture separator-filter units; special desecant may be used
to remove moisture.

3. Take special precautions when removing the regulator
form the scuba cylinder, replacing the dust cap, and rinsing
the regulator. Water introduced into the regulator following
pool or open-water diving activities prior to the ice diving
trip can cause trouble. This water may freeze inside the
regulator and cause serious malfunction. Avoid the use of
dust caps with hollow cores and be certain that all water is
removed from the eap prior to emplacement.

4. If an antifreeze cap is available for your model of
regulator, use it. However, even the antifreeze cap will not
be an adequate precaution if there is water in your cylinder



or regulator prior to the dive.

5. Avoid prolonged exposure of the regulator to extreme
cold prior to the dive.

6. A dual regulator-cylinder system should be used to
provide an adequate emergency air supply and regulator in the
event of freeze up. Small auxiliary scuba units may be used
for this purpose, providing that the penetrations under the
ice are not extensive or the water depth too great.  less than
60 feet, l8 meters! .

7. It appears that double hose, two-stage regulators
are more dependable for ice diving. The users of single
hose regulators should take special precautions.

8. Breathing from the regulator in a sub-freezing
atmosphere prior to submergence also adds to the freezing
probabilities. I recommend that the diver not inhale from
the regulator until it is just below the surface of the water
when diving under sub-freezing conditions. Also, do not let
water enter the regulator.

Re ulator Preventive Maintenance

Open-circuit scuba regulators are durable, but. they can
be damaged and malfunction unless given reasonable care. Simple
preventive maintenance will ensure maximum oper~ting efficiency
with minimum repair requirements. Scuba regulators are built
extremely rugged externally but are relatively delicate inter-
nally. The clearance between parts is close and foreign
material or rust and salt corrosion can cause inefficient
operation and malfunction. Observe the following preventive
maintenance procedures for open-circuit scuba regulators:

l. Never stow or transport scuba cylinder with the
regulator attached.

2. Do not lubricate your regulator; only ~ro er
lubricants should be applied by qualifj.ed regulator
service persons. Silicone spray, commonly sold in
dive shops, can cause the rubber parts such as
exhaust valves and diaphragms to warp. Sprayed into
the second stage of a regulator, silicone can be
quite dangerous. It can seep under the diaphragm
retaining ring and possibly cause the diaphragm to
"pop out" during use. Underwater the consequences
could be serious. Breathing excessive quantities
of silicone mist can also be hazardous to your health.

3. In single hose regulators avoid sharp bends or tight
loops that can seriously weaken the internal. nylon or
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cotton braid of both second-stage and pressure gauge
hoses. Store with hoses straight or supported. Use
stress relieving sleeves on all hoses at the point
of connection with the second-stage housing .

4. Do not leave the regulator attached to a standing
cylinder following the dive. The weight of the
second stage can cause excessive stress on the regu-
lator hose. Also, the unit may be severely damaged
if it is knocked over.

5. Do not allow the second-stage to "drag" when snorkel
swimming. This places excessive, potentially damaging
strain on the regulator hose where it attaches to the
second-stage and. can seriously weaken hose fibers.
The regulator second-stage may also catch on kelp or
in rock crevices during surf entries/exits. Pressure
gauge and auxiliary second-stage hoses are subject
to the same type of damage.

6. Keep the scuba out of direct sunlight because it
causes rubber products to deteriorate rapidly.

7. Do not allow water or foreign matter to enter the
high-pressure inlet of the regulator. Dry and
insert the protective cap into the yoke to seal the
high-pressure inlet immediately after detaching
the regulator from the cylinder. When water  salt
or fresh! evaporates, it leaves a residue of salts
or minerals.

This residue can accumulate on internal parts of the regulator,
resulting in friction, decreased funtional efficiency, and
excessive wear. Chlorinated swimming pool water is nearly as
harmful to regulator parts as salt water. Use only plastic
or rubber protective caps with a solid core and fitted with
an o-ring to ensure a more positive seal. Avoid metal protec-
tive caps since electrolysis corrosion may result from the
reaction of contact between two different metals and salt water.
Rubber ball type caps are difficult to center and may not seal.
Placing excessive pressure on the ball with the yoke screw can
cause damage to the filter.

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

l. With the dust. cap securely in place, flow fresh
water gently, preferably warm, into all parts; a
2-minute warm water rinse is recommended to dilute
saltwater accumulations and remove all foreign
matter. This is extremely important for a regulator
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with the piston-type first stage since salt and
sand deposits can interfere with the movement of
the piston.

2. Wash the second-stage assembly by flowing water into
the mouthpiece and out the exhaust tee for about 3
minutes to thoroughly remove sand and salt. Do not
depress the purge button while washing the second-
stage assembly. This action opens the second-stage
valve and will allow salt, foreign matter, and water
to enter 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 cylinder and allow air
to flow through it. Rinse the outside of the second-
stage housing and run water across the diaphragm.

3. Shake excessive water from the regulator and hang
it by the yoke to dry; be sure the hoses are straight
or supported, avoid sharp bends.

Occasionally, a regulator may be accidentally submerged
in pool, salt or even polluted lake water without the protec-
tive cap in place. If this does occur, the interior of the
regulator can be washed with fresh, warm tap water or, preferably,
distilled water. Do not attem t to disassemble the re ulator!
On a single-hose unxt, run water into the hxgh-pressure inlet
and hold the purge button down so water will run through
the entire regulator for several minutes. Then, with the
purge button still depressed, shake the water from the regu-
lator. Place the regulator on a cylinder and free flow air
through the regulator for several minutes to complete the
drying.

Regulators may be washed by immersing them in a bucket
of fresh water. Single-hose regulators may be completely
submerged.

During storage and transport, protect regulators from
abuse, physical damage and exposure to high ozone levels in
surrounding air  produces rubber deterioration!. A protec-
tive container is recommended for carrying regulators in the
field. Regulators should be stored in a cool, dry, dark
place. Placing the regulator in a plastic bag will protect
the regulator's rubber parts from ozone.

Careful inspection of the high-pressure inlet filter
is an excellent indicator of potential type and source of
foreign material that may be entering the regulator. This
filter is designed to exclude large particles of foreign
material  generally 40 microns and larger!; however, it will



not prevent all materials from entering the regulator. The
following indicators are noted:

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

2. A black dust or powder may indicate contamination
of the cylinder interior with activated charcoal
from the compressor filter.

3. A reddish-brown accumulation indicates fresh water
inside the cylinder; dry accumulations are indicative
of rust and wet materials suggest the presence of
fresh water in the cylinder.

4. 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.

5. A white crystal accumulation indicates that salt
water, possibly frozn the dust. cap, has evaporated
and left a deposit of salt.

6. Small flakes of paint-like substance may indicate
that the interior lining of the cylinder is coming off.

7. Sand and dirt indicate abusive handling of the
regulator by dragging it through sand or dirt and/or
that the dust cap fits improperly.

Any of these particles can enter the regulator and
impair performance or possibly cause serious malfunctions.
Particles smaller than 40 microns may actually pass through
the regulator to the diver's lungs. If these substances
are present, have the regulator inspected, and if indicated,
the cylinder inspected by a professional scuba service person.

Scuba regulators should be inspected by a qualified
technician annually. In the event of even minor malfunction,
immediate repair is indicated. Annual maintenance procedures
involve inspection  and possible replacement! of all rubber
part.s, pressure-setting adjustments, and evaluation of the
internal condition of the regulator. Periodically, the
regulator must be completely overhauled, including disassembly,
cleaning, and replacement of worn or defective parts. If the
regulator has been subjected to abuse or physical shock, it
should be inspected by a qualified technician prior to use in
open water. A record of all inspections and repairs should
be kept in the diver's logbook.
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Hi h-Pressure C linder

The compressed-air supply for open-circuit scuba is
contained in steel or aluminum alloy cylinders. Scuba cylinder
capacity will generally range from 38 to 100 standard cubic
feet  scf! or 1075 to 2831 liters yt pressures ranging from
1800 to 440 psig �26 to 359 kg/cm~!. A standard cubic foot
is air capacity expressed at atmospheric pressure equivalent
instead of compressed pressure. A standard steel cylinder used
in scuba will have a rated capacity of 71.2 scf �015 liters!
at a pressure of 2475 psig �74 kg/cm !. The working pressure
is stamped near the neck of the cylinder. The n!rmal working
pressure of the cylinder is 2250 psig �58 kg/cm !; however,
under Department of Transportation regulations, steel cylinders
bearing a "+" symbol after the hydrostatic test date may be
filled and transported with a 10% overpressure. This generally
applies only to new cylinders. After 5 years or retesting
the "+" symbol is seldom pl.aced beside the new test date and
the cylinder may only be filled to a pressure of 2250 psig and
the free air capacity is, in the standard cylinder, 64.7 scf
�831 liters!. The standard scuba cylinder with valve and
backpack weighs approximately 35 lbs �6 kg! .

Cylinders constructed of aluminum are now commonly
used for scuba in the United States and Canada. The corrosion
resistance properties of aluminum alloy are far superior to
steel; consequently, both internal and external corrosion
problems are minimal. However, steel cylinders are still in
common usage. Aluminum cylinders are generally available in
50, 71.2, and BQ scf �415, 2015 and 2264 litpr! capacities
with a rated pressure of 3000 psig �11 kg/cm !. The "+"
symbol for allowable overpressure does not apply to aluminum
cylinders.

The exterior of steel cylinders must be protected against
rust and corrosion. Galvanized exteriors are recommended for
durability against abrasion. Epoxy paint over zinc-galvanized
surfaces prevents electrolytic corrosion of the zinc by salt
water, However, with proper preventive maintenance, electrolytic
corrosion is relatively insignificant.

High-pressure cylinders are stamped with letters, numbers,
and symbol.s near the neck, giving certain specifications.
The following is an example of the markings found on a standard
scuba cylinder:

DOT 3AA2250
K7422
USD

1 6 78+

The DOT designates that the cylinder is manufactured in accordance
with requirements for interstate transport. The type of metal
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alloy used is designated by 3AA  chrome molybdenum!;
the 2250 psig working pressure follows the materi~i specifi-
cation. In the above example, K7422 is the cylinder serial
number and USD is the distributer's symbol. The hydrostatic
test date is indicated by 1 e 78+ where " 6 " is the registered
symbol of the tester and the "+" following the test. date
designates that the cylinder may be charged to 10% over the
rated working pressure, Most cylinders also have a manufacturer's
symbol.

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. However, scuba cylinders
should not be left unattended or unsecured in an upright
position. The boot must also be removed periodically to inspect
for corrosion.

The cylinder valve assembly is primarily a slow-turn on/off
valve to control the flow of air from the cylinder and is
designed to facilitate attachment of a regulator or cylinder
charging device. The valve assembly is equipped with a thin,
metallic safety disk designed to rupture at a given pressure
as a measure to prevent cylinder damage from excessive pressure.
The valve assembly may also include a spring-loaded, low
pressure air warning mechanism. See regulators for a brief
description of this mechanism. The valve assembly may be
incorporated into manifold units for use with multiple-
cylinder scuba.

Scuba C linder Preventive Naintenance

Air cylinders and high-pressure manifolds should be rinsed
thoroughly with fresh water after each use to remove all
traces of salt and other 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
corrosion should be removed and a protective coating applied
to these areas to prevent further deterioration of the cylinder
wall. The cylinder boot should be removed periodically. The
portion of the cylinder under the boot is particularly subject
to corrosion and rusting since the boot retains moisture next
to the cylinder. Occasional application of protective coatings
to this area may be required. Also, periodically inspect the
area under the cylinder harness bands for rust and corrosion.

Internal rusting and corrosion are problems that have
become more apparent in recent. years. Some scuba repair
facilities claim that approximately 80 percent of all steel
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 button is depressed,
allowing the second-stage valve to open. The obvious 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  P.pproxirnately 300 psi is
sufficient to keep water from entering the cylinder!. Never
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 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 scuba cylinders, steel or aluminum, should be inter-
nally inspected at least once a year for rust and corrosion.
A special rod-type light that illuminates the entire inside
of the cyLinder should be used for this visual inspection.
Most diving equipment suppliers and repair facilities provide
this service.

The internal visual cylinder inspection program began
about a decade ago in the r'ecreational diving community.
There is, to my knowledge, no local, state, or national laws
at the time of this publication, that require personally owned.
cylinders to be inspected . However, the diving community has
voluntarily imposed this safety standard on itself. Internal
corrosion and rusting in steel cylinders is serious and
dangerous. People have been killed when filling apparently
unsafe, rusted cylinders.

Some divers have stated that aluminum cylinders do not
need to be inspected annually since they do not rust. Aluminum
cylinders may, however, develop an oxide compound on the inside.
If this oxide becomes loose in the cylinder, it may pass
through the vaLve and regulator as fine chalk-like powder.
Most authorities now recorrmend annual inspection,

If internal inspection reveals rust and corrosion, the
steel 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 oxide chips and allowing the cylinder to rotate.
The abrasive materials remove rust and polish the inside sur-
face of the cylinder. The cylinder is then rinsed to remove
loose material and dehydrated internally to remove a.ll traces
of moisture, Aluminum cylinders should not be tumbled.
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Rust chips may be detected by rocking the cylinder through
its horizontal axis while pressing it next to the ear and
listening for foreign matter. Also gently tapping an e~m tg
cylinder with a hammer may reveal internal rust and corrosion.
A clean cylinder will have a clear metallic ring and a corroded
or structurally weak cylinder 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 inspection.

High-pressure cylinders are subject to Department of
Transportation regulations. These regulations require that
high-pressure cylinders transported 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 requiring adherence to Department
of Transportation regulations. Diving equipment suppliers
and air station personnel will generally 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 inserted. The cylinder, filled with
water, is placed in a water-filled pressure chamber and all
air is evacuated. A high-pressure 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 is taken. The burette,
attached to the test chamber by a water line. allows the tester
to measure the amount of cylinder expansion in terms of
water column displacement.

The pressure is increased to one and two-thirds the
rated pressure of the cylinder, or in the case of the standard
scuba cylinder with a rated pressure of 2250 psi, the test
pressure is 3750 psi. This pressure is held for 30 seconds.
A second burette reading is taken under full pressure. The
water column rises due to expansion of the cylinder. 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 expansion of the cylinder is determined.
According to DOT regulations, permanent expansion of l0 percent
or more of total expansion indicates 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! specifi-
cation 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 must
be periodically inspected. Immediate repair is necessary if
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it is determined that assembly is malfunctioning or faulty.
Routine valve inspection and preventive maintenance includes
checking and replacing, if necessary, o-rings and packings.
The proper operation of the low-pressure warning valve is
verified. Divers are discouraged from disassembling the
valve mechanism and applying any lubricants. The entire
valve assembly should be rinsed with fresh water after diving,
and protected from unusual abuse. Frequently, the reserve
lever is damaged when hit against the roof of a cave or a ship' s
hull, or when the cylinder assembly is left unsecured on a
boat deck in rough seas. Use a protective shield for cave
diving and properly secure cylinders at sea and during trans-
port. Cylinders should be tied down, blocked, or otherwise
fastened to prevent shifting duri,ng transport in vehicles.

The diver must be certain that no water enters the cylinder
during filling procedures or as a result of improper use. When
cylinders are being filled, be certain that the filler attach-
ment is not submerged in the water container prior to attaching
it to the cylinder. Water trapped in the filler assembly
will enter the cylinder during filling. Even letting air out
of the cylinder too rapidly can cause moisture to condense
from the cooled air in the cylinder. The air remaining in the
cylinder and the cylinder are cooled as a result of expansion.
You can check for moisture in your cylinder as follows:

l. Open valve, discharge air, and inspect the air
stream for a whitish mist; dry air is clea.n;

2. Smell the air; moist rust has a damp and metallic odor;

3. Listen for sloshing water as you tip the cylinder
back and forth.

It is extremely important that the cylinder interior remains
absolutely dry. Rust and corrosion are obvious problems.
Regulator malfunction as a result of particle contamination
is possible. The cold water diver faces the additional hazard
of internal regulator freezing and subsequent malfunction.

When not in use, the valve orifice should be covered with
masking tape to prevent loss of rubber o-ring and accumulation
of foreign material. Divers should carry extra cylinder valve
orifice or-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  l58 kg/cm ! is mult,iplied by the number of square2

inches  square centimeters! of surface inside a standard
cylinder, the force is found to be approximately 433. 3 tons
 l76,440 kg!. Pr.operty damage, physical injury, and even
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death have resulted 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 potentially deadly missile.

High-pressure cylinders used with open-circuit scuba
should be filled only with pure compressed air. The rated pres-
sure should not be exceeded by more than 10 percent if over
pressure is indicated by a plus  +! following the hydrostatic
test date; otherwise, never exceed the pressure stamped on
the cylinder. Overfilling places extreme stress on the cylinder
walls and may result in metal fatigue. Never allow the cylinder
to overheat during charging. Excessive heat, especially
involving temperatures above 500~ F �60 C!, can result
in significant structural damage.

Scuba cylinders may be stored at full pressure for short
periods of time However, most authorities suggest that the
pressure be reduced to about 100 to 300 psi � to 21 kg/cm2!
for storage periods exceeding a month or so. In the event
that there is moisture in the cylinder, the higher pressures
 high partial pressure of oxygen! accelerate rusting and
corrosion. Leaving some air in the cylinder with the valve
closed in the best protection against contamination of the
cylinder interior. The cylinder should be stored in a
vertical position. The thicker metal at the bottom is less
likely to be damaged by corrosion. Strap or secure the cylinder.

If a cylinder containing some water is stored at high
pressure, the oxygen in the air may be depleted to a signifi-
cantly low level by the corrosion process since oxygen is
consumed in the chemical reaction. At least one scuba diving
fatality has been attributed directly to this cause. The
scuba cylinder was filled about three months prior to its use
on the fatal dive. The victim apparently lost consciousness
and drowned approximately 5 minutes after entering the water.
Analysis of the residual air in the cylinder revealed an oxygen
concentration of only 2 to 3% instead of the normal 208.
Inspection of the interior of the cylinder revealed significant
corrosion. The investigators concluded that the oxygen concen-
tration had been depleted as a result of corrosion.

BASIC EQUIPMENT

Mask

The face mask provides increased clarity and visibility
underwater by placing an air space between the eyes and the
water. Face mask selection is a matter of i~dividual preference,
fit, comfort, and the diver's requirements. The scuba diver's mask
covers only the eyes and nose portion of the face. It consists
of a safety-glass face plate, rubber body with a metal or plastic
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structure to hold the face plate, and a wide adjustable head
strap. Many mask designs incorporate nose pockets to facili-
tate grasping the nostrils and equalizing pressure during
descent. A purge valve, although not necessary may
installed to facilitate purging water from the mask- Prescrip-
tion lenses may be bonded to the face plate or fitted into
a special frame which is inserted into the mask.

The mask must fit comfortably and form a water tight seal
on the face. To test for proper fit, the mask is placed in
position without securing the head strap. The mask is properly
sealed if and when the diver inhales through the nose, it will
remain in place without, being held or leaking air.

Fins

Swim fins increase the propulsive force transmitted
from the legs to the water. Vsed properly, the swim fins
conserve the diver's energy and facilitate all underwater
movement. Swim fins are availabe in a variety of sizes
and designs. Selection of fins is a rnatter of individual
preference, swimming requirements, fit, and physical condition.
The type of fin commonly used today is an open-heel model with
an adjustable heel strap. These fins are availabe in two
or three different sizes and are generally worn over a protec-
tive foamed neoprene boot. The straps are secured with buckles
and often taped to prevent loss. Avoid oversized fins that
place excessive stress on the leg muscles and undersized fins
that require excessive kicking and give limited progress in
the water.

Snorkel

The snorkel is a J- or L-shaped rubber or rubber/plastic
combination tube which enables the diver to breathe while
swirnrning on the surface, without moving his/her head. For
efficient and easy breathing, the tube diameter should be
about 7/8 in. �2rnm!. The mouthpiece should be pliable and
nonrestrictive with an opening cross-section that is approx-
imately equal to the inside diameter of the tube. The
snorkel is generally attached to the mask strap with a
rubber or plastic retainer. Most scuba divers carry a snorkel
to facilitate surface swimming when scuba air is depleted.

A self-contained, inflatable buoyancy unit is mandatory
for all skin and scuba divers. It is one of the diver' s
best safeguards against drowning, especially in rough seas or
when highly fatigued. Scuba diver buoyancy units may be yoke-
type vest independent of the scuba or a vest/bladder attached
directly to the scuba backpack. Each design has its own merits.
The inflatable yoke-type vest remains as the most commonly
used design today.
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In addition to surface lifesaving and dive convenience
applications, the buoyancy unit is used to compensate for
buoyancy variations resulting from wet suit compression as the
diver descends. However, the unit must not be used as a
substitute for fitness, swimming ability an proper weight belt
adjustment. The unit is used to adjust minor variations in
buoyancy.

There is considerable variation in buoyancy unit design
with little or no standardization in inflation systems. The
following should be considered in selecting and using a vest-
type unit;

1. Proper fit  not cover scuba waist strap buckle or
weight belts!;

2. Comfortable, adjustable straps to secure the vest
and preVent "riding upM When inflated;

3. Carbon dioxide or small air cylinder inflation
system independent of scuba for emergency use;

4. Inflation system connected to scuba air supply
with single hand operation of inflator/deflator;

5. Long, large diameter hose attached in neck portion
of vest;

6. Over-pressure valve  in some models this valve is
designed to allow rapid discharge of vest contents,
a good feature! and;

7. A minimum of 25 pounds surface flotation.

Compact type swimmer vesta with small inflation hoses are
used by some skin drvers. Many scuba diver buoyancy compen-
sators are bulky and cumbersome. Compact designs are increasing
in popularity. Most vests are equipped with a "pocket" to
carry decompression tables, a small slate, pencil, etc. Avoid
using the vest as a lifting device or to facilitate carrying
heavy equipment underwater. Use special flotation devices
for lifting and equipment handling so that loss of the
equipment will not result in momentary loss of diver buoyancy
control.

Knife

The diver's knife is essentially a piece of emergency
equipment used in the event of entanglement in lines or nets.
It may also serve as a valuable tool for minor cutting. However,



it is not generally acceptable to use it as a collecting tool,
pry bar, and so on. Special pry bars and collecting devices
are available. Unfortunately, most knives for divers have
heavy 6 to 8 in. �5 to 20 cm! blades. Often they are made
of poor quality stainless steel that is difficult to maintain
sharp. Smaller, high quality stainless steel knives seem
more preferable. The knife must be contained in a sturdy
scabbard that can be attached to the diver's belt, scuba harness,
buoyancy compensator, Leg, or arm.

W~i<iht Belt

A weight belt is frequently required to offset natural
buoyancy or the buoyancy of a diving suit. For scuba diving,
the belt is generally constructed of 2-in. � cm! nylon webbing
with a quick release buckle. Molded lead weights, generally
in 2, 3, or 5 lbs  .91, 1.4, or 2. 3 kg!, are attached to the
belt.

The amount of weight required to offset the buoyancy
of a foamed-neoprene wet suit is primarily determined by the
depth of the dive. Foamed-neoprene rubber compresses as
pressure is increased and, thus, the flotation, or buoyancy
factor is decreased. Several methods may be used to determine
the amount of weight necessary to achieve neutral buoyancy.
To determine the 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
weights until he achieves a state of neutral buoyancy. At
neutral buoyancy, he should sink slightly with exhalation
and rise with inhalation. This amount of weight is generally
satisfactory for diving in depths of less than 30 ft  9.4 m!.
Remember that a full, standard, 7 1.2 ft3 �020 1! scuba
cylinder contains approximately 5 lb �.3 kg! of air;
consequently, the diver can expect to be about 5 Lb �.3 kg!
more buoyant at the end of the dive when his air has been
depleted. Minor buoyancy compensations may be made using the
diver's buoyancy compensator.

The density difference between fresh and salt water has
only a sLight effect on the suit's buoyancy. 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  82 kg! individual
dressed in a bathing suit is neutrally buoyant in fresh water
without the addition weight, he will displace approximately
2.88 ft3  81.5 1! or 180 lb  82 kg! of fresh water. This same
individual will displace about 184 lb  83.5 kg! of salt water.
Since he weighs only l80 lb  82 kg!, approximately 4 lb �.8 kg!
of weight must be added to achieve neutral buoyancy in salt water.



Frequently, novice divers will find that they will
reduce their weight belt requirements by 4 to 5 lb  l.8 to
2.3 kg! 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
useage.

A rapid alternate, but less accurate, method of deter-
mining the amount. of weight required by a diver wearing a
wet suit to achieve neutral buoyancy at the surface is the
formula of l lb  .454 kg! of lead for each l0 lb �.S kg!
of body weight,

Care of Basic E ui ment

All equipment must be thoroughly rinsed in fresh water
after diving in salt water or chlorinated water. In fresh
water diving, a careful rinse is also recommended to remove
sand or mud. The face plate of the mask should be periodically
cleaned with soap. All straps and harness components must be
periodically inspected and replaced if signs of deterioration
are evident'

The buoyancy unit requires considerable maintenance.
lt must be inspected prior to each dive to insure that it
isn't damaged and that both the primary and emergency inflation
systems are operational. At least every 30 dives  or six
months, whichever comes first! a CO2 cylinder should be
discharged to insure continuing function. The CO2 inflation
system must be rinsed after each dive and periodically cleaned
with penetrating oil to remove corrosion and lubricated with
silicone compound. Proper maintenance will insure years of
satisfactory service. The buoyancy bag should be periodically
inflated to full capacity to inspect for leaks. It should hold
full inflation for at, least 2 hours. Replace components or
the entire buoyancy system as required.

The knife must be maintained sharp and free of corrosion.
Sharpen as needed with a good stone and coat blade with a light
oil if rust/corrosion appears.

INSTRUNENTS

Self-contained divers must continuously monitor their
depth to determine proper dive limits. Generally, scuba
divers move around an underwater area, and the depths at
which they work may vary considerably during a single submergence.



This necessitates the use of a self-contained depth gauge,
generally worn on the wrist or attached to the submersible
pressure gauge.

Depth gauges available at present are generally of the
open or sealed bourdon tube, diaphragm or capillary type.
The bourdon tube is currently used in the majoritY of gauges-
In this type of gauge the ambi,ent pressure is transmitted to
a hollow c-shaped spring; pressure variations change the
curvature of the spring. Nany better quality gauges house
this mechanism, the gears, and pointer in an oil-filled container.
Since water acts on the housing  flexible portion or plastic
face cover! to transmit pressure, it does not enter the
mechanism and corrosion is not a problem. Also, the oil-filled
housing tends to protect the delicate gauge mechanism by
dampening shock.

Depth gauge accuracy will vary with make/model, use,
and abuse. Some new gauges are marketed with a tolerance
of + 5% of full scale. Divers must check the accuracy
tolerance prior to purchase; i 2% accuracy within the normal
diving range is condidered maximum for a satisfactory gauge.
The gauge must be periodically calibrated against a precise
master test gauge or a marked chain. Remember that the
gauge registers water pressure converted to feet of seawater.
Therefore, 34 feet of freshwater will give a gauge reading
of 33 feet. The simplest and least expensive depth gauges
are of the capillary type. This type of gauge consists of
a small diameter clear plastic tube that is open at one end
and closed at the other. The tube is secured to a calibrated
dial. As the diver descends, ambient pressure forces water
into the tube, compressing the entrapped air. The leading
edge of the water column indicates the depth. The diver must
be certain that the tube end point is properly positioned,
that there are no air bubbles in the water column, and that
the tube is free of debris. The capillary depth gauge is
relatively accurate at shallow depths, generally less than
60 fsw.

Watch/Timer

A watch or dive t,imer is essential to the scuba diver
for determining bottom time, controlling rate of ascent, and
navigation timing. The diver's watch must be pressure proof
and waterproof; a screw-type sealing crown is recommended.
It should have a heavily constructed case, be highly shock
resistant, self-winding  or battery powered! and nonmagnetic.
A black, blue or orange face with large, luminous hands and
dial is necessary for utmost visibility underwater. An
external, self-locking bezel is required for registering
elapsed time. A heavy-duty band of pl.astic, rubber, or metal
is necessary.
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An underwater stop watch or dive timer is also an
excellent timing device for scuba divers. One model auto-
matically starts timing when the diver descends below a depth
of about 5 fsw �.5 msw! and stops when the diver ascends to
depths less than fsw �.5 msw!. The diver must be certain
to wind the stopwatch and set it on zero before diving.

Watches and timers must be rinsed after each dive and
operated and maintained in accordance with manufacturer's
recommendations.

Self-contained divers commonly use a liquid-filled
magnetic compass for underwater research and navigation.
Generally, the compass is secured to the diver's wrist;
however, it may be fastened to a compass board or carried in
the diver's hand. A diver's compass should have the following
features: �! fluid filled, �! the compass rose marked in
degrees, �! a line showing direction of travel over the face,
�! a course setting line, and �! a moveable bezel. A
good compass will respond rapidly to even slight course
changes and have a high degree of luminescence for use
at night.

When using a compass, the diver will first obtain a
bearing in degrees to a target relative to magnetic north.
While sighting on the target, the diver rotates the bezel
until the parallel lines on the compass face are aligned
with the North needle. The bearing, in degrees, will be
read at the direction of travel line or the end of the
North needle, depending upon the make of compass. To main-
tain proper direction while swimming, the diver must keep
the North needle aligned with the parallel lines on the
compass face.

An inexpensive, accurate hand held compass for underwater
use is the simple hiker's compass mounted on a plastic base
plate  for example, the Silva Polaris Type 7! . The compass
can be carried in the BC pocket when not in use.

Either the diver's wrist compass or hiker's base plate
type compass can be mounted on an 8 x 10 in. �0 x 25 cm!
sheet of 1/4 in. �.35 mm! thick plastic. The compass
board. system greatly improves accuracy on long underwater
swims.

The diver must keep the center line of the compass parallel
to the longitudinal axis of the body and sight over the compass,
not look down at it. The diver must swim in straight lines
and keep his/her body straight in order to achieve accurate
underwater navigation.



DIVING SUITS

Wet-T e Divin Suit

The foamed-neoprene, wet-type diving suit is probably
the most widely used suit today due to its availability and
simplicity. With a properly fitted suit, only a small
quantity of water is able to enter and this water is quickly
warmed by the body. Under ideal conditions in shallow water,
dive durations of up to two hours have been recorded in 29
 -1.7o C! water. Heat loss is restricted by the insulating
properties of the closed-cell, foamed-neoprene material.
Unfortunately, this material is subject to compression under
pressure and its insulating effectiveness decreases with
depth.

Insulation is primarily dependent. on suit quality and
foamed-neoprene thickness. Better quality wet suits are
constructed of "gas-blown" neoprene. Chamber tests show
that "gas-blown" neoprene compresses slightly less with increased
pressure and thus retains more insulating qualities. The rate
of neoprene deterioration and the breakdown of gas spaces is
also less than with the cheaper suits constructed of "chemically
processed" neoprene. Wet suits are commonly available in
l/8 in., 3/l6 in., 1/4 in., and 3/8 in. �.8 mm, 4.8 mm.
6.35 .mm, and 9.5 mxn! thickness. Selection of suit thickness
depends on water temperature, diving requirements  continuous
swimming or limited underwater activity!, dive duration, and
individual comfort preference  thicker suits are more restric-
tive!. The following are suit thickness recommendations for
various temperature ranges:

1. 70 F �1 C! and above: 1/8 in. �.8 mm! jacket

2. 60 F to 70 F  l5.5 C to 21 C!: 3/16 in. �.8 mm!
suit  standard!

3. 40 F to 60 F �.4 C to 15.5 C!: 1/4 in. �.35 rnm!
suit  standard!

4. Below 40 F �. 4 C!: 1/4 in. or 3/8 in. �.35 mm
or 9.5 rnm!  custom!

The standard wet suit consists of a jacket with nippers
in the front and arms, pants with leg zippers, a hood, boots,
and glove-mitts �-finger type!. Various design modifications
and accessories are used to increase thermal comfort and
protection. Suspender-type pants  ' »b" type or "Farmer John"
type! which resemble sleeveless coveralls are commonly used
to provide added thermal protection to the diver's torso, an
area of great heat loss. The 1/8 in' or 3/16 in. �.8 mm



or 4.8 mm! hooded vest is highly recommended for increasing
thermal protection and alLowing for seasonal variation. This
vest prevents significant water seepage to the chest area
 through zipper! and the back of the neck. It 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.

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 with 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. However, most cold-water divers con-
sider it desirable to eliminate zippers.

Hands and feet are subject to the most rapid cooling
rates. In moderate temperature waters and when finger
dexterity is required for manual skill performance, divers
frequently wear l/8 in. �.8 mm! or 3/l6 in. �.8 mm! five-
finger, foamed-neoprene gLoves. Unfortunately, gloves offer
only minimal thermal protection. The three-finger glove-mitt,
3/16 in. �.8 rnm! or 1/4 in. �.35 mm!, is most commonly used
in cold water, For extremely cold water, a gauntlet type,
l/4 in. �.35 mm! or 3/8 in. �.35 mm! mitt designed to reach
to just below the elbow is recommended. Gloves and mitts
must be carefully fitted since the slightest restriction in
the fingers will impair 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-neoprene boots with a hard rubber or felt sole are
designed to minimize wear  damage to bottom surface! and to
protect the diver's feet when walking. The neoprene sock,
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.

A hood must be designed to give maximum protection to the
head, neck, and face; however, it should not intefere 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 chocking sensation, a
headache, dizziness, and coldness. An extremely tight.-fitting
hood and suit neck could cause unconsciousness by restricting
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blood flow to the head. This condition is known as carotid
sinus reflex. 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 evident and eventualjy the diver will lose
consciousness. A special cold-water hood which extends well
over the shoulder area is available . The special cold-water
hood may be worn over a hooded vest, a high neck vest. with
separate 1/8 in. �.8 mm! hood, or a vest without a hood.
Recent improvements in wet suit design have proven that the
separate cold-water hood is relatively effective when used
in conjunction with high top, over the shoulder, bib-type
pantsy The pants, hood, and separate outer jacket must be
custom fitted'

Most wet suits are currently lined with four-way
stretch nylon fabrics This nylon lining facilitates dressing
and retards tearing. There is a slight reduction in suit
flexibility, and some divers claim that thermal protection
is reduced' The nylon lining also serves as a base for sewn
seams' The sewn seam is desirable since it virtually elimi-
nates tearing at seams' One must be cautious with regard to
sewn seams on lower quality suits' Improperly sewn seams
admit large quantities of water and cause significant
cooling. The advantages of nylon lining appear to outweigh
the disadvantages; 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
surface increases flexibility and is more resistant to abra-
sion. Most suits are currently manufactured with textured
surfaces, although distinct advantages of textured surfaces
relative to smooth surfaces are not clearly defined. A nylon
outer surface significantly increases suit 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 lower 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 and provide additional insula-
tion of this critical area.

On custom suits the diver may get a variety of pockets
on arms or legs for carrying slates' knives, snorkels, or
other items. special seam trim or tape is also available
in a variety of colors; however, the overall long term advan-
tages of the trim relative to the cost are questionable. At.
least one major manufacturer of wet suits provides, at extra
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cost, a waterproof-zipper fly in the pants to facilitate the
diver in relieving himself.

Most divers will not be fortunate enough to have two
or more wet suits to use for various water temperature ranges.
Taking into consideration comfort, thermal protection, versa-
tility, and cost, the following suit and accessories are
recommended for the 40 F to 70 F �.4 C to 21 C! temperature
range:

Shirt: 1/4 in.�.35 mm!r no zippers in arms

Pants: 1/4 in.�.3S mm!; no zippers, high bib type

1/8 in.�.8 mm!; hooded  for exceptionally
cold water!

Vest:

Boots: 1/4 in.�.35 rrnn!; hard sole

Mitts: 1/4 in.�.35 mm!; glove-mitts

Hood: 1/4 in.�.3S mm!; cold-water type

Stock sizes acceptable, custom preferable.

The following cold-water wet suit  custom tailored! has
been proven satisfactory for water temperatures of 40o F to
50 F �.4 C to 10 C!  moderate activity level!:

1/4 in.�.35 mm! with attached hood, no zippers
in sleeves; front inverted zipper optional

Shirt.

1/4 in.�.35 mm!, high bib type, cut high in
neck

Pants:

1/8 in.�.8 mm!, hooded or turtle-neck, neoprene

1/4 in.�.35 mrn!, hard sole

Vest:

Boots:

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 personal measurements and various modifications
may be specified by the diver. Fit is extremely important!
A wet suit should fit snugly; not so tight as to restrict
circulation, yet not so loose as 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 respira-
tory fatigue. A good quality suit. will fit snugly and comfortably
but will stretch with body movement.
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Mitts: 3-finger glove-mitts

For arctic diving conditions and where most diving is in
water temperatures of 28 F to 40o F  -2.2 C to 4 ' 4 C!
following wet suit  custom tailored! is recommended:

Shirt: 3/8 in.  9.5 mm!, with attached hood, no zippers

Pants: 3/8 in.  9.5 mm!, suspender type

Vest: 1/8 in. �.8 mm!, hooded

Boots: 3/8 in.  9.5 mm!, foot with 1/4 in. �.35
upper to just below knee

Mitts: 1/4 in. � 35 mm!, or 3/8 in.  9.5 mm!, gauntlet
type extending to just below elbow.

The 3/8 in.  9.5 mm! suit is extreme3.y buoyant and requires
considerably heavy weight belts and a buoyancy compensator.
One should seriously consider a variable volume dry suit at
this point. However, with the wet suit there is virtually
no danger of material failure allowing sudden flooding as in
the dry suits.

Variable-Volume Dr -T e Suit

The variable-volume, dry suit most commonly used by
University of Michigan research divers  Unisuit! is a flexible,
lightweight, one piece, dry-type suit with integral boots
and hood, and separate glove-mitts. It is generally constructed
of 1/4 in. �.35 mm!, closed-cell, neoprene rubber with nylon-
lined interior and 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 designed to be worn with light or heavy underwear and may
be used with scuba or surface-supplied mask or lightweight
helmet. However, extensive horizontal swims are somewhat
fatiguing due to suit bulk and air migration characteristics.

The suit is fitted with inlet, and outlet 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 through a
hose attached to a low-pressure outlet on the regulator or
from a small auxiliary cylinder'. The common practice is for
divers to attach the suit inflator hose to their breathing
regulators. Controlled inflation produces only limited local
ballooning, and squeeze is minimized since the elasticity of
the suit material facilitates equalization of pressure differential
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over the entire body. While the neoprene rubber is compressed
with increasing depth, the insulation properties of the under-
wear and the air envelope surrounding the diver are relatively
unimpaired.

The diver may utilize the variable-volume factor to control
buoyancy. Approximately 24-30 lb  ll.4 -l3.6 kg! of weight
are required to neutralize the buoyancy of the suit. For
normal diving the diver should use only the amount of weight
required to achieve neutral buoyancy at the surface at
normal inflation level. Overweighting can be dangerous.

The suit is also effective as a life preserver. Inflation
of the suit allows a surfaced scuba diver to float on his back
above wave action. Divers are warned against misue of this
type of suit. Some use the suit as a lift bag and carry heavy
anchors, etc. to the surface. This is abuse of a piece of
life-support equipment and the practice should be avoided.

The variable-volume suit is not without some disadvantages.
One of the primary hazards of using this type of suit is the
possibility of blow-up. In the event of an inlet valve mal-
function excessive air may enter the suit and cause overinfla-
tion with subsequent uncontrolled ascent. If this occurs,
the diver must disconnect the air source immediately and vent
the suit by depressing the suit exhaust buttom. Zn the event
that the air doesn't dump rapidly enough, additional air may
be vented through the wrist seal cuffs or by unzipping the
suit. The air will not satisfactorily vent automatically
through the wrist cuffs as claimed in previous manufacturer's
literature. Tests at the University of Michigan have proven
this fact and shown that blow-up is a problem for which the
diver must be prepared.

Accidental release of a weight belt can also lead to an
uncontrolled ascent. Weight belts used with variable-volume
suits should have a secure quick release mechanism and the
use of an over the shoulder harness is highly recommended.

Also, the suit must be sized properly. In one test a
diver wore a suit that was too long for him. On the bottom
during the suit evaluation test, he was asked to invert and
practice righting himself. The air rushed from the upper
portion of the suit and lifted the suit boots, fins and all,
off of his feet. Essentially, he now had two balloons holding
him upside down. Fortunately, being a skilled and experienced
diver, he survived the 80 ft �4.4 m! upside down, uncontrolled
ascent without adverse effects. This is apparently not as much
of a problem in properly fitted suits.

Divers must be trained and practice under close supervision
in shallow water in the use of these suits. They must experience
blow-ups and learn the techniques of righting themselves in
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case they invert. Simply tuck the knees to the chest, roll,
and snap the body into a straight upright position. Do not
use so much weight that you have to overinflate the suit to
remain neutral. Master the use of the suit in shallow open
water before venturing to deep water or under the ice.

There are also reports of zipper or seam failure in a
few incidents. Remember that the suit provides only limited
insulation. The underwear and the trapped air are the prime
insulators. If the undergarment becomes soaked with water
and the suit floods, the diver must be surfaced immediately.
Exposure to 33 F �.6 C! water can render the diver virtually
helpless in minutes. Also, the diver loses the buoyancy
characteristics of the suit.

Using heavy underwear  a knitted nylon-fur or wool
suit, the Swedish Navy has tested the suit in water temperature
of 37 F to 50o F �.8 C to 9 C! at depths of 197-138 ft
�0 � 100 m!. Tests conducted in my presence on an arctic
expedition included a 2.5 hr dive in shallow  to 30 ft or 9 m!
water with a temperature of 29 F to 30 F  -1.7o C to l.lo C!;

The variable-volume suit also provides superior protec-
tion during pre- and post-dive surface exposures since the
diver is dry and the suit acts as an excellent windbreaker.
The diver is more comfortable while on the surface than in
any other type of diving suit.

Under conditions of extremely low atmospheric temperature,
if at all possible, the Unisuit should not be exposed to the
outside temperature prior to the dive. Resulting cooling of
the inlet and exhaust valves can cause icing upon immersion
in water. The icing will render the valves inoperable until
they have warmed to ambient water temperature. Also, icing
of the inlet valve in an open position can be caused by
using long bursts of air; use short bursts to inflate the
suit. Icing of the inlet valve could lead to overexpansion
of the suit and loss of buoyancy control.

ACCESSORY EQUIPMENT

Surface Floats

Many skin and scuba divers tow surf mats, surf boards,
inner tubes, or similar floats when swimming offshore. The
float is used for carrying equipment and samples or as an
object on which to rest. It is a very useful item of rescue
equipment. The float is generally towed on a nylon or plastic
line which is coiled on some sort of reel or line retainer.
The float is fitted with a pole and diver's flag tha.t extends
at least one meter above the water's surface.
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Slate

A sheet of l/8 to 1/4 in. � to 6 mm! thick plastic
with both surfaces roughened with fine sandpaper serves as
a writing slate. Size is a matter of personal preference.
An ordinary 42 pencil is secured to the slate with a length
of line. The slate may be carried in the BC pocket or
secured to the diver by a lanyard.

Gloves

Gloves/mitts for thermal protection are discussed in
that section. However, tropical divers will want to include
a pair of snug fitting vinyl gloves in their equipment. bag
to facilitate handling marine life.

Numerous items of accessory equipment are available
for special applications. Zn this handbook only basic
equipment essentials are discussed. Space does not permit
a description of such items as:

l. Reels and lines;

2. Underwater lights;

3. Photographic equipment;

4. Flares/emergency flashers;

5. Wireless communications systems;

6. Special bags and boxes for diving equipment;

7. Diver propulsion vehicles;

8. Shark defense devices; and

9. Decompression meters.

The reader is referred to the numerous text/manuals and
equipment supply stores for detailed information on these
and other accessory equipment items.
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NOTES:


