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SPECIAL NOTE:

A publication is of value only insofar as it is maintained current and informa-

tive. The U. S. Navy Diving Manual (NAVSEA 0994-LP-001-9010) must reflect

all new developments and current procedures in the diving field .

All individuals and activities engaged in diving are authorized and requested

to submit constructive criticism and recommendations for improvement of

the manual direct to the:

Department of the Navy

Naval Sea Systems Command

Washington , D.C. 20362

ATTN: Supervisor of Diving
――
OOC

The Supervisor of Diving is assigned responsibility for periodic assembly of

the field recommendations into proposed numbered changes. These pro-

posed numbered changes will also include information on equipment, tech-

niques, and procedures as they are developed .

The Naval Sea Systems Command is responsible for publication of approved

changes to the U. S. Navy Diving Manual .
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FOREWORD

Navy Department

Naval Ship Systems Command

1 September 1973

The U. S. Navy Diving Manual (NAVSHIPS

0994-001-9010 September 1973) super-

sedes the U. S. Navy Diving Manual of

March 1970.

The revised manual has three objectives:

(1 ) to assemble and present all technical

information now available; (2) to provide a

vehicle for rapid dissemination of new de-

velopments; and (3) to authorize the use of

specific practices that assist personnel in

the field to perform their duties.

This edition of the U. S. Navy Diving Manual

represents one of the most comprehensive

revisions of this manual since its inception.

The intent is to present to the divers ofthe

U.S. Navy the most current information in

the field of diving . The format is so de-

signed that, as advances in diving are

made, this manual can be kept current by

the addition of new material .

MsBedf

John H. Boyd , Jr.

Captain . U. S. Navy

Supervisor of Diving

FOREWORD iii
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PREFACE

From its inception in 1916 it has been the tradition of

the U. S. Navy Diving Manual to strive to presentthe

most comprehensive information possible concern-

ing diving . Although the art and science of diving

have their roots in antiquity, the technical develop-

ments of the past decade overshadow any other

period in diving history. As a consequence of this

growing technology and extensive improvements in

established practices and equipment, this edition of

the manual reflects one of the most comprehensive

revisions ever prepared .

For the first time the manual has been separated into

two volumes-Volume No. 1 (Air Diving) and Volume

No. 2 (Mixed-Gas Diving) . This change, based upon

the experience and suggestions of many Navy divers ,

serves several purposes . The division reflects the

qualification and training requirements of Navydivers

and other users , improves clarity and simplifies refer-

encing . Future revisions of the manual are also facili-

tated by the separation of fundamental air diving.

technology from the rapidly changing field of mixed-

gas diving.

The manual has been completely rewritten , and the

format has been changed . The volumes are tab-

indexed for quick reference and incorporate more

illustrations, photographs and charts than previous

editions. The loose- leaf style of the manual has been

retained to simplify the addition of new data as it

becomes available.

This edition of the U. S. Navy Diving Manual incor-

porates several major new areas of diving technology.

Included are the application of deep diving systems

and associated diver breathing apparatus , saturation

diving and lightweight equipment for mixed-gas op-

erations. Many new types of equipment are also dis-

cussed for the first time . Noteworthy additions are

single-hose SCUBA regulators , improved voice com-

munications equipment, hot water suits , helium-voice

unscramblers, deep diving systems, the MK 1 light-

weight mask, and mixed-gas underwater breathing

apparatus .

Many established procedures and techniques of div-

ing have been revised , expanded or clarified . The

topic of diving operations planning , a key element of

safe and efficient diving , has been expanded . The

characteristics and selection of air supply systems

are discussed in greater detail . Several new aspects

of underwater physiology of particular importance in

deep diving , such as pulmonary oxygen toxicity , mini-

mum inspired gas temperatures and the high pressure

nervous syndrome , are introduced . Simplified instruc-

tions have been prepared for the administration of

oxygen recompression treatment and recognition of

the signs and symptoms of decompression sickness .

Decompression tables and their format have been

extensively revised . Mixed -gas tables have been sep-

arated into three indexed categories- SCUBA, sur-

face-supplied (partial pressure ) and saturation - for

easier referencing . Table numbers have been elimi-

nated to minimize the confusion which has resulted

from designation changes associated with frequent

revision. Exceptional exposure schedules (printed in

red) and normal schedules have been combined.

New data is interwoven throughout the manual . Infor-

mation is presented on hyperbaric flammability,

equipment gas and absorbent usage, gas mixing and

analysis , OPNAV 9940/1 record keeping , new depth.

limits, U.S.N.-approved equipment and useful NAV-

SHIPS publications .

The field of diving is dynamic , and it has been the in-

tent of this edition of the manual to include the most

timely, authoritative and safest information possible .

The contents of this manual represent the distillation

of countless years of experience and experimentation

by Navy divers. From the lessons to be learned from

the history of diving to the understanding to be gained

of saturation diving procedures, this manual offers all

divers hard-won knowledge which can improve the

efficiency and safety of all diving operations . It is to

this group, the past, present and future divers ofthe

U. S. Naval Forces, that this edition of the U. S. Navy

Diving Manual is dedicated .

говедар

John H. Boyd, Jr.

Captain , U. S. Navy

Supervisor of Diving

PREFACE
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CHAPTER ONE

HISTORY OF DIVING

Figure 1-1 This sixth-century B.C. vase shows a Greek diver

about to descend , probably in search for sponges.

The origins of diving are firmly rooted in the needs and

desires of men to conduct military or salvage oper-

ations, to engage in underwater commerce , and to ex-

pand the frontiers of knowledge through exploration

and research .

No one knowswhen man first discovered that he could

hold his breath and go underwater , butthe beginnings

of diving as a profession can be traced back more than

5000 years. These early diving efforts were confined

to relatively shallow waters ( less than 100 feet) , with

the divers harvesting a variety of materials of com-

mercial value including food , sponges , coral and

mother-of-pearl .

One of the first records of such diving is found in the

writings ofthe Greek historian Herodotus . He tellsthe

story of a diver named Scyllis , who was employed by

the Persian King Xerxes to recover sunken treasure in

the 5th century B.C.

From the earliest times, divers were active in military

operations; and their missions included cutting anchor

cables to set enemy ships adrift, boring or punching

holes in the bottoms of ships , and the building of har-

bor defenses at home while attempting to destroy

those ofthe enemy abroad . Historical records indicate

that Alexander the Great not only sent divers downto

remove obstacles in the harbor ofthe city ofTyre, now

called Lebanon , which he had taken under siege in

332 B.C. , but also went underwater himself to viewthe

progress oftheirwork.

Other early divers developed an active salvage indus-

try centered around the major shipping ports ofthe

eastern Mediterranean . By the first century B.C. , op-

erations in one area had become so well organized

that a scale of payment for salvage work was estab-

lished by law acknowledging the fact that effort and

risk increased with depth . In 24 feet ofwater,the divers

could claim a one-half share of all goods recovered . In

12 feet of water they were allowed a one-third share;

and, in 3 feet, only a one-tenth share.

The techniques of these primitive divers are still used

today in a few areas of the world . The breath-holding

skin diver trains from childhood , developing excep-

tional lung capacity, stamina and confidence . Hefills

his lungs with air and grasps a stone or other weight

to accelerate his descent to the bottom . By using a flat

stone , he can steer a course toward a target area; and

often, the divers work with a rope tied to their waists

so that a co-worker can assist in bringing the diver,

the stone, and the payload back to the surface.

These dives usually have a duration of one to two min-

utes, which is roughly the length of time that an aver-

age man can hold his breath on dry land . The average

depth ranges from 80 to 100 feet. The trained skin

diver has no difficulty in achieving this standard even

with the extra exertion of working underwater, and

many dives have been recorded of greater duration

and to greater depths . However, repeated breathhold

diving of this type can have a cumulative debilitating

effect on the human system.

EARLY DEVELOPMENT
S 1.1

The most obvious and necessary step in broadening

the capabilities of a diver was to provide an air sup-

ply that would permit him to stay underwater. The first

such efforts used hollow reeds or tubes extending to

the surface . The user could remain submerged for an

extended period of time, but could accomplish little in

HISTORY OF DIVING
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Figure 1-2 This 1511 design shows the diver's head

encased in a leather bag with a breathing tube to the surface.

the way of useful work. Breathing tubes were em-

ployed mainly as a tactic in military operations where

they permitted an undetected approach to an enemy

stronghold. Men using these tubes were not so much

divers as they were soldiers using the water as a

cover for their mission.

At first glance , it would seem logical that the only

thing needed to further extend the range ofthe diver

would be a longer tube . In fact, a number ofearly de-

signs were created following that concept- leather

hoodswith long flexible tubes supported atthe surface

byfloats. There is no record that any of these devices

were actually constructed ; and , if any were tested

under actual conditions, the result may well have

been the drowning of the user. Even at a shallow

depth of 12 inches , it is essentially impossible to

breathe through a tube using only the body's natural

respiratory ability since the weight of the water exerts

a total force of almost 200 pounds on the diver's

chest . This force increases steadily with depth and is

one of the most important factors in diving . Any suc-

cesful diving operation requires that the pressure be

overcome or eliminated . Throughout history , imagina-

tive devices were designed to accomplish this, many

bysome ofthe greatestminds ofthe time ; but, because

the problem of pressure underwater was not fully

understood , the designs were impractical .

Figure 1-3 Assyrian frieze (900 B.C.)

An entire series of designs were based on the ideaof

a breathing bag carried by the diver. This concept

may be quite old since an Assyrian frieze of the 9th

century B.C. shows what appear to be divers using in-

flated animal skins as air tanks . However, these men

were more probably swimmers using the skins forflo-

tation . It would be virtually impossible to submerge

while holding such an accessory.

Aworkable diving system may have made a brief ap-

pearance in the later middle ages. In 1240, Roger

Bacon made reference to "instruments whereby men

can walk on sea or river beds without danger to them-

selves."

Otherwriters , in the 16th and 17th centuries, described

and published drawings of equipment which fore-

shadowed later successful developments. However,

it is doubtful that these designs had any substantial

influence, and to give undue credit to the inventors of

that period would be similar to giving Jules Verne

credit for inventing the nuclear submarine . Verne had

the imagination and foresight, but lacked the neces-

sarysupporting technology.

Early Successes 1.1.1 During the general pe-

riod 1500-1800 , a device was developed and placed

in use which enabled divers to remain underwater for

1-2 US NAVY DIVING MANUAL



lengths of time measured in hours rather than minutes .

This was the diving bell.

Literally bell-shaped, with the bottom open to the sea,

diving bells were large , strong tubs weighted so asto

sink in a vertical position thereby trapping enough air

to permit a diver to breathe for several hours . The prin-

ciple of the bell is easily observed by pushing an in-

verted drinking glass into a pan of water. The air in-

side the glass is compressed slightly bythe water,

with the pressure equalizing at some point to leave a

reservoir of air.

Diving bells are suspended by a cable from the sur-

face and have no significant underwater maneuver-

ability beyond that provided by moving the support

ship . The diver can either remain in the bell , if posi-

tioned directly over his work, or can venture outside

for short periods of breath -holding activity.

The first reference to an actual practical diving bell

was made in 1531 ; and , for several hundred years

thereafter, rudimentary but effective bells were used

with regularity. In the 1680's, a Massachusetts- born

adventurer named William Phipps modified the diving

bell technique by supplying his divers with air from

a series of weighted , inverted buckets as they at-

tempted to recover treasure valued at £200,000 .

In 1690 the English astronomer Edmund Halley (who

predicted the periodic return of the comet which

bears his name) developed a diving bell in whichthe

atmosphere was replenished by sending weighted

barrels of air down from the surface . In an early dem-

onstration of his system, he and four other people

remained at 60 feet under the Thames River for al-

most 1.5 hours . Nearly 26 years later, using an im-

proved version of his bell , Halley, then 65 years old,

spent more than four hours at a depth of 66 feet.

In 1715 , another Englishman-John Lethbridge - de-

veloped a one-man completely enclosed diving

dress. The Lethbridge equipment was essentially a

reinforced, leather-covered barrel of air, equipped

with a glass porthole for viewing, and having two

arm holes with water-tight sleeves, thereby permitting

the occupant to accomplish useful work. This appara-

tus was slung from a ship and maneuvered in the same

manner as a diving bell .

HE W

Figure 1-4 More advanced diving bells, such as these

designed by Halley, included weighted barrels of airto

replenish their atmosphere.

Figure 1-5 Lethbridge's diving suit.

HISTORY OF DIVING 1-3



Figure 1-6 Successful enclosed diving dress .

Lethbridge was apparently quite successful with his

invention and participated in the salvage of a number

ofwrecks in various waters of Europe . In a letter to the

editor of a popular magazine in 1749 , the inventor

noted that his normal operating depth was 10 fathoms

(60 feet) with about 12 fathoms the maximum , and that

he could remain underwater for 34 minutes.

Several other designs similar to Lethbridge's ap-

peared and were used in succeeding years . However,

they all suffered from the same basic limitation as the

diving bell: the diver had little freedom because there

was no practical way to continually supply him with

air. A true technological breakthrough occurred atthe

turn of the 19th century with the development of a

pump capable of delivering air under pressure .

The Deep-Sea Diver 1.1.2 The art and practice

of salvage diving was well developed as England en-

tered the industrial revolution in the middle ofthe 18th

century. Using diving bells, devices similar to that of

Lethbridge, or simple skin diving in shallow waters,

1-4

Figure 1-7

sunken warship .

Salvaging valuable brass cannons from a

salvage operators were very active recovering every-

thing from lost anchors to gold coins and silver ingots.

While the common man was always fascinated by the

search for "sunken treasure ," such finds were rare

and the day-to-day financial rewards came from more

mundane but surprisingly valuable scrap . The brass

to be recovered just from the ordnance of a 100-gun

ship of the line was worth more than $50,000 in the

money of the day. And , with perhaps 1000 new mili-

tary and civilian wrecks littering the shores of Great

Britain each year, there was a strong incentive for the

development of a diving dress which would increase

the efficiency of salvage operations .

Traditional credit for the development of the first

practical diving dress has been given to Augustus

Siebe . Actually he was only one of several men who

produced a successful apparatus at the same time.

US NAVY DIVING MANUAL



John and Charles Deane , two brothers who became

active in the salvage business, obtained patents in

1823 on the basic design for a "smoke apparatus" to

permit firemen to move about in burning buildings .

By 1828 this had evolved into "Deane's Patent Diving

Dress ," consisting of a heavy suit for protection from

the cold, a helmet with viewing ports , and hose con-

nections for bringing in surface-supplied air . The hel-

met was not fastened to the suit , but simply rested on

the driver's shoulders, held in place by its own weight

and by straps to a waist belt. The exhausted or sur-

plus air passed out from under the edge of the helmet,

and posed no problem as long as the diver was stand-

ing upright. However, should he trip and fall the hel-

met could quickly fill with water.

The Deanes were well enough organized as salvage

operators that in 1836 they even issued a diver's

manual-perhaps the first ever produced .

Augustus Siebe's initial contribution to diving was

essentially a modification of the Deane outfit. Siebe

"sealed" the helmet to the dress at the collar byusing

a short, waist-length suit which permitted the exhaust

air to escape under the hem . By 1840, Siebe had

adopted a full-length waterproof suit and added an

exhaust valve to the system . Known as "Siebe's Im-

proved Diving Dress," this apparatus is the direct

ancestor of the standard deep-sea diving dress in

widespread use today.

By 1840, several other types of diving dress had

appeared on the scene and were being used in actual

diving operations. At that time , a unit of the British

Royal Engineers was engaged in the sizable project

of removing the remains of a sunken warship (HMS

ROYAL GEORGE) , which was fouling a major fleet an-

chorage just outside of Portsmouth , England . Colonel

William Pasley, the officer in charge , decided that his

operation was an ideal opportunity to formally test

and evaluate the various types of apparatus . His test-

ing eliminated one outfit (Bethell's apparatus) from

further consideration because the method of fasten-

ing the helmet to the suit was too cumbersome and

time-consuming . He was wary of the Deane apparatus

because of the safety factor; and therefore , formally

recommended that the Siebe dress be adopted for

any future operations .

Figure 1-8

Figure 1-9

500

Deanes' "smoke apparatus ."

Siebe's first "closed" diving dress and helmet.

HISTORY OF DIVING
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Figure 1-10 The salvage of the ROYAL GEORGE .

When Colonel Pasley's project had been completed ,

an official government historian noted that "of the

seasoned divers, not a man escaped the repeated

attacks of rheumatism and cold ." The divers had

been working for six or seven hours a day, much of it

spent at depths of 60 to 70 feet . Colonel Pasley and

his men did not realize the implications of this obser-

vation . What appeared to be rheumatism was, in fact ,

a symptom of a far more serious physiological prob-

lem which, within a few years, was to become of great

importance to the profession ofdiving .

The Mysterious Malady 1.1.3 At the same

time that a practical diving dress was being per-

fected , other inventors were working to improve the

diving bell by increasing its size and adding high-

capacity air pumps capable of delivering sufficient

pressure to keep water entirely out of the interior

of the bell . This improved pump capability soon led to

the construction of chambers large enough to permit

several men to engage in dry work on the bottom .

This was particularly advantageous in such projects

as excavation of bridge footings or the construction of

tunnel sections where long periods of work were re-

quired . These dry chambers came to be known bythe

French word caisson which literally means " big box. "

Figure 1-11 This French caisson could be floated over the

worksite and lowered to the bottom by flooding the tanks

on either side .

Caissons were designed to provide ready-access

from the surface . Through the use of an air- lock, the

pressure inside could be maintained while men,

debris or materials could be passed in and out. The

development of the caisson was a major step forward

in engineering technology, and their use grew

quickly.

Concurrentwith the expanding use of caissons , an

apparently new and unexplained malady began to af-

fect the caisson workers . After completing a shift and

returning to the surface , they would frequently be

struck by dizzy spells, difficulty in breathing , or by

sharp pains in the joints or abdomen . If left alone for

a period of time, the sufferer would usually recover ,

but he might never be completely free of some ofthe

symptoms. The caisson workers often noted that they

felt better working on the job, but possibly attributed

this to being rested at the beginning of a shift as op-

posed to being tired when the work day was over

(when they always seemed to feel the worse).

As caisson workwas extended to ever larger projects

-and to greater operating pressures-the physio-

logical problems increased in number and became

more and more severe . Fatalities occurred with

alarming frequency.

The malady was called , logically enough , the cais-

son disease. However, workers on the Brooklyn

Bridge project in New York gave the sickness a more

descriptive name that has remained ever since: the

"bends. " The term may have grown out of the similar-
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ity between the contorted posture of the suffering

worker, and an awkward, forward-leaning stance af-

fected by fashionable ladies of the time and known as

"the Grecian bend."

Today, the bends is the best-known danger of diving,

popularized by generations of adventure fiction in

books, magazines and television . However, it is not

really surprising that it was unknown 150 years

ago, even though men had been diving for thousands

of years. Until the time of the caisson , few men had

spent much time working under any great pressure.

Those few individuals such as Pasley, who had ex-

perienced some aspect of the disease , were simply

not prepared to look for anything more involved than

indigestion, rheumatism or arthritis.

The actual cause of caisson disease was first clini-

cally described in 1878 by a French physiologist , Paul

Bert . In his studies on the effect of pressure on human

physiology, Bert determined that breathing air under

pressure forced quantities of nitrogen into solution in

the blood and tissues ofthe body.As long as the pres-

sure remained , the gas was held in solution ; but when

the pressure was quickly released, as when a worker

left the caisson , the nitrogen returned to a gascous

state too rapidly to pass out of the body in a natural

manner. Bubbles of the gas formed throughout the

bodycausing the wide range of symptoms associated

with the disease. If the flow of blood to a vital organ

was blocked by the bubbles, the result could be pa-

ralysis or death .

Bert recommended that caisson workers gradually

decompress and that divers return to the surface slow-

ly. His studies led to an immediate improvement for

the caisson workers as they also discovered that their

pain could be relieved merely by returning to the

pressure of the caisson as soon as the symptom ap-

peared . Within a few years, specifically-designed

"re-compression " chambers were being placed at

job sites to provide a more controlled situation for

handling the bends. The pressure in the chambers

could be increased or decreased as necessary for

the particular worker . One of the first successful uses

of a recompression chamber was in connection with

the construction of a tunnel under the Hudson River,

between New York and New Jersey, in 1893. Use of

the chamber markedly reduced the number of serious

Figure 1-12 Early twin-lock recompression chamber.

cases and, most importantly, reduced the number of

fatalities caused bythe bends.

Other Physiological Discoveries 1.1.4 Bert's

recommendation that divers use a gradual but steady

ascent was not a complete success , and some divers

continued to suffer from the bends. There was a gen-

eral feeling at that time that divers had reached the

practical limits of the art and that 120 feet was about

as deep as anyone could ever really work. This was

partly because of the repeated incidence ofthe bends

from deeper dives, and also because of a noted inef-

ficiency on the part of the diver beyond that depth.

Occasionally, divers would even lose consciousness

working at 120 feet.

An English physiologist, J. S. Haldane, conducted

experiments with Royal Navy divers from 1905 to

1907 and determined that part of the problem was

due to a relatively simple factor: the divers were not

adequately ventilating their helmets and consequently

high levels of carbon dioxide were present . The prob-

lem was solved by establishing a standard supply

flowrate ( 1.5 cubic feet of air per minute) , measured

at the pressure of the diver, and by providing pumps

of sufficient capacity to maintain the flow. Thus, the

helmetwas properly ventilated on a continuous basis.

1-7

HISTORY OF DIVING



Haldane also composed a set of diving tables which

established a stage method of decompression .

Though they have been re-studied and improved over

the years , these tables remain the basis of the ac-

cepted method for bringing a diver to the surface .

An immediate result of Haldane's studies was an ex-

tension of the practical operating depth for air divers

to slightly more than 200 feet . At the time, this limit

was not imposed by physiological factors , butonlyby

the capabilities of the hand-pumps then available to

provide the air supply.

It was not long before divers were moving into deeper

water, and another unexplained malady began to ap-

pear. The diver would seemingly become intoxicated ,

sometimes feeling euphoric , and frequently losing his

sense of judgment to the point where he would forget

the purpose of his dive. In the 1920's this " rapture of

the deep" was linked to the nitrogen in the air when

breathed under higher pressures . Technically known

as nitrogen narcosis , it was shown that nitrogen has

anaesthetic properties which become progressively

more severe with increasing air pressure . To avoid

the problem today, special breathing mixtures such

as helium/oxygen are used instead of air for deep

diving .

Armored Diving Suits 1.1.5
Numerous inven-

tors, many having little or no experience under-

water, worked to create an armored diving suit which

would free the diver from any and all problems of pres-

sure. In such a suit, he could breathe air at normal

atmospheric pressure and , hopefully, could descend

to great depths without anyill effects . The barrel div-

ing suit of John Lethbridge was essentially an ar-

mored suit, but with a limited operating depth.

The utility of most armored suits was questionable.

They were too clumsy for the diver to be able to ac-

complish much work, and too complicated to provide

the protection for extreme pressure that was the goal

of the inventors . The maximum design-depth of the

various suits developed in the 1930's was 700 feet,

and was never reached in actual diving . New pur-

suits in the area of armored suits , now called one-

atmosphere diving dresses , show potential for

specialized underwater tasks .

Figure 1-13 Variety of armored diving suit .

Development ofthe "Free" Diver 1.1.6 Deane,

Siebe and the others had given man the ability to re-

main underwater for extended periods with enough

flexibility of movement to accomplish a significant

amount of work during his stay. However, the diver

was still unalterably tied to the surface . Without the

vital umbilical of his air hose, he could not survive , let

alone function . While the hose gave him life , it also

severely limited his range of operation .

Inventors searched for methods to release the diver

from the surface hose, looking for a system that would

permit increased freedom of movement without in-

creased hazards . The solution was obvious: to provide

the diverwith his own, portable air supply. Today the

"self contained underwater breathing apparatus'

(SCUBA) is not only a reality but has replaced the

deep-sea diving outfit as the most familiar and most

frequently used type of diving gear. For many years.

however, the SCUBA had remained as only a theoret-

ical possibility. Neither a pump (compressor) of

sufficient capacity nor tanks of adequate strength to

handle the high pressures needed to provide a prac-

tical air supply existed .

1-8 US NAVY DIVING MANUAL
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Development of SCUBA took place gradually, and

over the years three basic types evolved : open-cir-

cuit, closed-circuit and semi closed-circuit .

With the open-circuit apparatus air is taken from a

supply tank, used by the diver, and the exhaust is

vented directly to the surrounding water. The basic

closed system uses a tank of 100% oxygen for

breathing , and the gas being used by the diver is re-

circulated in the apparatus. It passes through a

chemical filter which removes carbon dioxide

waste, and additional oxygen is added from the

tank to replace that which is consumed in breath-

ing . For clandestine military operations the closed-

circuit system (oxygen rebreather) has a major

advantage over the open-circuit type insofar as it

does not produce a telltale trail of bubbles on the

surface.

The most recent innovation in closed-circuit sys-

tems employs a mixed gas for breathing and

electronically-senses and controls oxygen concen-

tration. This type of apparatus retains the bubble-

free characteristics of 100% oxygen recirculators

while significantly improving depth capability.

The third basic type, semi closed apparatus,

combines features of the other two systems . Using

a mixture of gases for breathing , the apparatus re-

cycles the gas through a carbon dioxide removal

canister and continually adds a small amount of

oxygen-rich mixed gas to the system from a sup-

ply tank. The supply gas flow is pre-set to satisfy the

body's oxygen demand and part of the recirculating

mixed gas stream , equal to the supply gas flow, is

continually exhausted to the water. Because the

quantity of make-up gas is constant regardless of

depth , the semi closed SCUBA provides signifi-

cantly greater endurance than open-circuit sys-

tems in deep diving .

Historically, the development of self-contained

breathing apparatus has involved many significant

inventions which, for the lack of supporting compon-

ents of equivalent capability, could not be fully ex-

ploited . Two main paths ofdevelopment were followed

-one pursued open-circuit SCUBA, and the other

emphasized its closed-circuit counterpart .

Figure 1-14

The first and highly necessary component ofan open-

circuit apparatus was designed as early as 1866.

This was the demand-regulator patented by Benoist

Rouquayrol , which adjusted the flow of air from the

tank to meet the breathing and pressure require-

ments of the diver. However, since tanks of sufficient

strength to contain air at high pressure could not be

built at the time, Rouquayrol adapted his regulatorto

surface-supplied diving equipment, and the tech-

nology turned toward closed-circuit designs. The

application of Rouquayrol'
s

concept of a demand

regulator to a successful open-circuit SCUBA was to

wait more than 60 years.

Rouquayrol's 1866 demand regulator

In 1878, the first commercially practical self-contained

breathing apparatus was developed by H. A. Fleuss.

This was of the closed-circuit type , and used 100%

oxygen for breathing . Because the system used only

oxygen, the quantity of gas in the tank did not have

to be as great as it would with compressed air (which

is only about 21% oxygen) . Thus, the need for high-

strength tanks was eliminated .

1-9
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Figure 1-15 Midget submarine used during WWII.

Unfortunately, at the time of his invention , Fleuss was

not aware ofthe serious problem of oxygen poisoning

caused by breathing 100% oxygen under pressure . It

was not until many years later that researchers deter-

mined that the maximum safe depth for use of 100%

oxygen was about 25 feet.

Two years after its invention , the Fleuss SCUBA fig-

ured prominently in a highly publicized achievement

by an English diver, Alexander Lambert. A tunnel

under the Severn River had flooded in 1880, and

Lambert, wearing a Fleuss apparatus, walked 1000

feet along the tunnel , in complete darkness, to

reach and close several crucial valves.

As development of the closed-circuit design con-

tinued, the Fleuss equipment was improved by the

addition of a demand-regulator and tanks capable of

holding oxygen at more than 2000 psi ; and , byWorld

War I ,the Fleuss SCUBA (with modifications) was the

basis for submarine escape equipment used in the

Royal Navy.

In 1933, the thread of open-circuit development was

again picked-up when a French naval officer, Com-

mander LePrieur, constructed an open-circuit SCUBA

using a tank ofcompressed air. However, LePrieur did

not include a demand-regulator in his design ; and ,

the diver's main effort was diverted to the constant

manual control of his air-supply by manipulating a

valve. This fact, coupled with extremely short endur-

ance, severely limited the practical use of LePrieur's

apparatus. The main emphasis continued to focus on

closed-circuit development.

Although the closed-circuit equipment was restricted

to shallow-water use , and carried with it the potential

danger of oxygen-poisoning , its design soon reached

a suitable high level of efficiency . By World War II it

was in wide use by foreign navies on both sides of the

conflict. British divers, working out of midget sub-

marines, aided in the placement of explosive charges

under the keel of the German battleship TIRPITZ.

Italian divers , using closed-circuit gear, rode "char-

iot" torpedoes fitted with seats and manual controls

in repeated attacks against British shipping ; and , in

the final stages of the war, the Japanese employed an

underwater equivalent of their kamikaze aerial at-

tack-the kaiten diver-guided torpedo .

At the same time that actual combat operations were

being carried out with closed-circuit apparatus ,

two Frenchmen-one a naval officer, the other an

engineer-achieved a significant breakthrough in

open-circuit SCUBA design .

Working in a small Mediterranean village under the

difficult and restrictive conditions of German-

occupied France , Captain Jacques-Yves Cousteau

and Emile Gagnan combined an improved demand-

regulator and high-pressure air tanks to create the

first truly efficient and safe open-circuit SCUBA.

Cousteau and his companions brought the "Aqua-

Lung" to a high state of development as they explored

and photographed wrecks, developing new diving

techniques and testing their equipment. Their work

was the culmination of literally hundreds ofyears of

progress , and blended the work of Rouquayrol ,

Fleuss, and LePrieur. Cousteau used his gear suc-

cessfully to a depth of 180 feet without significant

difficulty; and , with the end ofthe war, the Aqua-Lung

quickly became a commercial success . Today, this

apparatus represents the most widely used and

familiar of diving equipments , opening the under-

water world to anyone with suitable training and

the necessary physical abilities.

1-10 US NAVY DIVING MANUAL



RECENT DEVELOPMENTS 1.2

The underwater freedom brought about by the devel-

opment of SCUBA has led to a rapid growth of inter-

est in diving . Sport diving is the popular aspect ofthis

interest, but the worlds of science and commerce

have also greatly benefited . Biologists , geologists , zo-

ologists and archeologists have all gone underwater,

seeking new clues to the origins and behavior of the

earth , of man, and of civilization as a whole. An entire

industry centered on commercial diving has flour-

ished , with the major portion of activity centered in

the area of offshore petroleum production which

today yields 14% of the world's oil requirements .

During the post-war era , the art and science of diving

progressed rapidly, with an emphasis placed on im-

proving existing diving techniques , creating new

methods, and developing the necessary equipment

systemsto serve these methods.

A complete generation of new and sophisticated

equipment took form , with substantial improvements

being made in both open and closed-circuit appa-

ratus . However, the most significant aspect of this

technological expansion has been the closely-linked

development of the saturation diving technique and

the deep diving system .

Saturation Diving 1.2.1 As men dived deeper

and attempted more ambitious underwater tasks , the

need for a safe method of extending actual working

time at depth became evident.

In virtually any deep-diving operation , decompression

is the most time-consuming factor. For example, if a

diver were to work for one hour at a depth of 200 feet,

hewouldthen be required to spend an additional three

hours and twenty minutes in the water undergoingthe

necessary, but nonproductive , decompression . The

time required to permit dissolved gases to come out

of solution , and thus leave the diver's body, increases

markedlywith the depth and duration of the dive.

However, there is a point beyond which the diverdoes

not need additional decompression -the point at

which he becomes " saturated" with the gases which

make decompression necessary. Once his blood and

tissues have absorbed all of the gas they can hold at

that depth , the time required for decompression be-

U.S.NAVY
SEALABI JNR-SP

Figure 1-16 SEALAB II Habitat.

USNAVY

comes constant . As long as the depth is not increased,

additional time on the bottom is free of any additional

decompression .

If a diver, or team of divers, had the means to remain.

under pressure for the entire period of his required

task, whether it be days or weeks, he would only have

to face a lengthy decompression once- at the very

end . For a 40-hour task at 200 feet, a diver, if saturated ,

would spend 5 days at bottom pressure and two days

in decompression , as opposed to a total of 40 working

days of single dives and lengthy decompression per-

iods using conventional methods.

The theory of saturation diving was proved through

the efforts of three men: Jacques-Yves Cousteau ,

Edwin A. Link, an American inventor known for his

"Link Trainer" which simulates cockpit experience in

the training of aviators , and Captain George F. Bond

of the U. S. Navy. Each ofthese men conducted exper-

iments in saturation diving.

In September of 1962, Link sent a Swiss diver to a

depth of 200 feet for 24 hours in a specially designed

diving system . Four days later, Cousteau placed two

men in a gas-filled , pressure -balanced underwater

habitat at 33 feet where they stayed for 169 hours,

moving freely in and out of their deep-house . The

following summer, six of Cousteau's men spent a

month underwater at 36 feet, with two men spending

a week in a deeper chamber at 90 feet. These divers

made excursions to a depth of330 feet .

HISTORY OF DIVING 1-11



In 1964 , Link expanded his work by putting two men at

432 feet in a habitat for two days and nights . Almost

simultaneously, Captain Bond headed the U. S. Navy's

first experiment in the SEALAB series. Working off

Bermuda, Bond placed four divers at 192 feet for 9

days, eventually raising their habitat to 81 feet where

they transferred to a decompression chamber which

was then, in turn , hoisted aboard the support vessel.

SEALAB II , which took place a year later, put three

teams of 10 men each in a habitat at 205 feet, with

each team spending 15 days at depth and one man

remaining for 30 days.

All of these experiments in saturation technique re-

quired substantial surface support as well as exten-

sive underwater equipment. However, a new type of

system was soon to be developed that essentially

eliminated any requirement for a diver to remain in

the sea except for the actual time spent on a given

task.

Deep Diving Systems 1.2.2 Developed almost

whollywithin the last ten years , Deep Diving Systems

(DDS) represent a substantial improvement over any

previous methods of accomplishing deep undersea

work. The DDS is readily adaptable to saturation

techniques, and provides a safe mechanism for main-

taining the saturated diver under pressure in a dry

environment. Whether employed for saturation or non-

saturation diving , the Deep Diving System totally

eliminates the need for long periods of decompression

in thewaterwhere the diver is subjected to the dangers

of extended environmental stresses . Additional bene-

fits derived from use of the DDS include the elimina-

tion of the need for underwater habitats and an in-

crease in operational flexibility for the surface support

ship.

The system consists basically of a deck decompres-

sion chamber (DDC) mounted on a surface support

ship , and a personnel transfer capsule (PTC) . In an

actual operation , two or more divers enter the tethered

capsule and descend to the required depth . The

interior of the capsule is pressurized to equal the

pressure at depth , a hatch is opened , and one ormore

men swim out to accomplish their work. With a safety

tether to the capsule the diver can use self-contained

breathing apparatus or employ a mask and an um-

bilical line which provides breathing gas and com-

munications . Once his task is finished , the diver

returns to the capsule, closes the hatch and returns

to the support ship with the interior of the capsule

still at the bottom pressure . The capsule is hoisted.

aboard, mated to the pressurized deck decompres-

sion chamber, and the divers enter the larger, more

comfortable DDC via an entry lock . There , the men

remain at pressure until they must return to the under-

sea job site or they can begin decompression com-

fortably and safely on the support ship .

DDC

PTC

PTC mated to DDC PTC ready for deployment

Figure 1-17

PTC at depth

Operating sequence of a deep diving system .

DIVING IN THE U. S. NAVY 1.3

The U. S. Navy has been at the forefront of develop-

ments in modern diving and underwater operations.

The general requirements of national defense and the

specific requirements of underwater reconnaissance ,

demolition , ordnance disposal , underwater construc-

tion , ship maintenance , search , rescue , and salvage

operations have repeatedly given impetus to train-

ing and development . Navy divers are at work every

day around the world , covering the spectrum of diving

activity: from repairing ships to placing the footings

for bridges , from preparing the way for invasion fleets

in time of war to clearing harbors in time of peace .
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Early History of Navy Diving 1.3.1 The early

history of diving in the U. S. Navy parallels that of the

other navies of the world . Since the middle of the 19th

century, the Navy has employed divers in salvage

and repair of ships , in construction work , and in offen-

sive military operations.

For the most part , theywere swimmers and skin divers ,

with techniques and missions unchanged since the

days of Alexander the Great . At the Battle of Mobile

Bay, for instance , swimmers were sent in ahead of

Admiral Farragut's ships , to locate and disarm Con-

federate "torpedos" (mines) that had been planted to

block the entrance to the Bay.

In 1898, Navy divers were briefly involved in an inter-

national crisis when the USS MAINE was sunk by a

= mysterious explosion while anchored in the harbor

at Havana, Cuba . Navy divers were sent from KeyWest

to study the wreck and make a report. A Court ofIn-

quiry was convened to investigate the cause of the

explosion, but the divers, who were not trained in

naval architecture and did not understand ship con-

struction , were unable to say whether the MAINE had

been sunk by a Spanish mine or by an internal , ac-

cidental , explosion.

The beginning of the 20th Century saw the attention

of all major navies turning towards the development

of a weapon of immense potential-the military sub-

marine. The highly effective use of the new weapon

by the German Navy in World War I heightened this

interest, and an emphasis was placed on the sub-

marine that has never slackened .

The U. S. Navy had operated submarines for several

years prior to 1900, but on a limited basis . As the

American technology expanded , the U. S. submarine

fleet grew rapidly . However, throughout the period

1912-1939, the development of the Navy's " F," "H ,"

and "S" class boats was marred by a series of ac-

cidents, collisions, and sinkings . Several of these

submarine disasters resulted in a correspondingly

rapid growth in Navy diving capability.

Until 1912, U. S. Navy divers rarely went below about

60 feet; however, in that year, Chief Gunner George

D. Stillson set up a program to test Haldane's diving

tables and methods of stage decompression . A com-

panion goal ofthe program was to develop improve-

ments in Navy diving equipment . Throughout a three-

year period , first diving in tanks ashore and then in

open-water in Long Island Sound from the USS

WALKIE, the Navy divers went progressively deeper

until they eventually reached 274 feet.

The experience gained in Stillson's program was put

to dramatic use six months later when the submarine

USS F-4 sank near Honolulu, Hawaii . Twenty-one men

lost their lives in the accident and the Navy lost its

first boat in 15 years of submarine operations . Navy

divers salvaged the F-4 , and recovered the bodies

of the crew. The salvage effort incorporated many new

techniques, such as the use of lifting pontoons , but

what was most remarkable was that the divers com-

pleted a major salvage effort working at the extreme

depth of 304 feet using air as a breathing mixture. To

this day, these dives remain the record for the use of

standard deep-sea diving dress . Because ofthe depth,

and the necessary decompression , each diver could

remain on the bottom for only 10 minutes . Even for

such a limited time , the men found it hard to concen-

trate on the job at hand . Unknowingly they were se-

verely affected by nitrogen narcosis.

The publication of the first U. S. Navy Diving Manual

and the establishment of a Navy Diving School at

Newport, Rhode Island were the direct outgrowth of

experience gained in the test program and the F-4

salvage . When the United States entered WorldWar I,

the staff as well as the graduates of the school were

sent to Europe, where they conducted various salvage

operations along the French coast.

The physiological problems encountered in the sal-

vage of the F-4 clearly demonstrated the limitations

of breathing air during deep dives . Continued con-

cern that submarine rescue and salvage would be

required at great depth focused Navy attention on

the need for a new diver breathing medium . In 1924

the Navy joined with the Bureau of Mines in the ex-

perimental use of helium -oxygen mixtures . The pre-

liminary work was conducted at the Bureau of Mines

Experimental Station in Pittsburgh , Pennsylvania . Ex-

periments on animals , later verified by studies with

human subjects , clearly showed that helium -oxygen

mixtures offered great advantages over air for deep

dives. There were no undesirable mental effects, and

decompression time was improved . This early work
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Figure 1-18 Control room of the Ocean Simulation Facility.

This hyperbaric complex, located at the Experimental Diving Unit

in Panama City, Florida, is capable of simulating most conditions

actually experienced in open water dives.

laid the foundation for development of reliable

decompression tables and specialized apparatus

which are the cornerstones of modern deep diving

technology .

One year later, in September of 1925 , another sub-

marine-the S-51 -was rammed bya passenger liner

and sunk in 132 feet of water off Block Island , Massa-

chusetts. Public pressure to raise the submarine and

recover the bodies of the crewwas intense. Navy div-

ing was put in sharp focus- and the Navy discovered

that it had only 20 divers who were qualified to go

deeperthan 90 feet . Diver training programs had been

cut back at the end ofWorld War I , and the school had

not been re-instituted .

Salvage of the S-51 covered a 10-month span of dif-

ficult and hazardous diving , and a special diver train-

ing course was made part of the operation . The sub-

marine was finally raised and towed to the Brooklyn

Navy Yard in New York.

With interest in diving once again high , the Naval

School , Diving and Salvage was re-established atthe

Washington Navy Yard in 1927. And , at the same time ,

the Navy brought together its existing diving tech-

nology and experimental work by shifting the Experi-

mental Diving Unit (EDU) , which had been working

with the Bureau of Mines in Pennsylvania, to the Navy

Yard as well .

In following years , EDU developed the U. S. Navy Air

Decompression Tables which have become the ac

cepted world standard , as well as continuing devel

opmental work in helium-oxygen breathing mixtures

for deeper diving .

The loss of the F-4 and S-51 provided the impetus

for expanding the Navy's diving ability. However , the

Navy's inability to rescue men trapped in a disabled

submarine was not confronted until another major

submarine disaster occurred .

In 1927, the Navy lost the submarine USS S-4 in a

collision with the Coast Guard cutter PAULDING. The

first divers to reach the submarine in 102 feet ofwater

22 hours after the sinking , exchanged signals with the

men trapped inside . There was a hull-fitting designed

to take an air hose from the surface , but what had

looked feasible in theory proved too difficult in prac

tice. With stormy seas causing repeated delays, the

divers could not make the hose connection unti

several days had passed-and, by then , it was too

late . All of the men aboard the S-4 had died . Even

the hose connection had been made in time, rescuing

the crew would still have posed a significant problem

The S-4 was salvaged after a major effort, and the fate

of the crew spurred several efforts toward preventing

a similar disaster. Lt. C. B. Momsen, a submarine

officer, developed the escape " lung" which bears

his name.It was given its first operational test in 1929

when 26 officers and men successfully surfacec

from an intentionally bottomed submarine -the re

furbished S-4.

The Navy pushed for development of a rescue cham

ber which , when completed , was essentially a diving

bell with special fittings for connection to a submarine

deck hatch . The apparatus - the McCann-Erickson

rescue chamber-was proven in 1939 when a sub

marine sank in 243 feet ofwater. The SQUALUS carried

a crew of 50. The rescue chamber made four trips and

safely brought 33 men to the surface . The rest of the

crew, trapped in the flooded after-section of the suc

marine, had been killed in the sinking . Salvage divers

using helium-oxygen mixtures raised the boat and

1-14
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following renovation and re-named SAILFISH , the

submarine compiled a proud record in World War II.

World War II 1.3.2 Navy divers were plunged

into the war as dramatically as the rest of the Fleet,

withthe Japanese raid on Pearl Harbor. The raid began

at 0755, 7 December 1941 ; and , by 0915 that same

morning, the first salvage teams were cutting through

the hull of the overturned battleship OKLAHOMA to

rescue trapped sailors . Teams of divers were put to

work recovering ammunition from the magazines of

sunken ships, to be ready in the event of a second

attack.

The salvage effort that followed at Pearl Harborwas

immense and highly successful . There were 101

ships in the harbor at the time of the attack, and most

of them sustained damage . The hardest hit were the

battleships , being one of the primary targets ofthe

raid . Six battleships were sunk, and one was heavily

damaged . Four of these were salvaged and returned

to the fleet for combat duty; one , the OKLAHOMA, was

righted and re-floated but sank en route to a shipyard

in the United States . Only the ARIZONA and the

former battleship UTAH could not be salvaged.

Battleships were not the only subjects of the salvage

effort , and throughout 1942 and part of 1943 Navy

divers worked on destroyers, supply ships , and other

badly needed vessels , often using jury-rigged shallow

water apparatus inside water and gas-filled compart-

ments. In the course of the Pearl Harbor effort, Navy

divers spent 16,000 hours underwater during 4,000

dives. Contract civilian divers contributed another

4,000 diving hours.

While divers in the Pacific were hard at work at Pearl

Harbor, a major challenge was presented to the divers

on the East Coast. The interned French passenger

liner NORMANDIE (re-christened as USS LAFAYETTE)

caught fire alongside New York City's pier 88. Losing

stability from the tons of water poured on the fire , the

ship capsized at her berth.

To clear the vitally needed pier, the ship had to be

salvaged-and the Navy took advantage of another

unique opportunity for training by establishing a div-

ing and salvage school on the site.

Salvage operations were not, of course, the only mis-

sions assigned to Navy divers during the war. Many

HISTORY OF DIVING
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Figure 1-21 U. S. Navy salvage operation at Pearl Harbor.

dives were made, for example, to inspect sunken

enemy ships and especially to recover materials such

as code books, or other intelligence items . One Japa-

nese cruiser yielded not only $500,000 worth of yen,

but also provided valuable information concerning

plans for the defense of Japan against the anticipated

Allied invasion .

Combat Swimmers 1.3.3 The combat diving

mission was the same in World War II as it had been

in previous wars-to remove obstacles from enemy

waters and gather intelligence . The Navy's underwater

demolition teams (UDT) were created when bomb

disposal experts and SeaBees teamed together in

1943 to devise methods for removing obstacles that

the Germanswere known to be placing off the beaches

of France.

The first UDT combat mission , however, was in the

Pacific-a daylight reconnaissance and demolition

project off the beaches of Saipan in June, 1944. In

March ofthe next year, in preparation for the invasion

ofOkinawa , one underwaterdemolition team achieved

the exceptional record of removing 1200 underwater

obstacles (mostly foot-thick pilings driven into the

bottom) in two days, under heavy fire , without a single

casualty.

Diving apparatus was not extensively used by the

UDT during the war. No suitable equipmentwas read-

ily available . UDT experimented with a modified Mom-

sen lung , and with other types of breathing apparatus ;

but it wasn't until 1947 that the Navy's acquisition of

Aqua Lung equipment gave impetus to the "diving"

aspect of UDT operations . The trail of bubbles from

Figure 1-22

"frogmen. "

Recovery and deployment of Navy UDT

the open-circuit apparatus limited the type of mission

in which it could be employed , but a special SCUBA

platoon of UDT memberswas formed to testthe equip-

ment and determine appropriate uses for it.

Through the years since , the mission and importance

of the UDT has grown . In the Korean War, during the

period of strategic withdrawal , the UDT destroyed an

entire port complex to keep it from being used bythe

enemy.

Today, Navy combat swimmers are organized into

three separate groups , each with specialized training

and missions . The Underwater Demolition Teams

make up one of these groups, retaining their original

basic mission . Another group is the Explosive Ord-

nance Disposal team (EOD) with the mission of

handling , defusing , and disposing of munitions and

other explosives .

The SEALteams make up the third group of Navy com-

bat swimmers. SEAL (an acronym for "Sea, Air, Land'

team members are trained to operate in all of these

environments . They qualify as parachutists, learn to

handle a range of weapons , receive intensive training

in hand-to-hand combat and are trained in SCUBA as

well as other swimming and diving techniques. In

Viet Nam , SEAL's have been involved in counter-

insurgency and guerrilla warfare . The SEAL's also

participate in the space program by securing flota-

tion collars to returned space capsules and assist-

ing astronauts during the helicopter pick-up .

Fleet Diving Since World War II 1.3.4

diving has not been limited to tactical combat opera-

Navy
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Figure 1-23

ofApollo 11 .

SEAL divers assist in the recovery of the crew

tions , wartime salvage , and submarine sinkings . Fleet

diving has become increasingly important and diver-

sified since World War II . A major part of the diving

mission is the inspection and repair of naval vessels

to minimize downtime and the need for drydocking.

Other aspects of fleet diving include the recovery of

practice and research torpedoes , installation and re-

pair of underwater electronic arrays , underwater con-

struction , and location and recovery of the remains.

of aircraft. Ship sinkings and beachings caused by

storm damage and human error continue to demand

the fleet's salvage and harbor clearance capabilities

in peacetime as well as in war.

Loss Of The Thresher 1.3.5 Just as the loss of

the F-4, S-51 , S-4, and the sinking of the SQUALUS

caused a deepened concern regarding Navy diving

in the 1920's and 1930's , a submarine disaster of

major proportions had a profound effect on the devel-

opment of new diving equipment and techniques in

the post war period . This was the loss of the nuclear

attack submarine USS THRESHER with all of her crew

in April, 1963. The submarine sank in 8400 feet of

water-a depth beyond the survival limit of the hull

and far beyond the capability of any existing rescue

apparatus .

An extensive search was mounted to locate the sub-

marine; and, if possible , determine the cause of the

sinking. First signs of THRESHER were located and

photographed a month after the disaster. Collection

of debris and photographic coverage of the wreck

continued for about a year.

Two special study groups were formed as a result of

the sinking . The first was a Court of Inquiry, which

attributed probable cause to a piping-system failure .

The second, the Deep Submergence Review Group

(DSRG) was formed to assess the Navy's undersea

capabilities . Four general areas of the subject were

examined: Search , Rescue, Recovery of small and

large objects, and the " Man- In-The-Sea" concept.

The basic recommendations of the DSRG called for

a vast effort to improve the Navy's capabilities in

these four areas.

Deep Submergence Systems Project 1.3.6 Di-

rect action on the recommendations of the DSRG

came with the formation of the Deep Submergence

Systems Project (DSSP) in 1964 , and an expanded

interest regarding diving and undersea activity

throughout the naval service.

Submarine rescue capabilities have been substan-

tially improved with the development of the Deep

Submergence Rescue Vehicle (DSRV) which became

operational in 1972. This deep-diving craft is air-

transportable, highly instrumented, and capable of

rescue to a depth of 5000 feet.

Three additional significant areas of achievement

for theDeep Submergence Systems Project have been

that of Saturation Diving , the development of Deep

Diving Systems, and progress in advanced diving

equipment design.

Navy Saturation Diving 1.3.7 The U.S. Navy

has developed and proved saturation diving tech-

niques in its SEALAB series (previously described

in this chapter), as well as in on-going programs of

research and development at the Experimental Diving

Unit in Panama City, FL, and many institutional and

commercial hyperbaric facilities. In addition , satura-

tion diving using Deep Diving Systems is nowa proven

capability.
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The basic operation of a deep-diving system is dis-

cussed on page 1-12. These systems are ideally

suited to the requirements of fleet diving , since they

can be mounted on board ship and provide wide mar-

gins of safety, mobility, flexibility, and economy in

operations .

The Navy developed two types of Deep Diving Sys-

tems (DDS) . DDS-MK 1 supports two 2-man teams of

divers through a 14-day mission profile , and can be

transported by air or ship . The DDS-MK 1 system has

been used in trial dives to 1148 feet . The DDS-MK 2 ,

designed for saturation diving , supports two 4-man

teams for an extended mission time . DDS- MK 2 is

installed as part of the basic equipment of the new

ASR-21 class of submarine rescue ships .

Recent Developments 1.3.8 The third area of

major technological effort has been the development

of new equipment for Navy divers; the establishment

of special saturation diving tables; and the creation of

criteria for the selection and training of saturation

divers.

Figure 1-24
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Personnel Transfer Capsule of the Navy's Deep

Diving System MK 1 .

Among the recent types of diver equipment are four

models of advanced underwater breathing apparatus.

The Mark 11 is a semiclosed system designed for use

in connection with the Personnel Transfer Capsule

(PTC) of the Deep Diving System . The unit is tethered

to a PTC by an umbilical which provides it with

communications , breathing gas , and heat .

Also being developed for use with the PTC is the Mark

14 "push/pull " system . Circulation of the diver's

exhaled gases through a carbon dioxide scrubber in

the capsule allows rebreathing of the helium-oxygen

mixture and will permit diving operations at saturation

depths for almost unlimited periods.

The Underwater Breathing Apparatus (UBA) Mark 15

a mixed-gas, closed-circuit SCUBA system

intended primarily for use by Special Warfare divers in

covert operations involving swimmer delivery vehicles

(SDV). The UBA Mk 15 is a compact, hydrodyna-

mically styled unit featuring sophisticated electronic

sensors which provide the diver with a predetermined,

fixed partial pressure of oxygen (PPO₂ ).

The most significant recent development , however, is

the introduction of the Mark 12 Surface-Supported

Diving System (SSDS) as the new standard Navy

diving system . The Mk 12 SSDS will replace the

traditional Mark 5 deep-sea diving system , which has

been in Fleet use for decades . Its design features

include increased diver mobility and comfort, wide

field of view, and added safety . The Mk 12 also

provides Navy divingdiving forces with diversified

capabilities using the same helmet. The air mode is

discussed in Chapter Six of this volume.

SUMMARY

Throughout the evolution of diving , from the earliest

breath holding sponge diver to the modern saturation

diver, the basic reasons for diving have not really

changed. Specific missions are occasionally differ-

ent, and some new ones have been generated ; but the

needs of national defense, of commerce, and science

continue to provide the underlying basis for the devel-

opment of diving .

1
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to changeWhat has changed , and continues to

radically, is diving technology.

Each man who prepares for a dive has the opportunity

and obligation to take with him the knowledge of his

predecessors which was often gained through difficult

and dangerous experience . The modern diver must

have a broad understanding of the physical properties

of the undersea environment . He must have a detailed

knowledge of his own body, and how it will act under

the conditions of that envrionment . And , the diver

must learn how to adapt to these conditions so that he

can successfully carry out his mission , whatever it

may be.

and

Much of the diver's practical education will come

from experience . However , before he can gain this

experience, he must build a basic foundation from

certain principles of physics , chemistry,

physiology; and , he must understand the application

of these principles to the profession of diving.

The information required to build this foundation , as

well as specific details concerning U.S. Navy

operational methods and equipment are the subject of

the following chapters of this manual .

Figures 1-25 through 1-32 , following , depict

developments in diving , both real and imagined , from

the Fourth Century B.C. forward to those underwater

communities envisioned for the future.

Figure 1-25
Ancient divers (B.C. ) used containers of

trapped air to extend diving time.

Figure 1-26 Alexander the Great descends in an early diving bell.

Change2
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Figure 1-27 Physicist Giovanni Borelli (about 1680) at-

tempts to recycle breathing air.

Figure 1-30 World War II advances underwater con-

struction techniques .

Figure 1-28 Body tanks are used in shallow waters with Figure 1-31 Today, divers still gather sustenance from

moderate success (1700s ) . the ocean this ancient way.

Figure 1-29 Augustus Siebe's diving suit appears and

becomes a classic design (1837) .

Figure 1-32

with food and minerals .

Future communities may provide mankind
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CHAPTER TWO

UNDERWATER PHYSICS

Man readily functions within the narrow atmospheric

"envelope" present at the earth's surface and is sel-

dom concerned with his requirements for survival.

Once outside the boundaries of the " envelope , " how-

ever, the environment is hostile, and his existence is

dependent upon his ability to counteract the forces

which threaten him . If he is to function safely, a diver

must understand the characteristics of the subsea

environment and the techniques required to modify

its effects .

To accomplish this, he must gain a basic knowledge

of physics-the science of matter and energy and

their interactions.

THE PHYSICAL WORLD 2.1

Matter-the substance of which the universe is com-

posed -and energy-the forces which work upon

and within that substance-have properties and inter-

relationships which form the foundation of the study

of underwater physics . Of particular importance to the

diver is a specific knowledge of the behavior of

gases, the principles of buoyancy and the properties

of heat, light, and sound underwater (Figure 2-1 ).

Matter 2.1.1 Scientists have identified 109 sep-

arate varieties of matter, or elements, that make up

the "physical " world . An element is the simplest form

of matter which exhibits distinct physical and chem-

ical properties , and cannot be broken up into other,

more basic forms by chemical means . About a dozen

of these are so rare that they may not even occur in

nature-the only samples have all been produced in

laboratories. Nonetheless, they stand as elements ,

each having properties unlike those of any other

element.

Elements are made up of atoms, which are so infini-

tesimally small that it would take more than a million

of them, laid side by side , to match the thickness of

this page. Atoms can be broken down into smaller

particles-electrons , neutrons and protons - but the

atom is the smallest particle of matter which carries

the specific properties of an element. The various

elements combine to form all of the rest of the 4 mil-

lion-odd substances known to man.

As the atoms group together, they form molecules ,

which usually exhibit different properties than any of

the contributing atoms . For example , when two hydro-

gen atoms (symbol : H) combine with one oxygen

atom (symbol : O) to form water (H2O) , a radicallynew

substance is formed . Graphically:

O

O atom

Figure 2-1 The physical forces affecting a diver

H atom

оо

O2 molecule

(2 oxygen atoms)

Figure 2-2

H2O molecule

(2 hydrogen atoms + 1 oxygen atom)

Above, two similar oxygen atoms combine to

form an oxygen molecule while the atoms of two different

elements , hydrogen and oxygen , combine to form

a water molecule .
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Some atoms are active and try to combine with almost

everything they come near . Other atoms are inert , and

do not naturally combine with other substances. The

presence of inert elements in breathing mixtures is of

particular importance in diving .

THE THREE STATES OF MATTER 2.1.1.1 Any

element or any substance produced by the joining of

atoms can exist in one of three natural forms-as a

solid, liquid or gas.

A solid has definite shape , weight and volume . Liq-

uids have definite volume and weight, but they take

the shape of a container, whether it be a soup bowl or

the bed of an ocean . Gases have definite weight and

Occupy space, but lack definite volume or shape

(Figure 2-3) . A gas will expand indefinitely to fill a

container, a room - or , if completely unconfined , will

spread continuously through the atmosphere . Gases

and liquids are collectively referred to as fluids.

Lowering the temperature will reverse the sequence.

As the molecules of gas cool , their motion is reduced.

The gas condenses and becomes a liquid . Further

down the temperature scale , the liquid will reach the

freezing point and once again pass into the solid

state . The cycle is complete .

Solid,

Liquid,

D

Gas

Figure 2-4

+

The molecular arrangement in the 3 states of

matter, Solid , Liquid , Gas

Figure 2-3 Solid , Liquid , Gas

Whether a particular substance exists as a solid ,

liquid or gas depends principally upon temperature

and partially upon pressure (Figure 2-4) . In the solid

state-coolest of the three-the molecules are rigidly

aligned in essentially fixed patterns . They do move,

but their action is rather like a constant vibration . As

temperature increases, the molecules increase their

motion , slip apart from each other and mill around .

The solid has melted to become a liquid . Further in-

creases in temperature causes more molecular mo-

tion . As heat is added , a few of the molecules will

spontaneously leave the surface of the liquid and

become a gas; and by the time the boiling point of

the substance is reached , the molecules are escaping

in all directions at an average speed of 1,000 miles

per hour. When this happens, the liquid is quickly

transformed into a gas.

Energy 2.1.2 The concepts of work and energy

are closely interrelated and constitute the second

major factor in the physical world. Work is defined as

the application of a force through a distance. It is a

force measured in pounds or kilograms which lifts,

pulls , or pushes an object through a specific distance

such as feet or meters . Work may be applied in nu-

merous ways from propelling an automobile to the

creation of atomic particles. The rate at which work is

performed is referred to as power.

Energy is the capacity to do work. The Law of the

Conservation of Energy, formulated in the 1840's,

states that energy in the universe can neither be

created nor destroyed . Energy can be changed, how-

ever, from one form to another as seen in Figure 2-5.

Six basic forms of energy exist- mechanical , heat,

light, chemical , electrical and nuclear. From these

forms come the numerous energy phenomenon noted

in everyday life , e.g. , motive force , weather, tides ,

sound, cold and warmth.

2-2
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Chemical

Mechanical

Heat

Electrical

Nuclear

Figure 2-5 The six forms of energy and their interchangability

Radiant
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THE SIX FORMS OF ENERGY 2.1.2.1

Mechanical-is the energy possessed by an object

as a result of its position or condition . When a body

is so held that, if released it can perform work, it is

said to possess potential energy. When a body is

moving, it possesses energy of motion or kinetic

energy. An example is an automobile which is rolling

down a steep hill . While in motion it has kinetic en-

ergy. If it were parked on the hill with its brakes set, its

mechanical energy would be stored and referred to

as potential energy.

Heat-is energy possessed by a substance as a re-

sult of the motion of its molecules . Heat added to a

substance results in increased molecular speed and

an associated rise in its temperature . A common

example of heat energy is the boiling of water over

an open flame.

Light-or more properly radiant energy- is energy

in the form of waves of electromagnetic radiation .

Light energy from the sun provides the sustenance of

green plants upon which all animal life , including

man, depends for food.

Chemical- is energy stored within matter as a result

of its molecular formation . Common examples include

coal , oil , and gas whose energy is released in the

form of heat during combustion .

Electrical - is energy associated with the presence

of electrons (negative particles) or protons ( positive

particles) . Both permanent magnets and storage

batteries are typical examples of stored (potential)

electrical energy.

Nuclear- or atomic energy is the force which holds

the fundamental particles of the nucleus of atoms to-

gether. A nuclear powerplant functions by the break-

down of heavy nuclei into lighter nuclei (fission) with

an associated release of vast quantities of heat en-

ergy in a controlled manner to generate steam .

The complete subject of energy, its measurement ,

transformations , and uses is a vast and complex as-

pect of physics beyond the scope of this manual.

Consequently, only those aspects of energy which

have special importance in diving because of un-

usual effects underwater will be discussed in sub-

sequent sections of this chapter. Among these are

he principles of light, heat and sound.

UNITS OF MEASUREMENT 2.2

The science of physics relies heavily upon standards

of comparison of one state of matter or energy to

another. Understanding and applying the principles

of physics requires that the diver be able to employ a

variety of units of measurement.

Metric & English System Comparison 2.2.1 Two

systems of measurement of force , length , and time are

in wide use throughout the world - English and met-

ric. The English system based upon the pound , foot,

and second is commonly used in the United States

but is being replaced throughout the rest of the world

with the metric system. The metric system , originally

developed in continental Europe , employs the kilo-

gram , meter, and second as fundamental units of

measure .

Metric System The metric system is so widely

used, particularly in scientific work, that a diver

sooner or later will come in contact with it . The metric

system has an advantage in that all its units are so

related that it is not necessary to use calculations

when changing from one metric unit to another. This

system is based on decimals, as is the American

system of money. An American can express a sum of

money either in dollars or in cents simply by moving

the decimal point . In the same way , the metric system

changes one of its units of measurement to anotherby

moving the decimal point, rather than by the lengthy

calculations necessary in the English system . Con-

version from one system to another may be readily

accomplished using the conversion factors in Ap-

pendix A.

Length -The principal metric unit of length is the meter

(39.37 inches) . For measuring smaller lengths , millimeters

(mm ) or centimeters (cm) are used :

1 meter =
100 centimeters (cm )

= 1,000 millimeters (mm)

1 millimeter= 0.10 (one-tenth) centimeter

= 0.001 (one-thousandth) meter

For longer distances , the metric system uses the kilometer

(about six-tenths of a mile).

1 kilometer = 1,000 meters

1 meter = 0.001 kilometer

Area-The metric system uses its units of length squared

to measure area , as does the U. S. system . As in converting
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from one metric unit of length to another, converting units

of area is merely a matter of moving the decimal point . In

this case , it is moved twice as many places as in measures

of length . For example , 1.0 meter = 100.0 cm ; 1.0 square

meter = 10,000 square centimeters . (Compare this opera-

tion with that of multiplying by 144 to convert from square

feet to square inches .)

Volume or Capacity- Volumes are expressed as units of

length cubed . Conversion of volumes from one metric unit

to another requires only moving the decimal point three

times as many places as in converting units of length . For

example, 1,662 cubic millimeters equals 1.662 cubic cen-

timeters . (To convert cubic inches to cubic feet , you would

have to divide by 1,728 ( 12x12x12) . ) In addition to cubic

feet the U. S. system also uses other units of volume or ca-

pacity. No simple relationship exists between these units

of volume and the cubic measurements , and consequently

calculations involve the uses of numerous conversion

factors . The metric system uses the liter (about the same

as a quart) for similar purposes , but a liter equals 1,000

cubic centimeters (cc ) or 0.001 cubic meter (m³) , and con-

version is greatly simplified .

1 liter = 1,000 cubic centimeters

= 0.001 cubic meter

Weight-The kilogram (kg ) is the standard metric unit of

mass or weight . One kilogram is approximately the mass

of one liter of water or about 2.2 pounds at 4°C. For smaller

masses the gram (g ) and milligram (mg ) are used .

1 kilogram = 1,000 grams

1 gram

= 1,000,000 milligrams

= 0.001 kilogram

= 1,000 milligrams

=
1 milligram 0.001 gram

Pressure-The standard metric unit of pressure is the

Newton per square meter (N/m²) . However , the most com-

monly used metric unit of pressure is kilograms per square

centimeter (Kg/cm2) . Another commonly encountered met-

ric pressure unit is millimeters of mercury (mmHg) . This

unit of measurement is based upon the pressure exerted by

a column of mercury one millimeter high .

1 Kg/cm² = 1,000 g/cm²

1 Bar

= 1,000 cm H2O

= 10 meters H2O

=
= (approx . ) 1 atm

= 1.02 Kg/cm²

= 0.99 atm

=
= 750 mm Hg

= 10.21 meters H2O=

Temperature-Countries using the English system of

weights and measures generally employ the Fahrenheit

(°F) temperature scale. Countries that use the metric sys-

tem , and most scientific laboratories , use the Celsius (for-

merly centigrade) scale (°C) . This scale is based upon the

temperature of melting ice (32°F) as 0°C and the tempera-

ture of boiling water (212°F) as 100°C.

Conversion from one temperature scale to another may be

accomplished by the algebraic solution of the following

equations:

To convert from Fahrenheit to Celsius-

°C = 9× (°F - 32)

To convert from Celsius to Fahrenheit-

°F = ( 5 × °C) + 32

Convenient temperature conversion charts will be found in

Appendix A.

Absolute temperature values are used when making cer-

tain types of calculations , such as when employing the

ideal gas laws. The absolute temperature scales are based

upon absolute zero-the lowest temperature that could

possibly be reached - at which all molecular motion would

cease . On the Fahrenheit scale this temperature is -459.72°

F; in Celsius it is -273.13°C. These numbers are normally

rounded offto -460°F and -273°C . A comparison of the four

temperature scales will be noted in Figure 2-6.

To convert from Fahrenheit to absolute temperature (called

degrees Rankine- °R)-

°R = °F + 460

To convert from Celsius to absolute temperature (called

degrees Kelvin- °K)-

°K = °C + 273

212°F 100°C 373°K 672°R

=
1 mm Hg 1.35 g/cm²

32°F 0°C 273°K 492°R

=
13.5 Kg/m2

= 133.32 N/m²

= 1/760 atm

Fahrenheit, Celsius , Kelvin and Rankin

temperature scales showing the freezing and boiling points

Figure 2-6

of water
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Pressure in Diving 2.3

Pressure can be simply defined as a force (orweight)

acting upon a particular area of matter. It is typically

measured in pounds per square inch in the English

system (abbreviated as " psi ") , and kilograms per

square centimeter (Kg/cm²) in the metric system .

Underthe sea, pressure is a result of two factors . First,

the weight of the water surrounding the diver. And ,

second , the weight of the atmosphere over that water.

Throughout this discussion of the forces affecting the

diver, there is one concept that must be remembered

at all times-Any diver, at any depth , must be in

pressure balance with the forces at that depth . The

body can only function normally when the pressure

difference between the inside of the diver's body and

forces acting outside is very small .

Any consideration of pressure, whether it be of the

atmosphere , of sea water, or of the gases being fur-

nished for breathing must always be thought of

in terms of attaining and maintaining pressure

balance .

Figure 2-7 An average man weighs about 170 lbs and this

weight is distributed over an area of approximately 90 sq .

inches giving an average pressure of 1.89 psi . The platform

with an area of 1296 sq . in . distributes his weight with

an average pressure of 0.131 psi .

Figure 2-8 At sea level the balloon has a given volume

with respect to temperature and atmospheric pressure. As we

descend into the mine shaft the volume of the balloon

decreases due to increased atmospheric pressure . Conversely

as we ascend the mountain , the balloon expands as the

atmospheric pressure decreases.

2-6 US NAVY DIVING MANUAL



The Weight of the Atmosphere 2.3.1 The early

scientists who first discovered gases did so through a

series of experiments
which quite literally started with

"nothing" and ended up with " something . " The Greeks

of antiquity were satisfied that air had substance even

though it could not be seen , touched or stored on the

shelf like a block of wood or bottle of water. Air- as

wind or exhaled breath- could be felt, and air had

sufficient substance (even though unseen) to block

the passage of water if trapped in a tube . This can be

easily demonstrated
as in Figure 2-9.

In the 17th century, Galileo made a major step forward

in the investigation of gases when he found that air

actually had weight . He took a sealed container,

filled with nothing but trapped air, and balanced it on

a scale against a pile of sand . Then he pumped more

air into the container, sealed it again , and put it back

on the scale. The " air" now weighed more than the

sand and was exerting a greater force on the scale

platform .

Soon after this , an Italian mathematician named

Evangelista Toricelli heard of Galileo's experiment.

Toricelli surmised that, since "we live submerged at

the bottom of an ocean of air, " we must also be living

under some constant weight exerted by that air.

Toricelli , determined to measure the weight of the

atmosphere , started with a well -known but puzzling

fact -using a suction pump, it was impossible to

pump fresh water out of a well where the water had to

rise more than 34 feet ( 10.4 meters) . He theorized that

the rise of water was actually caused by the weight

of the air in the atmosphere , pushing the water into

the vacuum created by the removed air.

Toricelli substituted mercury (13.6 times heavier) for

water to reduce the size of his apparatus . He took a

four-foot glass tube, sealed at one end, and filled it

completely with mercury. With a finger over the open.

end , he turned the tube upside down and submerged

the covered end in a bowl also filled with mercury .

When he took away his finger, the mercury in the

tube dropped- but not all of the way down . The falling

stopped when about 30 inches of mercury (760)

mmHg) were still in the tube . Above the mercury, there

was now a vacuum created by the falling liquid .

Toricelli was thereby able to state that the weight of

the air, pressing on the mercury in the bowl , was suf-

ficient to offset the weight of a 30-inch (760 mmHg)

column of mercury.

Figure 2-9 Put a finger over one end of a soda straw

and push the other end down into a glass of water. No matter

how far down you push the straw , the water will not rise

in the straw to match the water level in the glass.

760 mmHg.
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Figure 2-10
Toricelli's Barometer
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Later the French philosopher/scientist, Blaise Pascal ,

repeated Toricelli's experiment in full scale using

glass tubes. He demonstrated that the weight of a

column of air reaching miles above the earth would

balance, and was therefore equal to the weight of a

column of fresh water 34 feet high (or a column of sea

water, which is heavier , 33 feet high) . This would hold

true if the air and water columns were one inch square

in cross section , or one foot square or even one mile

square-as long as the same area measurement was

applied to the columns.

This information can be used to compute a convenient

measure of atmospheric pressure , expressed as

pounds per square inch . Assuming a one-foot square

column , and knowing that the weight of a cubic foot of

sea water is 64 pounds , it follows that the weight of a

33 foot column is 2,112 pounds. This is the pressure

acting on one square foot at sea level . To reduce to

pounds per square inch , that figure is divided by 144

(square inches in a square foot) , giving a value of

14.7 psi . This is called atmospheric pressure, and

14.7 psi is the value of the unit of pressure measure-

ment known as one atmosphere.

Atmospheric pressure is considered to be constant at

sea level , and the minor fluctuations caused by the

weather are usually discounted . This pressure is also

universal , acting on all things in all directions so

that everything on the surface of the earth tends to be

in a pressure balance . The pressure inside your body,

for example, is the same as the pressure outside.

UNITS OF PRESSURE 2.3.1.1 Since atmospheric

pressure is universally applied , it does not register on

the pressure gage, for example, of a tank of com-

pressed air. The air in that tank, the tank , and the

gage itself are already under a base pressure of

1 atm (14.7 psi or 1 Kg/cm2) . The gage measures the

pressure difference between the atmosphere and the

air in the tank. This reading is called gage pressure ;

and for most purposes it is sufficient. However, in

some applications- and especially in diving — it is

often important to include the already-existing "one

atmosphere" in the computation . This total pressure is

called absolute pressure and is normally expressed

in units of "atmospheres." Since the distinction is

important, pressure must be identified as either gage

or absolute . When the type of pressure is not identi-

fied (psi) , it refers to gage pressure . Conversion fac-

tors for the various units of pressure measurement will

be found in Appendix A.

To summarize , four terms are used to describe gas

pressures:

atmospheric -usually expressed as 1Kg/cm²,

14.7 psia or one atmosphere absolute ( 1 ata) .

barometric-essentially the same as atmos-

pheric but varying with the weather and ex-

pressed in terms of the height of a column of

mercury [standard pressure 29.92 inches of

mercury or 760 millimeters (mmHg ) ] .

gage-which indicates the difference between

atmospheric pressure and the pressure being

measured.

absolute-which is the total pressure being

exerted that is , gage plus one atomsphere.

147 psig.

Pressure Tank

10 atm.

M
a
n
o
m
e
t
e
r

7600

mmHg

Figure 2-11 Pressure is commonly expressed in

atmospheres , pounds per square inch gage and millimeters

of mercury.

Liquid Pressure 2.3.2 Certain physical proper-

ties of water bring an extra dimension to the study

of pressure as it affects a diver. With a gas, pressure

is increased by pumping more molecules into a con-

tainer, by reducing the volume , or by heating the gas.

These actions will not have the same effect upon a

liquid . Water- like all liquids - is virtually incom-

pressible and can not be squeezed into a smaller

container. Any outside pressure applied to water

will simply spread throughout the liquid-equally and

in all directions .

In water, pressure is a direct result of the weight of

the water itself, and this pressure from weight is

cumulative. The water on the surface pushes down on

2-8 US NAVY DIVING MANUAL



the water next below, and so on down to the bottom

where, at the greatest depths of the ocean (approxi-

mately 36.000 feet) , the pressure is more than seven

tons per square inch (1,100 atm) . This force , due to

theweight ofthe water column , is referred to as hydro-

static pressure.

Recalling the findings of Toricelli and Pascal , it is

obvious that the pressure of sea water at a depth of 33

feet will be equal to one atmosphere . The absolute

pressure, which is a combination of atmospheric and

water pressure for that depth , will be 2 atmospheres.

For every additional 33 feet of depth , another atmos-

phere of pressure (14.7 psi ) will be encountered .

Thus , at 99 feet, the absolute pressure will be equal

to four atmospheres.

Surface (one atmosphere)

First 33 feet (gage)

Absolute Pressure

1 atm .

1 atm .+

= 2 atm .

Second 33 feet (gage) + 1 atm .

+ 1 atm .

= 4 atm .

The tendency of a substance to float-or not to float-

in water is indicated by its specific gravity. For a

solid or a liquid , this is a number assigned on the

basis of the ratio of the density of the substance to

the density of fresh water. Water is given a specific

gravity of 1.0 . Cork , which has one-fourth the density

of water ( 15 pounds per cubic foot or 0.24 g/cc) has a

specific gravity of 0.24 . The specific gravity of gases

is compared with the density of air at 59°F (15°C)

at 1 atm . abs .

The human body has a specific gravity of approxi-

mately 1.0 . This will vary slightly from one person to

the next-the average man will experience little diffi-

culty in floating in water , a fat person will readily float ,

and a person with a thin , lean body may experience

trouble floating . The natural buoyancy of any swimmer

can temporarily be increased by his taking a deep

breath of air. This inflates the chest cavity , displacing

more water and thereby increasing the upward , buoy-

ant force .
Third 33 feet (gage)

Absolute Pressure at 99 feet

This change in pressure with depth is so regular and

so pronounced that the feet of a man standing under

water will be receiving pressure that is almost three

pounds per square inch greater than that received

at his head .

Buoyancy 2.3.3 The force that makes objects

float-whether pieces of cork or ships with steel

hulls is known as buoyancy. It was first defined by

the Greek mathematician Archimedes, who estab-

lished that any object wholly or partly immersed in

a fluid is buoyed up by a force equal to the weight

of the fluid displaced by the object. This is known as

Archimedes' Principle , and it applies to all objects.

and all fluids .

The buoyant force of the fluid depends upon its

density (weight per unit volume) . Salt water, with a

density of 64 pounds per cubic foot ( 1.025 g /cc) has

a slightly greater buoyant force than fresh water.

which has a density of 62.4 pounds per cubic foot

(1.0 g/cc) . Thisis why it is noticeably easier for a

swimmer to float in the ocean than in a lake - his body

displaces a smaller volume of seawater than it would

displace in freshwater; therefore , a greater percentage

of his body will remain out of the water.

Figure 2-12 Buoyancy. As a block is immersed in a liquid.

it displaces a volume of liquid equal to its own volume . The

weight of the volume of liquid displaced is equal to the

buoyant force on the block.

Figure 2-13 Three terms are frequently used in diving

to describe different stages of buoyancy . positive buoyancy,

indicating a tendency to float negative buoyancy which

connotes a tendency to sink , and neutral buoyancy which

reflects a condition of balance wherein an object will tend to

neither rise nor sink but will remain suspended

an any particular level.

2-9
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A diver can vary his buoyancy in several ways. By

adding weights to his gear, he can cause himself

to sink. If wearing surface-supplied diving dress , he

can increase or decrease the amount of air in the

suit, thus changing his displacement and thereby his

buoyancy. Minor changes in his volume can produce

a significant change in buoyancy . Applying the prin-

ciple of Archimedes, it is readily determined that

one-half cubic foot ( 14.2 liters) of added displacement

will provide a lifting force of 32 pounds ( 14.5 kg) .

Divers usually seek a condition of slightly negative

buoyancy. For a diver in a helmet and dress , it gives

him a better foothold on the bottom . For a diver using

SCUBA, it enhances his ability to swim easily, change

depth and " hover".

The air in a diving suit-or the air in the lungs of a

swimmer holding his breath -will be compressed or

will expand depending upon depth . For the swimmer,

it means that , as the air is compressed he will not

displace as much water and will lose buoyancy as he

goes deeper in the water. At a depth of approximately

15-20 feet ( 5-6 meters) , a breath-holding diver will

reach a state of neutral buoyancy and below that

level, he will tend to sink.

For the hard-hat diver, the changing displacement

means that he must control his inlet and exhaust to

counter the changes , ( Figure 2-14) . For example: if

in ascending , he does not vent the air sufficiently to

offset the increasing volume in his suit, his situation

will become increasingly critical . The faster he rises,

the more the air expands, causing an even faster

ascent until he pops to the surface , out of control and

with possibly serious consequences from decompres-

sion sickness or from colliding with the bottom of his

ship or other surface object . This condition is known

as "blowing up" and is covered in more detail in

Chapter Eight.

A condition opposite to " blowing up" can also pose a

problem for the diver. That is , as he descends and

the air in his suit becomes compressed , he displaces

less water and sinks faster . This can lead to the same

sort of chain reaction and to the danger of squeeze

(Chapter Eight) unless he adds sufficient air to keep

his displacement at a balanced value .

Figure 2-14

Weight of diver , helmet and dress = 320 lbs

352-320 32 lb positive

Buoyancy in deep-sea diving .

A diver, with his helmet and dress , weighs 320 pounds . If

he inflates his dress so that he displaces 5.5 cubic feet of

water, he will be buoyed up by a force equal to the weight

of 5.5 cubic feet of water . Since seawater weighs 64

pounds per cubic foot , the buoyant force acting on this

diver would be 5.5 x 64 = 352 lbs . This force is 32

pounds (352 - 320 ) more than his total weight and conse-

quentlythe diver would be positively buoyant and float

with half a cubic foot of his volume out of water. The

volume of water displaced would be 5 cubic feet , the weight

of which (5 x 64 = 320 pounds ) would just equal his own

weight . Ifthe dive were conducted in lower density (62.4

pounds per cubic foot ) fresh water , the diver would be less

buoyant (5.5 x 62 4320 = 23 2 pounds ) . He would float

with 0.37 cubic foot 23 2 above the surface .

60 4
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GASES IN DIVING 2.4

Gases are the most elusive and intangible of sub-

stances, but a knowledge of the properties and be-

havior of gases- especially those used for breath-

ing is of vital importance to a diver.

The Group of Diving Gases 2.4.1 There is a

special group of gases encountered in diving and

the majority of the members of this group - eight in

number-are normally found , in varying quantities,

in the atmosphere (Figure 2-15) . These gases are

oxygen, nitrogen , helium , hydrogen , neon, carbon

dioxide, carbon monoxide, and water vapor. They are

not the only gases that may occur in the atmosphere ,

nor are they the only gases which have been used

in diving , but the others- argon , krypton , and xenon-

have all been rejected for diving use for various

reasons.

While these gases are discussed separately, the

gases themselves are almost always used in some

mixture -air itself is a naturally occurring mixture

of most of them . In certain types of diving applica-

tions, special mixtures may be blended using one

or more of the gases with oxygen .

THE COMPOSITION OF DRY AIR

COMPONENT

Nitrogen

Argon ( Inert)

Oxygen

Carbon Dioxide

Rare Gases

Neon

Helium

Krypton

Hydrogen

Xenon

Radon

Carbon Monoxide

Commonly Simplified

PERCENT BY VOLUME

78.084

0.934

20.946

0.033

0.003

79

2
2
0

Nitrogen

Oxygen
21

Figure 2-15 The Composition of Dry Air

8

O2
31.9998*

OXYGEN

Oxygen is the most important of all gases, and is one

of the most abundant of all elements on earth . Atmos-

pheric air contains approximately 21% oxygen , which

exists freely in a diatomic state with two atoms paired

off to make one molecule (O2) . This colorless , odor-

less, tasteless and "active " gas readily combines.

with other elements . Water itself is about 89% oxygen

byweight. Fire cannot burn without oxygen and man

cannot live without oxygen .

It is the oxygen in the air we breathe - and only the

oxygen-that is actually used by the body. The other

79% of the air serves to dilute and carry the oxygen .

Pure 100% oxygen is often used for breathing in

hospitals and in aircraft . Sometimes 100% oxygen is

used in shallow diving operations . However, if a

man breathes pure oxygen under pressure , he may

experience the serious problems of oxygen poison-

ing . (See Chapter Three , " Diving Physiology. ")

*

Molecular

Symbol

8-

Atomic Number

02 31.9998

Molecular Weight
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7

N2
28.0134

NITROGEN

Like oxygen , nitrogen is colorless , odorless and

tasteless , and is a component of all living organisms .

However, unlike oxygen it will not support life or

aid combustion , and it does not easily combine with

other elements . Nitrogen in the air is inert in the

free state and is essentially a " carrier" for the oxygen .

For divers, the nitrogen may be considered to dilute

the oxygen.

Nitrogen is not the only gas which can be used for

this purpose and , under some conditions , it has

severe disadvantages compared to other gases.

Nitrogen Narcosis, a disorder resulting from the

anesthetic properties of nitrogen breathed under

pressure , can result in a loss of orientation and judg-

ment by the diver. For this reason , compressed air

(with its high nitrogen content) is not used in deep

diving operations below a specified depth.

2

He
4.0026

HELIUM

Helium is also a colorless , odorless and tasteless gas

but it is monatomic; that is it exists as a single atom

in its free state . It is almost totally inert-so inert that it

does not even combine with itself. It is also virtually

insoluble in water.

Helium is a rare element, found in the air only as a

trace (about 1 /200,000) . It was first discovered in

1868 through spectrographic analysis of the sun

(hence the name, from the Greek helios, meaning

"sun" ) before it was ever isolated on earth , in 1895.

Since helium is seven times lighter than air, its pri-

mary use in the early 20th century was for inflation of

balloons and dirigibles. Helium coexists with natural

gas in certain wells in the southwestern United

States , Canada, and the USSR. Separation of the gas

from these wells provides the world's supply.

When used in diving to dilute oxygen in the breathing

mixture, helium does not cause the problems asso-

ciated with nitrogen narcosis- but it does have

unique disadvantages of its own . Among these is the

distortion of speech which takes place in a helium

atmosphere . The "Donald Duck" effect is caused by

the unusual acoustic properties of helium and impairs

voice communications in deep diving . Another nega-

tive characteristic of heliumisits high thermal con-

ductivity, which can cause a rapid loss of body and

respiratory heat in a helium-based atmosphere.
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Neon

1

H22.01594

HYDROGEN

Hydrogen, also diatomic , colorless, odorless and

tasteless is so active that it is rarely found in a free

state on earth . It is, however, the most abundant ele-

ment in the rest of the universe-the sun and stars are

almost pure hydrogen.

Hydrogen is the lightest of all elements and for 150

years was used extensively to give the lift to lighter-

than-air craft. It is violently explosive when mixed

with air in proportions that include a presence of

more than 5.3% oxygen. The flaming crash of the

German dirigible airship HINDENBURG in 1937 (at

the Naval Air Station in Lakehurst , New Jersey) put

an effective end to the general use of hydrogen in

lighter-than-air ships. Hydrogen has been used in

diving (replacing nitrogen for the same reasons as

helium ) , but the hazards have limited this to little

more than experimentation . Because helium has been

so readily available in the United States , the U. S.

Navy has never had cause to use hydrogen for diving .

10

Ne
20.183

NEON

Neon is inert, monatomic , colorless , odorless and

tasteless-and is found in minute quantities in the at-

mosphere. Neon is a good conductor of electricity

when held at very low pressure and glows with a dis-

tinctive orange-red color. Because of this it is most

commonly used in making illuminated signs and ad-

vertising displays.

It is a heavy gas, but does not exhibit the narcotic

properties of nitrogen when used as a breathing

medium . Since it does not cause the speech distor-

tion problem associated with helium, and has supe-

rior thermal insulating properties , it has been the

subject of some experimental diving research .

UNDERWATER PHYSICS
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CO2 44.0103 CO 28.0106

CARBON DIOXIDE

Carbon dioxide is colorless, odorless and tasteless

when found in small percentages in the air. In greater

concentrations it has an acid taste and odor. It is a

chemically active gas which is commonly observed

as bubbles in soda water and champagne . It also

causes the rising of bread dough , and is widely used

as an extinguishing agent in fire extinguishers.

Carbon dioxide is a natural by-product of the respi-

ration of animals and humans (among other sources)

formed by the oxidation of carbon in the body to

produce energy. It occurs in the atmosphere as ap-

proximately .03% of the total . For divers , the two

major concerns with CO2 are control of the quantity

in the breathing supply , and removal of the " exhaust"

after breathing .

In high concentrations the gas can be extremely toxic.

Severe problems may arise for divers who use closed-

circuit and semiclosed breathing systems , if the sys-

tem fails to dispose of the excess CO2.

CARBON MONOXIDE

Carbon monoxide does not naturally occur in any

quantity in the air and could almost be considered to

be "man-made." It is the result of incomplete combus-

tion of fuels and is most commonly found in the

exhaust of internal combustion engines . It is highly

poisonous to man , and , since it is colorless , odor-

less and tasteless , it is difficult to detect . Carbon

monoxide is chemically highly active and seriously

interferes with the ability of the blood to carry oxygen.

The first symptom of CO poisoning is usually drowsi-

ness accompanied with a headache; this is followed

by a loss of consciousness and , unless corrected in

time, can result in death.

A typical carbon monoxide problem for divers is

contamination of the air supply from improper place-

ment of the compressor engine exhaust too close to

the pump intake . In such a situation , the exhaust

gases are sucked in with the air and sent on to the

diver-often with disastrous results.

2-14
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H2O
18.0153

WATER VAPOR

Air always contains some percentage of water vapor

which must be considered as a gas. This is the

"humidity" that sometimes makes the weather-

especially hot weather- uncomfortable.

A diver must have an understanding of humidity

because too much water vapor in the air supply can

cause problems ranging from a fogged face-plate , to

a frozen air-line, to chilling of his body. Too little

moisture can also cause other problems such as

irritated sinuses or throat and dried-out gaskets in

pumps and air-lines . Because of its unique physical

characteristics encountered during diving opera-

tions , Section 2.4.5 provides a detailed presentation

on water vapor.

Kinetic Theory of Gases 2.4.2 On the surface of

the earth the constancy of the atmosphere's pressure

and composition tend to be accepted without con-

cern . To the diver, however , the nature ofthe high

pressure, or hyperbaric, gaseous environment as-

sumes great importance . The basic explanation ofthe

behavior of gases under all variations of temperature

and pressure is known as the kinetic theory of gases.

The term "kinetic" is derived from a Greek word

meaning "of motion , " which effectively describes the

normal condition of a gas . The molecules are always

in motion , flying in all directions at high speed , re-

bounding off each other, changing directions . In fact,

the word " gas" itself was taken directly from the

Greek word "chaos" because it seemed so apt a

description of this kinetic activity.

If the gas is confined at atmospheric pressure , each

square inch of each side of the container will be

struck by about 2,000,000,000,000,000,000,000,000

molecules per second . These molecules are infini-

tesimal , and individually have little impact . However,

because they act together in such large numbers, and

at such high speed , they produce a measurable force .

The kinetic energy of a gas is related to two factors :

the speed at which the molecules are moving , which

is a function of the temperature, and the mass

(weight) of each gas molecule, which is a function

of the type of gas . At a given temperature molecules

of heavier gases move at slower speed than those of

lighter gases, but their combination of mass and

speed results in the samekinetic energy level and

impact force. The measured impact force , or pressure ,

is representative of the kinetic energy of the gas.

The kinetic theory of gases, therefore , states-The

kinetic energy of any gas at a given temperature is

the same as the kinetic energy of any other gas at

the same temperature.

Consequently, the measurable pressures of all gases

resulting from kinetic activity are affected by the

same factors.

*For simplicity , the terms " mass " and " weight" will be used

interchangeably in this manual . In the science of physics many

laws are based upon the absolute measurement of quantity of

matter (mass) which takes into consideration changes in the

gravitational field . The term " weight" denotes the apparent

quantity of matter resulting from measurement under the pre-

vailing gravitational field .
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For any given gas, if the number or the force ofthe

"impacts" is changed , the pressure will change . If

the temperature is increased , for example, the in-

creased speed of the molecules will cause impacts of

higher force and greater frequency; if the temperature

is reduced , the movement will be slower and the

Figure 2-16

(a)

(b)

(c)

333333

The kinetic energy of the molecules inside

the container in (a) above produces a constant pressure on the

internal surfaces . As the container volume is decreased

(b) , the molecules per unit volume (density) increase and so

does the pressure . As the energy level of the molecule

increases from the addition of thermal energy (heat) , so

does the pressure (c) .

measured pressure , therefore , less. The pressure will

also change if the volume of a gas is changed . By

squeezing a given quantity of gas molecules into a

smaller volume, the number of impacts per square

inch of container wall will increase and so will the

pressure. The same result occurs if more molecules

of a gas are pumped into a given volume— more

molecules, more impacts, higher pressure.

Gas Laws 2.4.3 Gases are subject to three close-

ly interrelated factors -temperature , pressure and

volume. As the kinetic theory of gases points out, a

change in one of these factors-such as an increase

in temperature -must result in some measurable

change in the other factors . Further, the theory indi-

cates that the kinetic behavior of any one gas will be

the same for all gases or mixtures of gases. Conse-

quently, basic rules have been established to help

predict the changes which will be reflected in tem-

perature, pressure or volume as the conditions ofthe

operating environment are changed .

For example, a diver needs to know what effect the

changing pressures will have upon the air in his suit

and in his lungs as he moves up and down in the

water. He must be able to determine the capability

of an air compressor to deliver an adequate supply of

air to a proposed operating depth . He needs to be

able to interpret the reading on the pressure gage

of his tanks under varying conditions of temperature

and pressure. The answers to such questions are

calculated through the use of a set of rules called the

"gas laws."

The gas laws of direct concern to divers are:

Boyle's Law Charles' Law Dalton's Law

An important note:

In working with the gas laws , all pressure is ab-

solute pressure (adding the ever-present one

atmosphere) , all temperature is absolute tem-

perature, and all units used in the equations

should be in one system of units, English or

Metric.

BOYLE'S LAW 2.4.3.1 In 1660 , having heard of

the discoveries of Toricelli and Pascal , Robert Boyle

set out to determine what would happen to a given

quantity of confined air if the pressure were changed .
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Boyle took a J-shaped tube of glass and sealed the

short leg . He then poured mercury into the longer leg

until the amount of mercury in each leg was equal . At

that point , he reasoned that the pressure of the air

trapped in the closed end of the tube must be equal

to the pressure of the atmosphere acting on the mer-

cury in the longer, open end . Boyle then added more

mercury until he could see that the volume of air

trapped in the short leg was cut in half. This took an

added 30 inches (760 mmHg ) of mercury, which

meant that he had added an amount equal to atmos-

pheric pressure and had thus doubled the pressure

on the trapped gas.

His demonstration showed that the pressure and

volume of a gas are inversely related -that is, the

higherthe pressure , the smaller the volume , and vice-

versa . Expressed as a formula , Boyle's Law is-

where P =

constant.

PV = C

absolute pressure , V = volume and C = a

To illustrate Boyle's Law: If a bubble of air (or air in a

rubber balloon) of 1 cubic foot is pushed down into

the water to a depth of 33 feet , the pressure on the out-

side ofthe balloon will have been doubled bythe ad-

dition of one atmosphere of pressure to the surface

pressure. The effect on the volume of the air will be a

reduction to one-half the original volume.

Before:

After:

Figure 2-17

PV = C

1 atm abs x 1 cu ft = 1

2 atm abs x V = 1

V = 0.5 cu ft

Volume = 1 cu. ft.

14.7

33 ft. 14.7 lb/in²

O

Volume 2 cu. ft.

If the balloon is released and allowed to rise to the

surface, the volume will return to the original amount

as the pressure is reduced to one atmosphere.

The bubble of air can be the air in a diver's suit, or

the air in his lungs . As the diver descends, the air

will be compressed ; and , as he ascends, it will ex-

pand . The changes will always be in proportion tothe

changes in the absolute pressure and because of this,

the changes will be most pronounced in the water

nearest the surface.

For example: The balloon of air in the previous illus-

tration has been reduced in volume by a full 50% in

the change from one atmosphere at the surface to two

atmospheres at 33 feet . By using the formula , demon-

strate how much that volume will change if the

balloon is moved deeper-from 33 feet to 66 feet

where the pressure is 3 atmospheres absolute :

At 33 feet: PVC

2 x 0.5 = 1

3xV= 1At 66 feet:

V= 3, or 0.33 cu ft

The change between 33 feet and 66 feet is much less

than that between the surface and 33 feet- a change

of only 0.17 cu ft compared with 0.5 cu ft . An under-

standing of this relationship is important to a diver,

because it indicates that sudden changes while in

shallow water can be more dangerous than an equiv-

alent change of depth while working deeper in the

water. Actually, the change in gas volume in the last

33 feet of an ascent would be greater than the change

that would occur in rising from a depth of 297 feet to

33 feet:

At 297 feet (10 atm abs):

PV= C

10 x V = 1

V = 10, or 0.1 cu ft

At 33 feet, the volume is 0.5 cu ft, and at surface ,

1 cu ft .

The following is an illustration of Boyle's Law in a spe-

cific diving situation , one in which a lack of knowledge of

the Law could have lethal consequences:

As a part of a training exercise , you have been scheduled

to make a free ascent from a depth of 66 ft . (20 meters) . OnBoyle's law; example
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the bottom , an instructor takes your SCUBA gear andlets

you have one final breath before the ascent . Naturally

enough , you take in as much air as you can , filling your

lungs . Then you push up toward the surface.

While you were at 66 ft . breathing normally from your

SCUBA, you were in pressure balance with your immediate

environment. The absolute pressure at that depth is 3

atmospheres. The regulator on your SCUBA was automatic-

ally delivering breathing air at the same pressure , so that

the air inside your lungs balanced the outside pressure.

Your lungs were at their normal size and capacity , and that

last breath just filled them to about 5 liters .

You start to rise, and the pressure starts to decrease . As

predicted by Boyle's Law, the volume of gas-the air in

your lungs-will increase proportionally. By the time you

reach 33 feet, if you have not let any air escape , the air in

your lungs will have increased in volume by one-third to

match the one-third reduction in absolute pressure . Your

lungs will now be straining and the air will be trying to

bubble its way past your lips . But, since you are an inex-

perienced diver, you have a natural tendency to try to hold

in all of the air so that you'll be sure to have enough to last

until reaching the surface-which still appears to be a long

way up.

Ifyou held your breath in an attempt to contain the air, bythe

time you reached the surface that lungful of air would have

expanded to three times the normal lung capacity. In all

probability the overinflation of your lungs would have

caused an embolism -a serious medical disorder caused

by gas bubbles being forced through the lung tissue into

the blood stream . For this reason free-ascent training

stresses the continuous blowing off of the expanding air

and the dangers of breath-holding .

CHARLES' LAW 2.4.3.2 Boyle had shown that

pressure and volume were inversely related . How-

ever, since his experiments were conducted at rela-

tively low pressures and at whatever the temperature

happened to be on the day of his experiments, they

provided no clues as to the influence of temperature.

A French scientist , Jacques Charles, found that if the

pressure was kept constant- as in some sort of freely-

expanding container-the volume of gas would in-

crease as the temperature increased . Conversely, if

the volume was restrained in a rigid container, the

pressure would increase with the temperature . This is

all in accordance with the kinetic theory of gases-

higher temperatures , higher molecular speeds.

Charles' Law states that the amount of change in

either volume or pressure is directly related to the

change in the absolute temperature .

Algebraically:

PV RT or PV

=

= R

Where P absolute pressure , V = volume, T = ab-

solute temperature , R a universal constant for all

gases.

As an example , if the absolute temperature were

doubled, the volume or pressure would also be

doubled (depending on the type of container

employed) .

THE GENERAL GAS LAW 2.4.3.3 Boyle and

Charles demonstrated that with a gas-any gas-the

factors of temperature , volume and pressure were so

interrelated that a change in any of these factors must

be balanced by a corresponding change in one or

both of the others . Boyle's Law illustrates pressure/

volume relationships , and Charles' Law basically

describes the effect of temperature changes on pres-

sure and/or volume . The General Gas Law is a con-

venient combination of these two laws in predicting

the behavior of a given quantity of gas when changes

may be expected in any or all of the variables.

Since K

PIVI

Ti

=

P2V2

and = K

T2

The formula for the General Gas Law is:

P₁V₁

T1

=

P2V2

T2

The symbols refer as follows:

P₁ = initial pressure (absolute)

V₁ initial volume

T₁

=

=
initial temperature (absolute)

P2
=

final pressure (absolute)

V2 = final volume

T2 final temperature (absolute)

K

=

= a constant

In working with this formula , a few simple rules must

be kept in mind:

1. There can be only one unknown .

2. If it is known that a value remains unchanged
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(such as the volume of an air tank) , or that the change

in one of the variables will be of little consequence ,

cancel the value out of both sides of the equation ,

thus simplifying the computations.

Thefollowing are several examples of uses of the General

Gas Law in a typical diving operation :

Example No. 1-

You are stationed aboard a small salvage vessel operating

out of Key West, Florida . Your ship has been given the task

of locating and salvaging an LCM landing craft which had

been damaged and sunk in a recent exercise .

The ship's fathometer has indicated a sharp rise on the

otherwise flat bottom in 130 feet of water, and you are tc

make an exploratory dive to survey the contact . This first

dive will be of short duration , and you will use SCUBA.

As the air tanks of the SCUBA are being charged to a capa-

city of 1,785 psig , the temperature in the tank has risen to

140°F. From experience in these waters , you know that the

temperature at the operating depth will be about 40°F and

you want to know what the gage reading will be when you

first reach the bottom .

For the first step in computing the answer, fill in all known

values:

P₁ = 1,785 psi (gage) + 14.7 psi (atmospheric)

= 1799.7 psia

V₁ = V2 (The volume of the tank will not change , so v

can be eliminated in this problem . )

Convert the temperature from degrees Fahrenheit to its

absolute equivalent in degrees Rankine .

°R =°F + 460°

T₁ = 140° + 460°

= 600°R

T2= 40° + 460°

= 500°R

P2= Unknown

From the formula (with V eliminated):

P₁ P2
-

T1 T2

Rearranging the formula (following standard algebraic

procedures) to solve for P2:

P2 PIT2
=

Ti

Substitute values and solve :

P2 =
1799.7 psia x 500°R

600°R

=1,499.75 psia

Adjust P2 to gage pressure :

1,499.75 psia - 14.7 psi = 1,485.05 psig

Example No. 2-

During your initial dive , you and your buddy diver verify that

the depth-finder contact is in fact the LCM . You survey the

craft and determine that the damage will require a simple

patch . For this job, the Diving Supervisor decides to send

down a "hard-hat" diver.

You will act as tender for the dive and while the diver is

getting his gear ready, you make a calculation to be certain

that the air compressor you plan to use has sufficient ca-

pacity to deliver the proper volume of air to the working

diver and standby diver at the operating depth and

temperature .

The compressor has a suction capacity of 60 cubic feet per

minute, and the temperature of the air on the deck of the

ship is 80°F . The pressure at working depth is approxi-

mately 5 atmospheres absolute . This is derived by dividing

the depth (130 feet) by the increment of depth which has a

pressure equal to one atmosphere (33 feet) and adding one

atmosphere to give absolute pressure . The problem can be

solved using either psi values or units of atmosphere, but

not both in the same problem , using atmospheres simpli-

fies the arithmetic . The absolute temperatures are 540°R

on the surface (80°F + 460°F) and 500°R at depth , as com-

puted in Example No. 1 .

Rearrange the formula to solve for the unknown , the volume

of air at depth :

V2=
PIVIT₂

P2T1

Substitute values and solve:

V2=
1 atm x 60 cu . ft . min . x 500°R

5 atm x 540°R

= 11.1 cu ft/min at bottom conditions

Based upon an actual volume (displacement) flow require-

ment of 4.5 cu ft/min (CHAPTER SIX) for a deep-sea diver,

the compressor capacity is sufficient to support two divers

(9.0 cu ft) at the 130 foot depth .

Gas Mixtures 2.4.4 If a diver used only one gas

for all underwater work, at all depths , then the General

Gas Law would suffice for most of his necessary cal-

culations. However, the only "one" gas which could

be used is oxygen- since it is the only one which

provides life-support . But, as noted earlier, 100% oxy-

gen is dangerous when breathed at depths greater

than 25 feet.

Accordingly, divers are usually breathing gases in a

mixture either as air (21 % oxygen , 78% nitrogen,

1% other gases) , orwith one of the inert gases serving

as a carrier for the oxygen . The human body has a
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wide range of reactions to various gases under dif-

ferent conditions of pressure , and for this reason

another gas law is required to help compute the dif-

ferences between breathing at the surface , and

breathing under pressure .

DALTON'S LAW 2.4.4.1 Dalton's Law- named

for the English scientist who discovered the principle

involved-states that:

The total pressure exerted by a mixture of gases is

equal to the sum of the pressures of each of the

different gases making up the mixture-each gas

acting as if it alone was present and occupied the

total volume.

In other words, "the whole is equal to the sum of its

parts" and each part is not affected by any of the

other parts. The pressure contributed by any gas in

the mixture is proportional to the number of molecules

of that gas in the total volume-and the pressure of

that gas is called its partial pressure (pp) , meaning

its part of the whole . Dalton's Law is sometimes re-

ferred to as "the law of partial pressures. "

Stated algebraically:

PTotal=PPA + PPB + PPC ...

and

PPA=PTotalX

%Vol.A

100%

An operational example will best illustrate the use of—

and importance of Dalton's Law.

Continuing with the salvage job off Key West; just before

the diver's faceplate is closed he takes a normal breath of

air. That breath contains millions of molecules of various

gases mixed freely in the atmosphere . The pressure of the

gas he has just taken in is normal atmospheric pressure ,

1.0 atmosphere absolute .

Since the composition of the air is almost constant, we

know that for every 10,000 molecules of gas in that breath ,

2,100 will be oxygen , 7,800 will be nitrogen , 97 will be of all

the other gases except carbon dioxide , which will comprise

approximately 3 molecules.

In accordance with Dalton's Law- Oxygen Partial Pressure :

21%

100%
(ppO2) =

=
× 760 mmHg = 160 mmHg

Inert Gas Partial Pressure :

Carbon Dioxide Partial Pressure :

0.03%

100%
(ppCO2) = × 760 mmHg = 0.23 mmHg

Now, let's see what happens to the breathing mixture

at the operating depth of 130 feet . The pressure at

depth is 3800 mmHg (760 mmHg x 5 atm abs). The

air compressor on the ship is taking in air at the sur-

face, normal pressure and normal mixture , and send-

ing it down to the diver at a pressure sufficient to

provide the necessary balance . The composition of

the air is not changed , but the quantity being deliv-

ered to the diver is five times what he was breathing

at the surface. More molecules of oxygen , nitrogen,

carbon dioxide , are all compressed into the same

volume at the higher pressure.

Employing Dalton's Law to determine the partial pressures

at depth-

Oxygen Partial Pressure :

(ppO2) =

21%

100%
× 3800 mmHg = 800 mmHg

Inert Gas Partial Pressures :

(ppl)
=
79%

100%
(approx) x 3800 mmHg = 3000 mmHg

Carbon Dioxide Partial Pressure :

(ppCO2) =

0.03%

100%
× 3800 mmHg = 1.14 mmHg

SURFACE EQUIVALENT 2.4.4.2 From the pre-

vious calculations it is apparent that the diver is

breathing more molecules of oxygen at depth than he

would be if using 100% oxygen (760 mmHg ) at the

surface . He is also inspiring five times as many CO₂

molecules as he would breathing normal air on the

surface . If the surface air were contaminated with 2%

(0.02 atm ) CO₂-a level which could be readily ac-

commodated by a normal body at 1 ata- the partial

pressure at depth would be a dangerously high 0.1

atm (0.02 atm x 5 atm ) . This partial pressure is com-

monly referred to as a surface equivalent (SE) of

10% CO2:

SE = PP at depth expressed in atms x 100%

1 atm

(ppl ) =

79%

100%
(approx) x 760 mmHg = 600 mmHg

- =
0.1 atm

1.0 atm

× 100% = 10% CO2
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Figure 2-18

CASE I

0.2 ata O₂

0.8 ata N2

0.4 ata O₂

1.6 ata N₂

1.0 ata O₂

4.0 ata N2

1 ATMOSPHERE

2 ATMOSPHERES

5 ATMOSPHERES

Partial Pressure:

CASE II

0.2 ata O₂

0.8 ata N2

0.4 ata O₂

1.6 ata N2

1.0 ata O2

4.0 ata N2

In case I , similar to the situation in a diver's lungs , the partial

pressures of the two gases (at constant volume) increase

because of the addition of more gas molecules.

In case II , similar to an open-bottom diving bell , partial

pressures of the two gases increase due to compression .

In both cases the sum of the partial pressures equals the

hydrostatic pressure, and individual partial pressures increase

in direct proportion to absolute pressure .

This term implies that the concentration and physio-

logical effect of a gas at a given partial pressure at

depth is the same as would be experienced at X%

breathed on the surface ( 1 atmosphere) . Although it is

a commonly used term , " surface equivalent" is often

misinterpreted , and it is preferable to use the more

exact form of expressing partial pressure in units of

pressure (atm , mmHg) .

GAS DIFFUSION 2.4.4.3 Another physical effect

of partial pressures and kinetic activity is that of gas

diffusion. Gas diffusion is the process of intermingl-

ing or mixing of gas molecules . If two gases are

placed together in a container, they will eventually

mix completely even though one gas may be heavier.

The mixing occurs as a result of constant molecular

motion .

The amount of an individual gas which will move

through a permeable membrane (a solid which per-

mits molecular transmission) depends upon the par-

tial pressure of the gas on both sides of the mem-

brane. If the partial pressure is higher on one side

than the other, the gas molecules will diffuse through

the membrane to the lower partial pressure side until

the partial pressure is equalized (equilibrium ) . Mole-

cules are actually passing through the membrane at

all times in both directions due to kinetic activity, but

more will move from the side of higher concentration .

Numerous body tissues act as permeable mem-

branes . Consequently the rate of gas diffusion , which

is related to the difference in partial pressures, is an

important consideration in determining the uptake

and elimination of gases in calculating decompres-

sion tables.

Humidity 2.4.5 Water vapor, like other gases , be-

haves in accordance with the gas laws . However,

unlike other gases encountered in diving , watervapor

condenses to its liquid state at temperatures normally

encountered by man.

The amount of water vapor in a gaseous atmosphere

is referred to as humidity. In proper concentrations

water vapor in diving atmospheres aids the comfort

of the diver by moistening body tissues. As a con-

densing liquid , however , water vapor can cause the

freezing and blockage of air passageways in hoses

and equipment, fog a diver's faceplate and corrode.

his equipment. Consequently, a knowledge of the

behavior of water vapor (humidity) under changing

conditions of pressure , temperature , and volume is

essential .

Humidity is related to the vapor pressure of water. If

a quantity of water is placed in a jar and the jar is

sealed , part of the water will evaporate into the gas

space above the liquid . Water will continue to evap-
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orate until the number of molecules of water vapor

leaving the liquid surface is the same as the number

returning . When this equilibrium condition is reached,

the air space above the water is said to be saturated

with water vapor . The partial pressure of water in the

gas is directly related to the temperature of the liquid

water. As the water and gas temperature is increased

more molecules of water will evaporate into the gas

until a new equilibrium condition and higher partial

pressure are established . If the liquid and gas are

cooled , water vapor in the gas will condense until a

lower partial pressure condition exists . This phenom-

enon will occur regardless of the total pressure of the

gas above the liquid . Consequently, the maximum

partial pressure of water vapor that can exist in a gas

is governed entirely by the temperature of the gas.

The temperature at saturation is referred to as the

dewpoint. A table of partial pressures of water vapor

at saturation conditions is shown in Figure 2-19.

Two terms are commonly employed in discussions of

humidity-absolute humidity and relative humidity.

Absolute humidity is the mass of water vapor per

unit volume of a gas mixture . The common unit of

absolute humidity in the English system is grains per

cubic foot (7,000 grains = one pound) ; in the Metric

system it is grams per cubic meter. Figure 2-20 pro-

Temperature

Partial

Pressure

°F °C mmHg

30 -1 4

Temperature

°F °C

100 38

Partial

Pressure

mmHg

49

40 5 6 110 43 66

50 10 9 120 49 88

60 15 13 130 54 115

70 21 19 140 60 149

80 27 26 150 65 192

90 31 36 160 71 245

8

Figure 2-19 Partial Pressure of water vapor at saturation

conditions in moist air.

vides a table of absolute humidities of air under satu-

ration conditions . To use , enter vertical column to

correct 10° ; then move horizontally to the exact

temperature , and read weight in grains.

Relative humidity is the ratio, expressed in percent

of the amount of water actually present in a gas

mixture to the amount of water vapor that could be

present if the mixture were saturated at the same

temperature . Relative humidity (RH) may be calcu-

lated in several ways . As an example , assume a gas

is at 80°F and the dewpoint is 50°F . Calculate the

relative humidity:

Method No. 1

(Using Partial Pressures of Water Vapor, Figure 2-19)

9 mmHg (Sat @ 50°F)

35%

26 mmHg (Sat @ 80° F)

RH:=

Method No. 2

× 100%

(Using Absolute Humidity, Figure 2-20)

4.076 Gr/Cu Ft (Sat @ 50°F)

10.934 Gr/Cu Ft (Sat @ 80°F)

RH:=

= 35%

=

× 100%

Two additional terms, wet-bulb and dry-bulb tem-

peratures, are used in humidity studies. Dry-bulb

temperature is the actual temperature of the gaseous

atmosphere. Wet-bulb temperature is the tempera-

ture to which the atmosphere must be cooled to be-

come saturated (dewpoint) . The wet bulb temperature

is always lower than the dry bulb, except at 100% RH

when they are both the same .

When a moist gas is compressed into a constant

volume receiver, water is continually added . Under

these conditions the absolute and relative humidities

and the partial pressure of water vapor are increased .

When the partial pressure of the water vapor reaches

Temp. (Deg . F)
0.0° 0.1 ° 0.2° 0.3° 0.4° 0.5° 0.6° 0.7° 0.8° 0.9°

-10 .2830 .2683 .2546 .2412 .2288 .2168 .2055 .1947 .1844 .1746

- 0 .4728 .4495 .4274 .4062 .3859 .3668 .3482 .3309 .3140 .2980

+0 .4728 .4972 .5222 .5440 .5765 .6063 .6364 .6678 .7017 .7363

10 .7724 .8109 .8505 .8911 .9348 .98 1.027 1.076 1.128 1.180

20 1.236 1.295 1.356 1.419 1.484 1.552 1.624 1.698 1.775 1.856

30 1.940 2.028 2.119 2.201 2.287 2.375 2.466 2.560 2.657 2.758

40 2.861 2.969 3.080 3.195 3.313 3.435 3.561 3.691 3.826 3.965

50 4.108 4.255 4.407 4.561 4.723 4.891 5.063 5.237 5.419 5.609

60 5.798 5.999 6.201 6.414 6.627

70 8.064 8.331 8.605 8.884

80 11.058 11.408 11.764 12.124

90 14.955 15.404 15.864 16.333

100 19.993 20.561 21.151 21.756

110 26.393 27.108 27.858 28.626

6.853 7.080 7.314 7.561

9.169 9.460 9.763 10.072 10.393

12.504 12.886 13.282 13.681 14.097 14.524

16.820 17.324 17.820 18.350 18.878 19.434

22.376 22.996 23.651 24.304 24.978 25.687

29.401 30.193 31.001 31.839 32.699 33.561

7.810

10.727

Figure 2-20
Absolute Humidity- weight in grains of the aqueous vapor contained in a cubic foot of saturated air.

2-22 US NAVY DIVING MANUALChange 1



the level corresponding to saturation at the tempera-

ture of the gas, further compression results in conden-

sation of water within the tank. In contrast , when a

compressed gas is expanded , humidity and the par-

tial pressure of water vapor decreases. As a conse-

quence, air supplied to a diver from a high pressure

cylinder is very dry, whereas air supplied directly

from a compressor is usually saturated (100% RH)

unless water removal equipment is used.

Without adding water vapor to a gaseous atmos-

phere, raising its temperature at constant pres-

sure will decrease the relative humidity. Since the

dry bulb temperature is increased , the atmosphere

could contain more water vapor. The partial pressure

of water vapor, however, will remain unchanged . Con-

versely, lowering the temperature would increase the

humidity until the partial pressure of water vapor in

the atmosphere corresponded to the saturation value.

Further cooling would result in condensation of water

and an associated decrease in the partial pressure of

water vapor in the atmosphere.

In air diving removal of excess water and reduction in the

dewpoint are usually accomplished by a combination of

sea water coolers on the compressor and expansion ofthe

air. The following example will illustrate the calculation for

this type of procedure:

Compressor inlet air- 80°F, 50% R.H., 1 ata

Compressor outlet air- 120°F , 75 psig

Temperature drop across cooler- 50°F

Diver depth-99 f.s.w. (4.0 ata)

Determine the amount of water removed from the air

in the cooler and the relative humidity and dewpoint

temperature of the air in the diver's helmet.

AT = 50°F

First , compute the partial pressure of the water vapor

(PPH20) in the air leaving the compressor. The PPH20

of saturated air at 80°F, from Figure 2-19, is 26 mmHg.

At 50% relative humidity, the PPH20 of the air entering

the compressor is-

PPH20 in =

50%

100%
x 26 mmHg

PPH20 in = 13 mmHg

After the air is compressed to 75 psig, the PPH20

becomes-

PPH20 = 13 mmHg x-

=

75 + 14.7

14.7

13 mmHg x 6.1 ata

= 79 mmHg

From Figure 2-19, the saturation temperature corre-

sponding to 79 mmHg is 115°F . Since the discharge

temperature of the air leaving the compressor is

greater than 115°F, no moisture will have precipi-

tated out inside the compressor. (If the discharge

temperature were less than 115°F, that temperature

would be used to determine the absolute humidity of

the air leaving the compressor.) From Figure 2-20, the

absolute humidity of air saturated at 115°F is 29.89

grains/cubic foot (gr./cu . ft.) .

As the discharge air passes through the cooler, its

temperature goes from 120°F to 70°F . From Figure

2-20 , the absolute humidity at 70°F is 7.98 gr./cu . ft.

The quantity ofwater removed in the cooler is-

29.89 gr./cu . ft. - 7.98 gr./cu . ft. = 21.91 gr./

cu . ft.

The air being delivered to the diver is at 75 psig and

70°F. From Figure 2-19, the PPH20 of this air is 19

mmHg. After its expansion acrossthe air control valve,

the relative humidity ofthe air becomes-

RH=

PPH2O in helmet

x
PPH20saturat

ed
× 100%

cooler

1 atm

80 °F

50% RH

4.0 ata

PPH20 in helmet
=

x 19 mmHg
6.1 ata

75 psig

120°F

= 12.5 mmHg

Expansion Valve

99-FSW

40°F

RH =
12.5 mmHg

19 mmHg

x 100% = 66%

The corresponding dewpoint temperature of the air in

the helmet, from Figure 2-19, is approximately 58°F.
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Gases In Liquids 2.4.6 Whenevera gas is in con-

tact with a liquid , a portion of the gas molecules will

enter into solution with the liquid . They are said to be

dissolved in the liquid . This factor of solubility is of

vital importance since significant amounts of gases

are dissolved in body tissues at the gas pressures

encountered in diving.

Some gases are more soluble than others , and some

liquids are better solvents than other liquids. For

example, nitrogen is five times more soluble (on a

weight for weight basis) in fat than it is in water.

Apart from the individual characteristics of the vari-

ous gases and liquids, there are two physical con-

ditions which have a great effect upon the quantity of

gas which will be absorbed : temperature and pres-

sure. Since a diver is always operating under unusual

conditions of pressure , an understanding of this

factor is particularly important .

HENRY'S LAW 2.4.6.1 Henry's Law states that

the amount of gas that will dissolve in a liquid at

a given temperature is almost directly proportional

to the partial pressure of that gas. If one unit of

gas is dissolved at one atmosphere , then two units

will be dissolved at two atmospheres , three units at

three atmospheres, etc.

When a gas-free liquid is first exposed to the gas,

quantities of gas molecules will rush to enter into

solution , pushed along by the partial pressure of that

gas. As the molecules enter the liquid , they add to a

state of gas tension , which is a way of identifying the

partial pressure of that gas in the liquid . The differ-

ence between the gas tension and the partial pres-

sure ofthe gas outside the liquid is called the pres-

sure gradient, which gives an indication of the rate

at which the gas will tend to enter or leave the solu-

tion . When the gradient is high-with low tension and

high partial pressure-the rate of absorption into the

liquid is high . As the number of molecules of gas in

the liquid increases, the tension increases until it

reaches a value equal to the partial pressure and at

that point, the liquid is saturated with the gas and

the pressure gradient is zero . Unless there is some.

change in temperature or pressure , the only mole-

cules of the gas to enter or leave the liquid are those

which may, in random fashion , change places with-

out altering the balance.

The solubility of gases is affected by temperature-

the lower the temperature , the higher the solubility.

If the temperature of an existing solution is increased ,

some of the already dissolved gases will leave solu-

tion . The bubbles which rise in a pan of water being

heated (long before it boils) are bubbles of dissolved

gas coming out of solution .

The gases in a diver's breathing mixture will be dis-

solved into his body in proportion to the partial pres-

sure of each gas in the mixture . Because of the varied

solubility of different gases, the quantity of a partic-

ular gas which becomes dissolved will also be gov-

erned bythe length of time the diver is breathing the

gas at the increased pressure. If the diver breathes

the gas long enough his body will become saturated ,

but saturation of the body occurs slowly . Depending

on the gas, it takes anywhere from 8 to 24 hours.

Whatever the quantity of gas which has been dis-

solved in a diver's body, at whatever depth and pres-

sure, it will remain in solution as long as the pressure

is maintained . However, as the diver starts to ascend

toward the surface , more and more of the dissolved

gas will come out of solution . If his rate of ascent is

controlled-as through use of the decompression

tables-the dissolved gas will be carried to the lungs

and exhaled before it accumulates sufficiently to

form bubbles in the tissues . If, on the other hand , he

rises suddenly and the pressure is reduced at a rate

higherthan the body can accommodate , bubbles may

form and become trapped in the small blood vessels

causing pain in the area of the joints . The associ-

ated pain and discomfort of decompression sick-

ness is treated by repressurization to redissolve

the bubbles followed by slow decompression using

special tables.

Summary of the Laws Relating To Gases 2.4.7

PV= C

Boyle's Law

PV=T

K

Charles' Law

P₁V₁ P2V2

Ti

=

T2

GeneralGas Law

P TOTAL = PPA + PPB + PPC · ·

PPA = P TOTAL X %VOIA

Dalton's Law

Boyle's Law describes the relationship of pressure

and volume: as absolute pressure increases, volume

decreases proportionally; as absolute pressure

decreases , volume increases.
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Charles' Law describes the relationship of tempera-

ture to pressure and volume : if volume is constant,

the pressure will change directly as the absolute

temperature changes . If the pressure is constant , the

volume will change directly as the absolute tempera-

ture .

The General Gas Law is a convenient combination of

Boyle's and Charles ' Laws.

Dalton's Law, also called the "Law of Partial Pres-

sures," points out that each gas in a mixture of gases

will exert a pressure , which is a part of the total pres-

sure ofthe mixture , and is equal to whatever pressure

that gas would exert if it was all by itself in the volume

being considered .

Henry's Law states that the amount of gas that will

dissolve in a liquid at a given temperature is almost

directly proportional to the partial pressure of that

gas .

ENERGY IN DIVING 2.5

As was previously discussed in Section 2.1.2 , the total

subject of energy is vast , complex and beyond the

scope of this manual . Four ofthe six types of energy-

mechanical , heat , electrical , and chemical -are com-

monly encountered in diving operations in a wide.

variety of forms . Only those forms, however, which

have unusual effects underwater will be discussed in

this section - light , sound and heat.

Light 2.5.1 The human eye needs light in orderto

see, because what it sees is actually an image cre-

ated bythe reflection of light from various surfaces,

objects or particles in the air . Under water, light is

affected by some factors not usually encountered on

the surface, and these directly influence what a diver

will see. Among these factors are diffusion , which

scatters the light, turbidity, which blocks the light,

absorption , which alters the color and intensity of

the light, and refraction , which "bends" the light.

The light that does penetrate the water decreases in

intensity with depth , as the light rays are scattered

and absorbed . In clearwater, enough light remains for

vision to about 300 feet ( 100 meters) but if the water

is very turbid- filled with impurities such as silt,

algae and chemical pollution -the light is cut-off

much sooner. If the level of turbidity is high , vision

may be blocked by the particles even though light

may be present; if the turbidity is severe , as in most

harbors and rivers in the urban areas , the diver will be

"blind" the minute he goes below the surface .

Just as the level of light is changed , so is the color

quality of thelight. The color of the water itself is

influenced by many factors- including the color of

the sky (whether blue or dull gray) , the quantity and

nature of suspended particles such as sand or algae,

and the distance to the bottom . Colors underwater

are modified with depth , because wavelengths of the

visible spectrum are progressively absorbed by the

water and effectively filtered out . This happens at

very shallow depths at the red end of the light spec-

trum . As depth is increased yellow light disappears

and at this point most objects take on a blue color

and red objects appear black.

Light rays in water are diffused - scattered and de-

flected in all directions . This diffusion , contributes

to the reduction in total illumination , but at the same

time tends to aid vision by spreading the light evenly

through the water at any given depth . Shadows are

softened and often eliminated .

The condition of refraction makes a diver think his

eyes are playing tricks on him . Underwater, he may

try to pick up a rock which seems to be well within

reach, only to find that he can't touch it . Or, standing

in shallow water, he may try to poke at a shell with a

stick, and not only does he miss , but the stick seems

to suddenly bend the moment it enters the water.

This sort of visual deception results from the fact that

light rays travel at different speeds in air and water-

faster in air on a ratio of about four to three . When a

light ray passes from one medium to the other at an

angle, it will actually change direction as it either

slows down or speeds up . This causes an apparent

displacement of objects. The effect is most pro-

nounced for a diver wearing a face mask or a helmet

with a glass faceplate . The rays of light, reflected from

an object, must first pass through the water, then the

glass and then the air inside the mask or helmet
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before reaching the lens of the eye. At each inter-

face, as it enters a more or less dense medium , it will

be refracted .

Because of the refraction , objects underwater appear

to be larger, and therefore closer, on a ratio of four

(apparent) to three (actual) . That rock that seemed

just within reach is actually about a foot further away;

a fish 20 feet (6.5 meters) from the diver will seem to

be about 15 feet (5 meters) away.

Incident Light Ray

Glass

Figure 2-21

Air

Air Refracted Light Ray

Refracted Light-as light ray passes through

mediums of different density , they are refracted (bent)

and displaced .

Figure 2-22

Water

Light rays are refracted as they enter water. The

fish above is actually in the location shown bythe solid outline , but

the man observing it sees it to the rear of its actual location .

Sound 2.5.2 The differences in sound underwater

are in many ways similar to the differences in light.

Sound , like light, is made up of waves which seem to

behave in an alien fashion in the water; however, with

sound, the waves are waves of "pressure" rather than

of radiation .

Sound is produced by the vibration of an object,

which sets up a pattern ofwaves of moving molecules

in the air , water or other medium . These waves, in

turn , cause a sympathetic vibration in a detector such

as an eardrum or the diaphragm of a microphone.

Sound travels best in a dense medium , since the more

closely packed molecules more efficiently transmit

the waves, and sound will not travel at all in a vacuum

because there are no molecules.

Water, which is fairly dense, is an excellent sound

conductor and will transmit at a rate of about 3,240

mph (1,500 m/sec) . This is approximately four times

the speed of sound in air. The efficiency at which

sound moves in water has long been put to practical

application by mariners . In the early years of this

century, underwater bells were placed at 135 coastal

lighthouse stations , world-wide , to give audible warn-

ing of proximate danger. The sound of the bells

traveled about 15 miles (24km) underwater, in any

weather, and was picked up by a ship using a micro-

phone mounted inside the hull . During the FirstWorld

War, "listening devices" helped in locating and track-

ing submarines and , later, the development of active

sonar-which sends out a sound and picks up any

echo of that sound from an underwater object- im-

proved antisubmarine warfare capabilities.

In contrast, however, since sound travels so fast

underwater, human ears cannot detect the difference

in time of arrival of a sound between each ear. Con-

sequently, a diver loses the ability to locate the direc-

tion of a sound source . This disadvantage can have

serious consequences for diver or swimmer in locat-

ing objects and sources of danger, e.g. , powerboats.

Variations in temperature of various layers of water

called thermoclines can cause refraction , or bend-

ing , ofthe sonar pulse . The bending of the sound

pulses can produce false echoes which cause prob-

lems for sonar operators attempting to obtain bear-

ings on underwater targets, and can also seriously
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interfere with communications between surface ships

and submarines using the underwater telephone

(UQC) .

Talking underwater, as one would talk on the surface,

is impossible. Man's vocal chords are designed to

operate in an environment of air, and sound cannot

cross from air to water, or from water to air, to any

major extent. Two divers wearing deep-sea gear can

put their helmets together and carry on a conversa-

tion, since the metal in the helmets easily conducts

the sound of their voices. However, if they are sepa-

rated by only a few inches of water, vocal communi-

cation is impossible.

Since water is a better conductor of sound than air,

noises of a given intensity will be heard more clearly

and rapidly than the equivalent noise at the same dis-

tance in air. This characteristic must always be con-

sidered in conducting underwater operations which

may produce damaging noise levels to divers that

might readily be absorbed if performed on the

surface .

Figure 2-23 Water, being a much better sound conductor

than air, permits ships to hear submerged shore warnings

from as far as 15 miles away.

Heat 2.5.3 Heat, orthe absence of it , is crucial to

man's environmental balance . The human body func-

tions only within a very narrow range of internal tem-

perature, and contains delicate mechanisms to con-

trol that temperature which will be examined in detail

in Chapter Three, "Diving Physiology. " The external

factors which influence body temperature are in-

cluded in this present chapter on "Underwater

Physics."

Heat is a form of energy associated with and propor-

tional to the molecular motion of a substance . It is

closely related to temperature but must be distin-

guished from it because different substances do not

necessarily contain the same heat energy even though

theirtemperatures are the same . Temperature is meas-

ured in degrees, usually Fahrenheit or Celsius as dis-

cussed in Section 2.2. Heat is measured in British

Thermal Units (Btu's) , calories , or kilogram-calories.

One Btu is the amount of heat required to raise the

temperature of one pound of water one degree Fahr-

enheit. A calorie is the amount of heat required to

raise the temperature of a gram of water one degree

Celsius, and a kilogram-calorie is the corresponding

amount for a kilogram ( 1000 grams) of water.

Specific heat is the ratio of the amount of heat trans-

ferred to raise a unit mass of a substance 1 degreeto

that required to raise a unit mass of water 1 degree.

Specific heat, like specific gravity, is a ratio that uses

water as the base with a value of 1.0. The specific

heat of air is 0.24 , which means that 0.24 calories

will raise the temperature of a gram of air by 1°C.If

one converts air from a weight to a volume basis and

compares it with water, it will be found that a volume

of water will absorb 3,600 times as much heat as a

volume of air for the same rise in temperature .

Heat is generated in many different ways , including

the burning of fuels and other chemical reactions, by

friction, and by electricity. Heat is transmitted from

one place to another in three ways: conduction, con-

vection and radiation .

Conduction is the transmission of heat by direct ma-

terial contact. A typical example of conduction is the

heating of a cooking pot handle . Water is a much

better conductor of heat than air, and an unprotected

diver can lose a great deal of body heat to the sur-

rounding water by direct conduction .

Convection is the transmission of heat by the move-

ment of heated fluids . This is the principle behindthe

operation of most home heating systems, which set up

a flow of air currents based on the natural tendency of
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14.5°C

15.5°C

Figure 2-24 A calorie is the amount of heat required to raise

the temperature of 1 cc of water 1 °C

warm air to rise and cool air to fall.

A diver, seated on the bottom of a tank of water in a

cold room , can lose heat not only by direct conduction

to the water, but also by convection currents in the

water. The warmed water next to his bodywill rise and

be replaced by colder water in the tank. The warmed

water passing along the walls of the tank, or reach-

ing the surface , will lose heat to the cooler surround-

ings . Once cooled , the water will sink only to be

warmed again as part of a continuing cycle.

Radiation is the transmission of heat by electromag-

netic waves of energy. Heat from the sun , from electric

heaters and from fireplaces is primarily radiant heat .

Of the three, conduction is of most significance to

divers. The rate at which heat will be transferred by

conduction depends on two basic factors-the differ-

ence in temperature between the warmer and cooler

material , and the conductivity of the materials . Some

substances are excellent conductors of heat- for ex-

ample, iron , helium , and water. Some, like air, are very

poor conductors . A poor conductor, if placed between

a source of heat and another substance , will insulate

the substance and appreciably slow down the trans-

fer of heat. Most of the materials used for insulation

ofthe human body- such as wool , or foam plastics-

are effective because they contain thousands of

pockets of trapped air, each too small to be subjectto

convective currents but each blocking conductive

transfer of heat.

A diver's experience with temperatures in the home.

does not give him a basis with which to evaluate the

heat problems he will encounter underwater. The

water temperature below which a diver will start to

become chilled is a seemingly comfortable 70°F

(21 °C). Below that temperature , a diver wearing only

a swimming suit will lose heat to the water fasterthan

his body can replace it , and unless he is provided

with some protection or insulation , he may soon ex-

perience difficulties. A diver who is chilled cannot

work efficiently , nor think clearly, and is more subject

to decompression sickness.

Several factors contribute to the problem of main-

taining a diver's body temperature including - suit

compression , increased gas density, thermal conduc-

tivity of breathing gases, and respiratory heat loss .

The cellular neoprene wet suit loses a major portion

of its insulating quality as depth increases and the

material is compressed . A normal wet suit loses 60%

of its insulating quality at 33 feet when it is used at

165 feet. As a consequence it is often necessary to

employ a thicker suit , a dry suit , or a hot water suit for

extended exposures at greater depths.

The heat transmission characteristics of a gas are

directly proportional to its density. Therefore , heat

loss through gas insulating barriers and respiratory

heat lost to the surroundings increases with depth.

This situation is further aggravated when high thermal

conductivity gases, such as helium-oxygen (7 × air),

are used for breathing . The respiratory heat loss alone

increases from 10% of the body's heat generating

capacity at 1 atm , to 28% at 7 atm , to 50% at 21 atm

when breathing heliox . Under these circumstances

insulating materials are insufficient to maintain body

temperature, and supplementary heat (usually hot

water) must be supplied to the body surface and res-

piratory gas.

SUMMARY

These principles of physics provide the keystone in

understanding the reasons for employing various div-

ing techniques and procedures , and the operation of

associated equipment. They also assume particular

significance in studying the effects of the underwater

environment upon the human body.
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CHAPTER THREE

UNDERWATER PHYSIOLOGY

Physiology is the study of the functions and vital

processes of living organisms. Anatomy is the study

of the organization and structure of the body-the

housing in which the processes of physiology are

carried on. It is important for the diver to have a basic

understanding of his body and its vital processes so

that he will respect the increased demands that the

underwater environment imposes upon him . This

chapter presents a general discussion of the physiol-

ogyand anatomy necessary for this basic understand-

ing . It then expands these subjects to provide a

comprehensive understanding of how normal phys-

iology is affected by diving.

THE STRUCTURE OF THE BODY 3.1

The human body is a combination of interdependent

systems, each with certain specialized functions.

Those major systems which are of particular impor-

tance to a diver are-

SKELETAL

MUSCULAR

NERVOUS

CIRCULATORY

RESPIRATORY

DIGESTIVE/EXCRETORY

The skeletal system provides the basic structure

around which the body is formed : it gives strength to

the body and protection to the vital organs . Muscles

make the body move-every movement from the

blinking of an eye to pulling the whole body through

a long distance race . Additionally , they offer protec-

tion to the vital organs in the body . Some muscles are

controlled by conscious effort , while others perform

their functions automatically whether the person is

waking or sleeping , whether he is aware of their

activity or not.

The nervous system includes the brain , the spinal

cord and a complex network of nerves. It coordinates

all body functions and activities. The basic unit of

the nervous system is the neuron , a particular type

of cell which has the ability to transmit electro-

chemical signals, which relay data to and from the

brain, at speeds as great as 350 feet per second

There are about 10 billion neurons in the body, the

smallest of which are microscopic and the largestof

Skeletal

Circulatory

Figure 3-1

Brain

Oral/Nasal Cavity

Rib Cage

Lung

Respiratory

Heart

Kidneys

Digestive/Excretory

Nervous

Muscular

Man's physiological systems- included in this

partial cutaway view are elements of the various body systems .
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Chromatin

Cytoplasm

Golgi

Figure 3-2

Mitochondrion

Nuclear Membrane

Nucleolus

Cell Membrane

Cutaway of a typical cell-Although cells vary

greatly in shape all have three basic components : nucleus ,

cytoplasm and cell membrane .

which have fibers which reach all the way from the

spinal cord to the big toe.

All parts of the body-all of the bones, muscles ,

nerves, and vital organs- are made up of cells and

tissue fluids . There are many kinds of cells , but most

have a common characteristic : the ability to utilize

the energy derived from food in some useful way.

The process of converting food into energy can best

be described as a slow, flameless burning (oxidation)

of food materials when combined with oxygen in the

cell . Carbon dioxide is produced as a waste product .

Not all of the food provided to the cells , however, is

immediately converted into energy. Some of it is used

in building newtissue , and some is stored as a source

of future energy. The general term which is applied

to the processes by which the cells work with food

materials is metabolism .

Metabolic processes continue in the cells every

second of life , and for this a constant supply of food,

oxygen and various chemicals (enzymes) is required.

The digestive system converts food to a form that can

be transported to, and utilized by, the cells . Through

a combination of mechanical , chemical and bacterio-

logical actions, the digestive system reduces food

into soluble basic materials such as amino acids, fatty

acids, sugars and water. These materials diffuse into

the blood and are carried by the circulatory system

to all ofthe cells in the body.

The oxygen required for the metabolic process is also

carried in the blood . Oxygen is brought into the body

by the respiratory system , consisting of the lungs.

and the passages of the nose and throat through

which air reaches the lungs. As the lungs fill with air,

the oxygen diffuses into the blood . When blood

passes cells which need the oxygen, some of it will

diffuse out of the blood , through the tissue fluids sur-

rounding the cells and then through the membranous

wall of the cell itself.

Metabolism produces certain waste materials which

must be removed from the cells. Solid and liquid

wastes are dissolved in the blood as it flows pastthe

cells, and are carried to the kidneys where they are

filtered out. These wastes are then passed to the

bladder for temporary storage as urine. Carbon

dioxide and other gaseous wastes are carried bythe

blood to the lungs , where they are passed out ofthe

body as part of the exhaled breath .

The metabolism is influenced by the rate at which

the body needs energy. When a person sleeps , for

instance, his metabolic rate is low and respiration

and circulation proceed at a matching low level .

When body activity is increased , the respiratory and

circulatory level must also increase to supply more

food and more oxygen to the cells, and to remove the

greater quantity of waste materials .

THE INTERDEPENDENCE OF THE BODY

SYSTEMS 3.2

An interruption or disruption of one ofthe systems will

have some effect upon the rest of the body, but in

most cases the effect can be tolerated while the prob-

lem is being corrected . A broken bone or cut muscle,

for instance, may impair locomotion , but the bodywill

usually continue to function in an acceptable manner
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Figure 3-3

Femur

Lungs

Ribs

Heart

Spleen

Stomach

Hipbone

Thoracic and abdominal viscera shown in

relation to the skeleton .

while the basic metabolic processes work to repair

the damage . An injury to the nervous system might

be permanent , causing paralysis or blindness , but

the unaffected parts of the body may continue to func-

tion normally. The average person can live for sev-

eral weeks without taking in any new food supplies,

provided that the body is supplied with water to

carry off chemical wastes of metabolism . The body

cells will extract energy as necessary from stored

food materials already in the body.

However, the body is not very successful in handling

interruptions of the respiratory and circulatory sys-

tems . A person can function for only a few minutes

without breathing before the cells , deprived of a fresh

supply of oxygen , will begin to die . Those most im-

mediately affected will be the cells of the brain ,

which normally use 20% of the entire blood's oxygen

supply. Brain cells will begin to die in about four

minutes. If performed promptly, mouth-to-mouth re-

suscitation or the administration of 100% oxygen with

a resuscitator may restore respiration before cellular

damage becomes too widespread .

Major disruption of the circulatory system can have

an even more drastic and immediate effect on the

body. If the heart should stop beating , thus halting

the circulation of the blood , the cells in the brain will

suffer damage almost immediately. With this occur-

rence , all the systems of the body are threatened . The

pumping action of the heart can sometimes be re-

stored by heart massage , or electrical and chemical

stimuli, which to be effective , must be adminis-

tered immediately (See Chapter Eight, DIVING

EMERGENCIES) .

The respiratory and circulatory systems are so vital to

the body that anything which interferes with them can

result in serious problems. By its very nature, the

underwater environment poses continuing hazards to

respiration and circulation . A diver must have a

particularly thorough understanding of both the

anatomy and physiology of these two systems .

THE CIRCULATORY SYSTEM 3.3

The blood moves through a network of blood vessels ,

the largest ofwhich is about one inch in diameterwith

thick, muscular walls. The smallest are so slenderthat

10 of them together would equal the thickness of a

human hair.

The arteries are the largest and strongest ofthe blood

vessels, and always carry blood being pumped away

from the heart . Starting at the heart with the aorta

(the largest artery) , the arterial system divides and

re-divides into smaller arteries and then into the

arterioles (" little arteries") . The arterioles branch out

into the capillaries, the smallest and most numerous

of the blood vessels . The capillaries are distributed

throughout the body so that very few cells are more

than a fraction of a millimeter away from at least one

ofthem .
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Figure 3-6 The heart-A cutaway view illustrating the major

components and blood flow.
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The capillaries mark the end of the outward flow of

blood , and also mark the beginning of the return flow

toward the heart . This occurs through a system of

veins , starting with the smallest (the venules) which

merge into increasingly larger veins . The venous

system always leads toward the heart; at the end of

this network, the blood is channeled into the heart

through the largest vein , the vena cava .

The Heart 3.3.1 The heart is actually two pumps ,

side by side and completely separated from each

other by a dividing wall . The pump on the right side of

the heart takes the blood from the vena cava and

forces it through the lungs (the pulmonary circuit of

the blood) and then into the left side ofthe heart . From

there, the blood is pumped through the rest of the

body (via the systemic circuit) and eventually back

into the right side of the heart . The average heart is

about the size of a clenched fist. It sits in the chest,

just slightly to the left of center, where it is nestled in

the lungs and protected by the breastbone (the ster-

num) and ribs.

Each half of the heart-each pump- has two cham-

bers. The upper chamber, or atrium , receives the

incoming blood and passes it down to the lower,

more muscular chamber, the ventricle. Both ventricles

-left and right- contract at the same time to force

the blood out through the circulatory system . Special

valves in the heart prevent the blood from flowing in

the wrong direction .

Blood has four main componentsThe Blood 3.3.2

-50% fluid plasma

-45% red cells (erythrocytes)

5% white cells ( leukocytes)

and platelets (thrombocytes)

Plasma is a yellowish solution , 92%water, that carries

the red and white cells , as well as a number of other

substances. These include basic nutrients, various

chemicals, special proteins and hormones , and some

quantity of dissolved gas . The 25-trillion red cells in

the blood carry the bulk of the oxygen to the body

cells, where they exchange it for carbon dioxide.

Some oxygen is dissolved in the plasma, but the

quantity is so small that it cannot support the needs of

the body. The oxygen transport is made possible

Figure 3-7

A

D

B

Gas is diffused across air spaces A and B to and

from the red blood cells C and D , which are moving through a

Dulmonary capillary.

because of a substance contained in the red cells

which has a particular affinity for oxygen. This is

hemoglobin, an iron-rich compound which forms a

loose chemical bond with oxygen in the lungs, and

releases the oxygen to the cells of the body as

required. When the hemoglobin is enriched with

oxygen, it is bright red in color. As the oxygen level is

reduced, the color changes to a dark, dull and almost

bluish hue.

Carbon dioxide is carried by the blood in several

different ways . About one half of it is dissolved in the

plasma, and the remainder enters into a chemical

combination with the hemoglobin . Upon reaching the

lungs, the hemoglobin instantly gives up its share of

carbon dioxide in exchange for oxygen.

There are several types of white cells , but each type

works to keep the body free of infection by attacking

and consuming invading bacteria. The white cells are

outnumbered by the red cells on the order of 700 to 1 .

However, when faced with an infection the body

produces additional white cells so rapidly that the

number in the system may double within a few hours.

Thethird type of cell in the blood isthe platelet, which

is involved in the clotting process .

UNDERWATER PHYSIOLOGY
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Circulatory Rate 3.3.3 The average body con-

tains a fairly constant quantity of blood , about 40cc/

pound of lean body weight. However, the amount of

blood pumped through the heart in any given period

will varywith the needs ofthe body. In an average day,

the heart may actually pump more than 7,200 liters

of blood .

Cardiac output is a measure of the amount of blood

pumped by the heart in a stated period of time , usually

expressed in " liters per minute . " With the body at rest,

the heart may beat 60 to 70 times a minute and the

cardiac output might be 5 liters per minute . With the

body engaged in hard work, this rate may reach 150

beats per minute with a cardiac output of 35 liters per

minute . The heart not only beats faster , but it also

enlarges to handle a greater volume with each beat.

The heartbeat rate is controlled by a small section of

nervelike tissue located in the right atrium - the sinus

node. This is the " pacemaker" of the heart, regularly

sending a small electrical impulse through the heart

muscle, causing it to contract.

-

Blood Pressure 3.3.4 Every beat of the heart

sends a surge of pressure through the circulatory

system a surge which is great at the heart and

gradually diminished in force as it spreads through

the body. This surge can be seen or felt , as the pulse ,

in those arteries which are near the surface of the skin .

The pulses can be counted , to determine the rate of

heartbeat and pulse pressure can be measured to

determine the force of the heartbeat . Blood pressure

fluctuates with each beat of the heart. It is at a low

level when the heart is relaxed , and at a higher level

when the heart has contracted , forcing a volume of

blood into the system . A pressure reading at the low

level is called the diastolic pressure , and at the high

level , the systolic pressure .

This pressure is measured in millimeters of mercury

and is expressed as " systolic over diastolic." A

normal reading for a young man at rest might be

about 120/80 - a systolic pressure of 120mm Hg and

a diastolic reading of 80mm Hg . Both pressures

would increase during periods of exertion or excite-

ment, but should soon return to normal with the body

relaxed and at rest.

Control of Blood Flow 3.3.5 If a man is running ,

the muscles in his legs will be working harder than

those in other parts of his body and will need a

greater supply of blood . Certain mechanisms in the

circulatory system help to ensure that these working

muscles will receive the necessary supply. Capil-

laries and some arteries have the ability to dilate , in-

creasing their diameter and thereby effectively direct

a greater proportion of the blood supply to the exer-

cising muscles. Mechanisms which come into playin

some forms of shock lead to a decrease in blood flow

through certain organs, thereby protecting the brain

and heart at the expense of the less-important

extremities .

Cardiac rate and the diameter of some blood vessels

in the muscles are increased by a substance secreted

in the adrenal glands -adrenaline . The pounding of

the heart which follows a sudden fright , for example,

is caused by a boost in the quantity of adrenaline in

the system , giving the body the extra surge of blood

it would need for action .

Fainting and Shock 3.3.6 On occasion, physical

or psychological stress may bring about a temporary

lowering of the blood pressure to a point where the

brain may not be receiving enough blood . When this

happens, a person will feel light-headed, may sud-

denly feel very weak and may even faint- that is,

loose consciousness and fall . Usually, he will revive

quickly when the flow of blood to the brain more.

nearly approaches normal . Falling down is in itself a

corrective action , since , by lowering the head in

relation to the heart , it permits more blood to reach

the brain in spite of the reduced pressure .

Shock is a serious condition brought about by

hemorrhage, severe burns , or other situations which

radically lower the blood pressure or allow the actual

loss of blood or blood fluids to a point where pressure

and flow cannot be maintained in the circulatory

system . Not only the brain , but all of the tissues of the

body might be affected . A particular danger in an in-

stance of shock is that there may have been no visible

loss of blood or fluids (as when hemorrhaging is

internal ) and the victim might seem merely to

have fainted .
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Figure 3-8 The lungs ' gas-exchange system is essentially

three pumps. A gas pump , the thorax, moves air through the

trachea and bronchi to the lungs ' air sacs. These sacs , the

alveoli , are shown with and without their covering of

pulmonary capillaries .

The heart's right ventricle , a fluid pump, moves blood which

is low in oxygen and high in carbon dioxide , intothe

pulmonary capillaries . Oxygen , from the air is diffused into the

blood while carbon dioxide is diffused from the blood into the

air in the lungs . The oxygenated blood moves to the left

ventricle , another fluid pump , which sends the blood to the

systemic capillaries which deliver oxygen to and collect carbon

dioxide from the body's cells.
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RESPIRATION 3.4

Respiration is usually thought of in terms of " breath-

ing " only, but it actually includes the utilization of

oxygen and the various exchanges of gas which take

place throughout the body as part of the metabolic

process . For clarification , breathing is sometimes

called "external " respiration , and the other aspects

are identified as " internal" respiration .

The respiratory system is comprised of those parts of

the body which are involved in the process of breath-

ing: the lungs , the air passages leading to the lungs ,

and the rib cage , diaphragm and other muscles

which help produce the movement of air into and out

of the lungs.

The lungs can be thought ofas being two elastic bags

containing about 300 million distensible air sacs, or

alveoli . The alveoli present a large , moist surface

area to facilitate the exchange of gas between the

blood in the lung capillaries, and the breathing

mixture which has reached the alveoli .

Air travels to the lungs through the nasal passages

and the mouth by way of the trachea (the main wind-

pipe) which divides into the right and left bronchi .

These tubular passages in turn divide into smaller

bronchi, which themselves branch off into innumer-

able bronchioles, feeding air into the alveoli .

Breathing 3.4.1 Breathing is the result of a com-

bined movement of the rib cage and the diaphragm ,

which increases or decreases the volume of the chest

cavity. For inspiration , the ribs are raised and the dia-

phragm (which forms the bottom of the chest cavity) is

lowered. In accordance with Boyle's Law, the pres-

sure in the chest is decreased as the volume is in-

creased, and air from outside the body- since it is at

a relatively higher pressure -will move into the lungs .

When the rib cage is lowered and the diaphragm

raised , the volume is decreased and air is forced out

of the lungs . However, no matter how hard a person

might try, he will not be able to expel all of the air in

his lungs . A residual volume of from 1 to 1.5 liters

will always remain .

There are certain other terms used in measuring the

capacity and activity of the lungs, with which a diver

should be familiar —

Tidal volume is the amount of air moved in and out of

the lungs during a single breathing cycle . Tidal

volume may vary from breath to breath , and will

usually range from about 0.5 liter when a person is at

rest and breathing easily, to more than 2 liters when

working and breathing heavily.

Vital capacity of the lungs is the greatest amount of

air which can be moved in and out of the lungs in a

single breath . It is measured by starting with the

largest possible inspiration and then forcing out as

much of the breath as possible , leaving only the

residual volume . The vital capacity of the average

man is between 4 and 5 liters.

Respiratory rate is the number of breathing cycles in

one minute . A normal , average rate would be between

10 and 20 cycles per minute.

Respiratory minute volume (RMV, or minute volume)

is the total volume of air moved in and out of the

lungs in one minute . It is computed by multiplying the

tidal volume by the respiratory rate . Since both of

these factors are variable, RMV will vary (governed

by the rate of activity) and can range from about 6

liters per minute to more than 100 liters per minute .

Inspiratory reserve volume measures the amount of

air that can be forcibly added to the lungs after taking

in a normal breath . Similarly, expiratory reserve

volume is the amount of air that can be forcibly ex-

pelled after a normal expiration . These two reserve

volumes will vary with the tidal volume ; and , tidal

volume plus both inspiratory and expiratory reserve

volume will equal the vital capacity.

Respiratory dead space is that fraction of a breath

which does not reach the alveoli and therefore does

not participate in the gas exchanges in the lungs.

This would include air remaining in the mouth , and

the other air passages, which is brought in at the

end of a breath and is pushed out ahead of the

"used" air. The amount of dead space usually makes

up about one-third of the tidal volume in normal ,

relaxed breathing .

Certain parts of a diver's apparatus , such as a mouth-

piece or a full -face mask, can substantially add to the

dead space, reducing the portion of the tidal volume

which can actually be used in respiration . To com-
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1 Breath Cycle

Work

+

Inspiratory Reserve Volume
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Respiratory Rated
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Expiratory Reserve Volume
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RMV-Tidal Volume x Cycles/Minute

Range 6 to 100 Liters

pensate for this, the diver must bring in more air with

each breath . (The problem can best be visualized by

using a breathing tube as an example . If the tube

contains one liter of air, a normal exhalation of about

one liter will leave the tube filled with used air from

the lungs. At inspiration , this used air will be drawn.

right back into the lungs unless the tidal volume

is increased by one liter , to draw in the needed

fresh supply. )

The air which reaches the alveoli is called alveolar

air, to distinguish it from the air in the dead space.

Alveolar air has a slightly different composition than

air as finally exhaled from the body, which will have

been mixed with the essentially unused air in the

dead spaces during expiration .

The Breathing Cycle 3.4.2 Before air ever

reaches the lungs , it will have been heated , moistened

and cleansed of foreign particles and bacteria while

being drawn across the moist mucous lining of the

nasal passages . These processes help to protect

the delicate tissues of the lungs from the injury

and disease .

Once the air moves into the lungs , it comes into con-

tact with the walls of the alveoli . Here, it is separated

from the blood circulating in the lungs only by the

membranous walls of the alveoli and the capillaries.

The oxygen, driven by its relatively high partial pres-

sure in the lung, is quickly dissolved by the moist

lining of the alveoli and diffused through the mem-

branes into the blood . The partial pressure of oxygen

in the blood entering the lungs is relatively low,

because much of the dissolved oxygen has previously

been consumed in the various cells .

At the same time , the partial pressure of the carbon

dioxide in this blood is high relative to that in the

lungs, and a quantity of carbon dioxide will quickly

diffuse into the area of lower partial pressure in

the alveoli .

Example-

At atmospheric conditions , the partial pressure of

oxygen in the blood entering the lungs is about 40

mm Hg (0.0526 atm ) , and the partial pressure of the

carbon dioxide is about 46 mm Hg (0.0605 atm ) . The

partial pressures for these two gases in the inspired
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air are about 158 mm Hg (0.208 atm ) and 0.30 mm Hg

(0.0004 atm ) respectively; obviously, the partial

pressure gradients of each gas are high and diffu-

sion into and out of the blood will proceed almost

instantaneously.

The partial pressures in alveolar air are almost the

same as those for blood leaving the lungs since the

exchanges of gas take place so rapidly that the

composition of the inspired air is changed as it

reaches the walls of the alveoli . This alveolar air,

mixed with unused air in the respiratory dead spaces

on the way out ofthe body, then becomes expired air.

This has partial pressures of about 116 mm Hg (0.153

atm) for oxygen and 28.5 mm Hg (0.0376 atm) for

carbon dioxide .

Oxygen Consumption 3.4.3 The concentration of

oxygen and carbon dioxide in arterial blood is rela-

tively constant, whether the body is at rest or atwork,

and is primarily determined by the partial pressures

of the gases in the alveoli . When a working body

requires greater quantities of oxygen , the additional

supply is provided by an increase in the cardiac out-

put. A corresponding increase in the respiratory

minute volume provides more fresh air to match the

larger flow of blood moving through the lungs .

Agood measure ofwork-rate is oxygen consumption .

This reveals the amount of oxygen actually being

taken into the system and used . Oxygen consump-

tion may vary from 0.25 liters per minute for a man at

rest to more than 3 liters per minute when doing hard

work (Figure 5-28) . A trained athlete or a man in ex-

cellent physical condition can briefly maintain a rate

of more than 4 liters per minute . It is also possible for

a man to consume more oxygen than he can inspire

for very brief periods , but in so doing he will build up

an oxygen debt . His work-rate must soon be reduced

to repay this debt and bring the levels of oxygen in

the blood and tissues back to normal .

The number of molecules of oxygen actually con-

sumed bythe body in a period oftime is not influenced

by depth , although the volume of the gas will vary

with the depth (in accordance with Boyle's Law). A

man who is working hard enough to consume 2 liters

of oxygen per minute at the surface would consume

only 1 liter as measured at a depth of 33 feet ( 10)

meters) but he would still be using the same number

ofmolecules. In order to permit accurate comparisons ,

oxygen consumption should be expressed in terms of

volumes measured under "standard conditions." One

set of standard conditions is 0°C, 760 mm Hg baro-

metric pressure, and dry gas-designated by the

abbreviation STPD (Standard Temperature and Pres-

sure , Dry) . Since the actual measurements are often

made with expired gas, which is at body temperature

and saturated , the measurements might be so iden-

tified by the abbreviation BTPS (Body Temperature ,

atmospheric Pressure , Saturated gas).

Carbon Dioxide Output 3.4.4. The production of

carbon dioxide closely follows the consumption of

oxygen . For every liter of oxygen consumed , a man

will produce close to a liter of carbon dioxide . Just

as with oxygen consumption , the volume occupied

by the gas molecules will vary with depth . The actual

number of molecules involved does not vary with

depth.

The relationship between the amount of carbon diox-

ide produced and the amount of oxygen consumed

can be expressed as a ratio called the respiratory

quotient.

Respiratory quotient =

CO2 produced

O2 consumed

This can range from 0.7 to 1.0, depending upon a

man's diet and the rate at which he is working. The

average value for a working diver is about 0.85 , which

means that for every liter of oxygen consumed , 0.85

liters of carbon dioxide is produced.

Ventilation 3.4.5 The amount of air that a man

must move in and out of his lungs is closely related to

his oxygen consumption and carbon dioxide produc-

tion . Under normal conditions on the surface, and

under usual diving conditions (where the partial pres-

sure of oxygen has been increased) , a man's breath-

ing rate will be determined primarily by his need to

eliminate excess carbon dioxide . He could reduce his

breathing rate and still get enough oxygen , but this

might not remove sufficient quantities of carbon

dioxide. To properly ventilate his lungs and the dead

spaces of his equipment, an adequate flow of fresh

air (measured at bottom conditions) is required .
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The supply of air required for adequate ventilation of

the lungs of a working diver can be calculated in

advance, based on a general knowledge of the

anticipated work-rate , the type of apparatus he will

be using , and the amount of carbon dioxide in the

breathing supply.

Control of Breathing 3.4.6 Respiratory centers

in the brain, sensitive to the level of carbon dioxide

and acid in the blood , control the rate and volume of

breathing . If these levels become too high the centers

trigger an increase in breathing which will move a

greater volume of air through the lungs until the

carbon dioxide and acid levels are returned to normal .

Other sensing devices in the body, called peripheral

chemoreceptors , monitor the level of oxygen and

carbon dioxide in the blood leaving the lungs. When

the oxygen partial pressure falls , the chemoreceptors

send impulses to the respiratory center, signalling

the need for an increase in breathing . However, a low

oxygen level , by itself, may not increase the breath-

ing rate until a dangerously low oxygen partial pres-

sure has been reached .

Breathing rate and volume may also be influenced by

factors other than those noted above. For example,

exercise, heat, anxiety or other emotional states may

trigger increases.

Breathholding and Hyperventilation 3.4.7 Most

people can hold their breath between one and two

minutes, but usually not much longer without training

or special preparation . At some point during a breath-

holding attempt , the desire to breathe will become

so intense that it can no longer be forestalled . This

demand is signalled by the respiratory center re-

sponding to the increasing levels of carbon dioxide

and acids in the blood , and by the chemoreceptors

responding to the corresponding fall in the level of

oxygen and rise in arterial carbon dioxide.

The repeated practice of breathholding to achieve an

increase in time probably has as positive an effect on

the will power to resist the demand to breathe, as it

does on actually improving any physical capacities .

However, the length of time that a man can hold his

breath can be dramatically extended by two methods

which are frequently used by free divers . These are
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hyperventilation and breathing pure oxygen just

before a dive .

Hyperventilation is breathing more than is necessary

to eliminate the carbon dioxide produced by the

metabolism. By over-ventilating the lungs , the free

diver reduces the partial pressure of carbon dioxide

in the blood below a normal level , and can therefore

hold his breath longer while the carbon dioxide level

is building up to the point at which the respiratory

centerwill force resumption of breathing . The practice

of hyperventilation should be approached with cau-

tion , since the carbon dioxide level provides the

stimulus to breathe and causes the diver to feel

air hunger.

If the carbon dioxide stores are ventilated below the

stimulus level , there is little stimulus to breathe . While

the period of breathholding is being prolonged be-

causethe diver experiences no discomfort , the oxygen

partial pressure will progressively fall . Since low

levels of oxygen do not force a powerful demand to

resume breathing , the level of oxygen in the blood

may reach the point at which the diver will lose con-

sciousness before he feels a demand to breathe .

Hyperventilation can be unintentional as well as

voluntary. It may be triggered by anxiety, and it can

be experienced by normal individuals in any stress

situation . For example , a diver using SCUBA for the

first time is likely to hyperventilate to some extent

because of his natural anxiety.

Hyperventilation can also cause hypocapnia , a con-

dition resulting from low levels of carbon dioxide in

the blood leaving the lungs . Symptoms of hypocapnia

range from lightheadedness and a tingling sensation.

to muscular spasms and perhaps even loss of con-

sciousness . The opposite condition to hypocapnia is

hypercapnia, resulting from an excess of carbon

dioxide when ventilation is inadequate (See Section.

3.4.10).

Free divers who hyperventilate and breathe pure oxy-

gen before a dive have markedly increased times for

their dives. The breathing of oxygen puts a high con-

centration ofthe gas in the lungs which , in turn , keeps

a safe quantity of oxygen in the blood for a longer

period of time than if the lungs were filled with air. The

current world record for underwater breathholding ,

achieved with the aid of these techniques , is more

than 13 minutes . However, any diver should approach

the use of such methods with extreme caution and do

so only under competent supervision .

One of the greatest hazards of deep free diving isthe

possible loss of consciousness during ascent. Oxy-

gen in the lungs during descent is compressed , and

the partial pressure readily satisfies the body's oxy-

gen demand during descent and while on the bottom,

even though a portion is being consumed bythe body.

During ascent , however, the partial pressure of the

remaining oxygen is reduced as the hydrostatic pres-

sure on the body lessens . If the partial pressure drops

below 0.16 atm . , unconsciousness may result with its

attendant dangers . This danger is further heightened

when hyperventilation has eliminated normal body

warning signs , and may occur even with prior oxygen

breathing if the underwater stay is lengthy.

Breathing Resistance 3.4.8 The capacities of a

diver's heart and lungs limit the workload that he can

maintain . This limit will be reduced by any factor

which decreases the effectiveness of his breathing or

which makes it harder for him to breathe , whichwould

necessarily absorb a portion of his available energy.

The characteristics of the diving environment and the

diving equipment will directly influence breathing

effectiveness . Factors of particular importance are-

1 .

2.

If the source of air is at a pressure lower than

the pressure at the diver's lungs , he will have to

exert energy to pull the air into his lungs . For

example: if the demand regulator on an open-

circuit SCUBA is located on the tanks (at the

back of the diver's neck) , it will be working un-

der a lower pressure than his lungs (when he is

swimming horizontally) . While the pressure dif-

ference is not great (equal to about 15 cm of

water, or about 1/4 psi) , the diver will still have to

establish sufficient additional negative pres-

sure in his lungs in order to draw air through the

valve. If the regulator were placed below his

chest (where it would be under slightly higher

pressure) , inhalation would be easier but exha-

lation would require more effort .

Excessive dead space contributes to the

breathing effort by increasing the volume of
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3.

4.

gas which must be moved with each breath in

orderto properly ventilate the lungs .

Equipment design may induce excessive resis-

tance to the passage of breathing gas.

Increased density of the air when under pres-

sure requires more effort to move it through the

breathing apparatus and through the respiratory

passages of the body than would be needed on

the surface .

Hypoxia 3.4.9 The term hypoxia applies to any

situation in which the tissue cells fail to receive or uti-

lize enough oxygen . Hypoxia can result from such

factors as-

1.

2.

3.

4.

5.

6.

Blockage or restriction of breathing as in ob-

struction of airway or asthma

Inadequate oxygen in the breathing mixture

Diseases of the lungs which inhibit diffusion of

oxygen from the alveoli to the blood

Conditions in the blood (such as anemia or car-

bon monoxide poisoning ) which interfere with

the transport ofoxygen

Circulatory impairment

Toxic conditions which prevent the cells from

properly using the oxygen they receive

In dramatic instances , such as a complete loss of

the air supply or a blockage of the trachea, the diver

will immediately be aware of the problem and can

try to correct the situation . However, any corrective

action must be initiated at once , as the onset of hy-

poxia will be sudden and severe, leading rapidly to

unconsciousness.

Other causes of hypoxia are more subtle , and the

developing situation may go undetected by the

diver himself. Additionally, since the brain is the first

part of the body affected by hypoxia , the first symp-

toms may be similar to those of alcoholic intoxica-

tion , giving the diver a false sense of security or

a feeling of euphoria as he proceeds on to

unconsciousness .

The partial pressure of oxygen in the breathing mix-

ture must remain above 0.16 atmospheres or hypoxia.

will be likely . The probable symptoms experienced

with lower partial pressures are-

0.14 ata-first symptoms (drowsiness , inability to

think clearly, lack of fine -muscle control)

0.12 ata- discomfort, rapid breathing

0.10 ata-some people will lose consciousness

0.06 ata- anyone will be unconscious; below this

level , death may quickly ensue.

A diver can be supplied with a breathing mixture that

has a lower percentage of oxygen than air, if the par-

tial pressure of the oxygen at the operating depth will

be maintained at 0.16 ata or higher. Breathing a mix-

ture with 5% oxygen at 30 meters (4 ata) would be

almost equivalent to breathing air at the surface (5%

x 4 ata = 0.20 ata pp O2) . However, when a diver

breathing such a mixture starts to ascend , the oxygen

percentage must be increased to maintain an ac-

ceptable partial pressure or he will quickly become

hypoxic , might lose consciousness and could die.

With the onset of hypoxia , certain regulatory mecha-

nisms in the body will attempt to offset the shortage of

oxygen by increasing the rate of blood supply. The

resulting higher pulse rate, blood pressure and (pos-

sibly) increased breathing rate may help the situation .

These changes may also serve as warning signs to a

diver who otherwise might not be aware of the grad-

ually developing symptoms of hypoxia.

The shortage of oxygen in the hemoglobin produces

one visible sign of hypoxia; a general blueness (cya-

nosis) of the lips , nail beds and skin . Unfortunately ,

this is not likely to be noticed by the diver while at

work and is not a reliable indicator of hypoxia even for

the trained observer at the surface . The same sort of

signs could be caused merely by prolonged exposure

in cold water; and , conversely, ifthe hypoxia is caused

by carbon monoxide poisoning (see Section 3.4.12)

these parts ofthe body will tend to be redder in color

than normal .

Since a particular danger of hypoxia is the inabilityto

detect and diagnose the problem , prevention is an

essential measure . The diver must know his oxygen

requirements, and must ensure that these require-

ments will be met at all times throughout the dive.

Hypoxia is treated in the same manner as any serious

interruption of the breathing process-
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-administer oxygen or provide sufficient fresh air

- clear any obstructions from the airway, if necessary

-administer appropriate resuscitation , if necessary

If treatment is timely, recovery is usually prompt and

complete. If treatment is delayed or ineffective , dam-

age to the brain cells can be permanent and death

may result . (See Chapter Eight, DIVING EMERGEN-

CIES, for more detailed information on the treatment of

this and other emergency situations.)

Excessive Carbon Dioxide 3.4.10 In diving op-

erations , an excess of carbon dioxide in the tissues

(hypercapnia) is generally the result of a build-up of

carbon dioxide in the breathing supply or in the body

as a result of-

-inadequate ventilation

-failure of CO2 removal equipment (as in a closed or

semiclosed SCUBA)

-increased CO2 production during work or while.

under stress

-contamination of the breathing mixture

It has also been found in diving that carbon dioxide

concentrations in the body which stimulate increased

respiration are higher than normal . This rise in thres-

hold level increases the hazard of hypercapnia and is

most pronounced in the following situations-

-diving on air

-exertion while diving on air

— excessive resistance to breathing or excessive work

of breathing

- inadequate respiratory drive to CO2 is more typical

of divers than non - divers

The mostcommon source of hypercapnia is the diver's

own metabolic processes, and the most common

cause is the failure to properly ventilate the breathing

apparatus . On occasion , through improper breath-

ing techniques, a diver can even poison himselfby

inadequate ventilation of his own lungs . This can hap-

pen for example when a diver , trying to conserve his

breathing supply, reduces his breathing rate below a

safe level.

An excess of carbon dioxide has different chemical

effects on the brain than does hypoxia, but it can re-

sult in similar symptoms such as confusion , an in-

abilityto think clearly , loss of consciousness and gen-

eralized convulsions which may be confused with

oxygen poisoning . Serious and long -lasting damage.

is not as likely with carbon dioxide poisoning as with

hypoxia, and a diver who has lost consciousness

solely because of excess carbon dioxide can usually

be revived by adequate ventilation with fresh air.

Breathing an excess of carbon dioxide may increase

the possibility of decompression sickness , and will

speed the onset of oxygen poisoning.

The warning signals of approaching hypercapnia are

likely to be more serious to the diver than the usual

symptoms of hypoxia . The increasing level of carbon

dioxide in the blood stimulates the respiratory center

to increase the breathing rate and volume , and the

rate of heartbeat is often increased . However, var-

iables such as work-rate , depth and the composition

of the breathing mixture may produce changes in

breathing and blood circulation which could mask

any changes caused by hypercapnia . For this reason,

a diver must be particularly alert for such changes,

and any marked change in his breathing comfort or

cycle (such as shortness of breath or panting ) must

be taken as a warning .

Asphyxia and Strangulation 3.4.11 If a diver

stops breathing entirely, or if he is breathing an at-

mosphere that is low in oxygen and high in carbon.

dioxide, he will soon become both hypoxic and hyper-

capnic. The term used to describe the presence of

both conditions is asphyxia.

Hypoxia and hypercapnia do not always occur to-

gether. However, when hypoxia becomes severe

enough to halt breathing , carbon dioxide will rapidly

build up in the body and the resulting condition will

be asphyxia.

A stoppage of breath due to injury or obstruction of

the air passages is known as strangulation . This is a

condition which has little to do with the nature of the

breathing mixture , and can be caused by such factors

as a crushing injury to the trachea or a laryngeal

spasm . The tongue of an unconscious person may fall

back into his throat, blocking the intake of air. Other

causes of strangulation may include inhaled water,

saliva or vomitus , or an airway obstruction caused by

a foreign object such as food , chewing gum or a false

tooth . A strangulation victim will often struggle vio-
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lently, even if unconscious, in an attempt to breathe.

Asphyxia is inevitable if uncorrected and brain dam-

age and death will follow within a few minutes (See

Section 8.2.1 , Chapter Eight) .

CarbonCarbon Monoxide Poisoning 3.4.12

monoxide is not found in any significant quantity in

fresh air. When it does pollute the breathing supply

(usually from engine exhaust in proximity to the com-

pressor intake) , even a concentration as low as .002

atmospheres can be fatal . Carbon monoxide is so

highly toxic because it combines with hemoglobin

200 times more readily than does oxygen , displacing

large quantities of oxygen and rapidly bringing about

hypoxia. A concentration of carbon monoxide as low

as .001 atmosphere will replace one-half of the oxy-

gen which would normally be carried by the hemoglo-

bin, even though the lungs may contain a normally

ample supply of oxygen . Carbon monoxide poisoning

also depends on the duration of exposure to the gas;

very low levels breathed over a period of time can

have the same effect as breathing higher levels over

a short period.

The symptoms of carbon monoxide poisoning are al-

most identical with those of hypoxia , since it is in fact

a condition of hypoxia caused by an interference with

the normal transport of oxygen in the blood . One major

difference , however, is that the victim will not display

the blueness (cyanosis) that is typical of hypoxia .

When combined with carbon monoxide, hemoglobin

is even a brighter red than when combined with oxy-

gen, and will bring an unnatural redness to the lips,

nail beds and skin.

If the onset ofthe poisoning is gradual , the diver may

experience a tightness across the forehead , head-

ache and pounding at the temples, and , occasionally,

nausea and vomiting . The usual symptoms of hypoxia

-including confusion and disorientation- are not

likely to be apparent to the diver.

A particularly treacherous factor in carbon monoxide

poisoning is that conspicuous symptoms may be

delayed until the diver begins to surface . This is be-

cause, while at the depth , the greater partial pressure

of oxygen in the breathing supplywill force more oxy-

gen into solution in the blood plasma . Some of this

additional oxygen will reach the cells, and some of

it may forcibly displace carbon monoxide from the

hemoglobin . During ascent, as the partial pressure of

oxygen diminishes, the full effect of the carbon mon-

oxide will be felt.

Carbon monoxide poisoning is treated in much the

same manner as any respiratory problem ; by provid-

ing quantities of fresh , pure air. However, if available,

the administration of 2 atmospheres of pure oxygen

is the treatment of choice. The additional oxygen will

increase the amount of oxygen reaching the tissues

in spite of the inactivated hemoglobin , and will also

speed the rate at which the hemoglobin is purged of

the carbon monoxide and returned to normal.

Breathing fresh air should eliminate most of the car-

bon monoxide from the blood , in a moderate case of

poisoning, in a few hours . Breathing oxygen at in-

creased pressure may substantially reduce this time.

BODY TEMPERATURE AND HEAT

LOSS 3.5

Next to decompression , thermal problems arising

from exposure to cold water pose the major

consideration in operational dive planning and the

major consideration in equipment selection . The

working diver commonly experiences continuous heat

loss during immersion and often expects to be

uncomfortably chilled at the end of a dive . Bottom

times may be determined more by the diver's cold

tolerance than by decompression considerations.

Rewarming before a repetitive dive can be as

important as the calculation of residual nitrogen in

repetitive diving .

The human body functions effectively within a

relatively narrow range of internal temperature . The

average , or " normal" level of 98.6° F (37°C) is

maintained by natural mechanisms of the body , aided

by artificial measures such as the use of protective

clothing or air conditioning when external conditions

tend toward extremes of cold or heat.

The metabolic processes of the body constantly

generate enough heat each hour to warm 2 liters of

ice cold water to body temperature , and during heavy

work more than 10 times as much heat may be

generated . If this heat were allowed to build up inside

the body , it would soon reach a high enough level to
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actually damage the cells (approximately 105° F,

41 °C) . In order to maintain internal temperatures at

the proper level , the body must lose heat equal to the

amount it produces .

Heat transfer is accomplished in several ways . The

blood , circulating through the body, picks up excess

heat and carries it to the lungs where some of it is lost

with the exhaled breath . Heat is also transferred to

the surface of the skin , where much of it is dissipated

through a combination of conduction , convection , and

radiation . Moisture released by the sweat glands

cools the surface of the body as it evaporates ,

facilitating the transfer of heat from the blood to the

surrounding air . If the body is working hard , and

therefore generating greater than normal quantities of

heat, the blood vessels nearest the skin will dilate to

permit more of the heated blood to reach the body

surfaces , and the sweat glands will increase their

activity.

If the surrounding air is hot , the rate of heat transfer

will be slower than in cool air , and if the humidity is

high, evaporation of moisture from the skin will be

greatly inhibited . For these reasons , a man cannot do

as much work on hot , humid days as on cold , dry

days.

The maintenance of proper body temperature is

particularly difficult for a diver working under water. In

warm tropical waters (above 86 ° F , 30°C) , the cooling

systems of the body will be ineffective and a working

diver may find himself approaching a state of heat

exhaustion . High temperature waters are the

exception in diving , however , and the principal

temperature control problems encountered by divers

involve keeping the body warm . The high thermal

conductivity of water , coupled with the normally

cool-to-cold waters in which the diver operates , can

result in rapid and excessive heat loss .

Entry into cold water is itself a shock that can distract

the diver. The same is true whenever he experiences

a sudden drop in skin temperature , such as when

movement brings cold water into a wet suit or when a

dry suit leaks . If a man with no thermal protection at

all is suddenly plunged into very cold water , the

effects are immediate and rapidly disabling . There is a

gasping response and a period of increased

respiratory rate and an increased tidal volume. The

breathing is rapid , with breathing control involuntary,

so the swimmer cannot coordinate his breathing and

swimming movements . This lack of breathing control

makes survival in rough cold water very unlikely. In

freezing water , collapse from exhaustion occurs in

1-5 minutes , depending on the fatness of the

swimmer.

A water temperature of approximately 91 ° F (33 °C) is

required to keep a man at absolute rest at a stable

temperature . In water temperatures below 72°F

(23°C) , the unprotected diver will be affected by

excessive heat loss and become chilled within a short

period of time . As the body temperature is reduced ,

he will first feel uncomfortable and then , as his body

tries to increase heat production in the muscles, he

will begin to shiver . If cooling continues , his ability to

perform useful work may become seriously impaired .

The hands lose dexterity and the sense of touch is

dulled . As shivering intensifies , it brings on a general

lack of coordination and it may even be difficult for a

SCUBA diver to keep his mouthpiece in place. It

becomes increasingly difficult to concentrate , and the

ability to think clearly is soon lost .

At extremely low temperatures , or with prolonged

immersion , body heat loss will reach a point at which

death will occur . In water at 42 ° F ( 6 ° C) , an unclothed

man of average build will become helpless within 30

minutes and will probably die within an hour.

Appropriate dress can greatly reduce the effects of

heat loss , and a diver with proper dress can work in

very cold water for reasonable periods of time.

The ability of the body to tolerate cold environments is

due to natural insulation and the body's built- in means

of heat regulation . Usually, the body temperature is

thought of as being 98.6 ° F (37 °C) , but in fact the

temperature is not uniform throughout the body. It is

more accurate to consider the body with an inner core

where a constant or uniform temperature prevails ,

and a superficial region , through which a temperature

gradient exists from the core to the body surface .

Over the trunk of the body , the thickness of the

superficial layer may be approximately 1 inch (2.5)

cm ) . The extremities become a superficial insulating

layer when their blood flow is reduced to protect the

core .
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Once in the water , man becomes largely dependent

on internal mechanisms to limit the loss of body heat if

no supplemental heating is provided . Heat loss

through the superficial layer is lessened by the

reduction of blood flow in the skin . This automatic ,

cold-induced vasoconstriction (narrowing of the blood

vessels) lowers the heat conductance of the

superficial layer and acts to maintain the heat of the

body core . Unfortunately , vasoconstrictive regulation

of heat loss has only a narrow range of protection .

When the extremities are initially put into very cold

water, vasoconstriction occurs and the blood flow is

cut off to preserve body heat . After some time ,

however , the blood flow increases and fluctuates up

and down for as long as the extremities are in cold

water . As circulation and heat loss increase , the body

temperature falls and may continue falling even

though heat production is increased by shivering . This

effect , called cold vasodilation , occurs only in water

colder than 50 ° F ( 10 °C) , and appears to be caused

primarily by direct cold paralysis of the blood vessels

in the skin .

Much of the heat loss in the trunk area is transferred

over the short distance from the deep organs to the

body surface by simple physical conduction , which is

not under any physiological control . Most of the heat

lost from the body in moderately cold water,

therefore , is from the trunk and not from the limbs.

Heavy-set men lose much less heat from the trunk.

than thin men because of the insulating properties of

thick subcutaneous fat .

Normally, exercise increases heat production and

increases body temperature in dry conditions.

Paradoxically , exercise in cold water may make the

body temperature fall more rapidly. Any movement

which stirs the water may create turbulent eddies that

carry off heat. Heat loss is not caused by just water

movement, but also by the increased blood flow into

the limbs during exercise . Continual movement

makes the limbs more closely resemble the internal

body core rather than the insulating superficial layer.

These two conflicting effects result in the core

temperature being maintained or increased in warm

water and decreased in cold water .

A diver must understand that increased heat

production requires an equivalent increase in oxygen

consumption . Further , the minute ventilation of the

lungs must increase by the same magnitude . If a diver

is breathing 12 liters of air per minute at rest in the

water and he becomes chilled , his heat production

may increase three times to compensate for chilling.

His respiratory ventilation will then have to increase to

36 liters per minute . In this example , the diver would

have the same air consumption at rest keeping warm

as he would have if he were performing moderate

work in warm water.

All of these factors weigh against the diver, with the

rate of heat loss depending on the severity of his

exposure . Even his natural insulation and the body's

own protective functions give way to especially cold

water. The diver's thinking ability becomes impaired,

and the effect of this impairment on the use of his

hands and other motor functions may prevent him

from choosing and executing the best procedures to

complete his task . In some cases , his survival may be

at stake .

The signs and symptioms of dropping body core

temperature from the first noticeable effects to death.

are listed in Table 3-1 . It must be remembered ,

though , that there are sudden , acute effects from

immersion in cold water that have their onset

immediately and independently of dropping core

temperature.
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Core

Temperature Symptoms

°F °C

98.6 37 Cold sensations

97 36

95 35

Skin vasoconstriction

Increased muscle tension

Increased oxygen consumption

Sporadic shivering suppressed by

voluntary movements

Gross shivering in bouts

Further increases in oxygen

consumption

Uncontrollable shivering

Voluntary tolerance limit in

laboratory experiments

Mental confusion

Impairment of rational thought

Drowning possible

Decreased will to struggle

93 34 Loss of memory

Speech impaired

91 33

90 32

88 31

86 30

Sensory function impaired

Motor performance impaired

Hallucinations , delusions , clouding

of consciousness

In shipwrecks and survival

experience , 50% do not survive

Shivering impaired

Heart rhythm irregularities

Motor performance grossly impaired

Shivering stopped

Loss of consciousness

No response to pain

80 27 Death

TABLE 3-1

SIGNS AND SYMPTOMS OF DROPPING CORE TEMPERATURE
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PRESSURE RELATED AILMENTS-

DESCENT 3.6

The tissues of the body can withstand tremendous

pressure: men have made actual ocean dives to 1000

f.s.w. (350 meters) and , in experimental situations ,

have been exposed to pressure equivalent to a dive of

1640 f.s.w. (500 meters) . Small animals, such as mice,

goats and monkeys , have withstood pressures equiv-

alent to dives as great as 5577 f.s.w. (1700 meters) .

The majority of the body is composed of virtually in-

compressible liquids, permitting external pressures

to be evenly transmitted through all of the tissues . If

air is supplied at approximately the same pressure as

that surrounding the diver, the natural air spaces in

the body, the lungs, the middle ear and the sinuses ,

will be in pressure balance with the body tissues and

the external pressure.

The pressure-related problems which may arise as a

diver descends in the water result when the pressure,

either in these natural air spaces , or in certain items

of equipmentwhich put an air space next to the diver's

body, cannot be equalized . The natural air spaces

have vents which normally allow internal and external

pressure to equalize . The lungs are vented by breath-

ing , the middle ear and the sinuses are connected by

air passages with the throat and nose . If these pas-

sages should become blocked - by the congestion of

a head cold , for example-air trapped in the spaces

cannot be equalized as the diver descends . This is

also true of air trapped between the diver's skin and a

piece ofequipment. Because these spaces have rigid

walls, this air cannot be compressed to equalize

the pressure, and a situation may arise where body

tissues, under higher pressure , will be forced intothe

space. This situation can be painful , and if the pres-

sure imbalance is great enough , can result in rup-

tured blood vessels or other tissue damage . In diving ,

the general term applied to this type of problem is

squeeze.

Squeeze affects only spaces which have rigid walls-

whether inside the body or in a piece of equipment.

Gas pockets in the intestine, for example, are not

usually a problem on descent because they are easily

compressed.

Ear and Sinus Squeeze 3.6.1 The middle ear is

part of the auditory mechanism and includes an air

space which is separated from the external ear canal

bythe ear drum . This space is vented to the throat by

the eustachian tube . If pressure changes are rapid,

equalization of pressure within the middle ear may

lag slightly behind the change in external pressure.

For example, when riding in a fast elevator , some peo-

ple will experience a slight " popping " of the ears as

the pressure inside catches up with the change of out-

side pressure . Ifthe eustachian tubes are blocked , the

relatively small pressure change in the elevator ride

might result in mild discomfort for a passenger. In

diving, where the pressure changes are significantly

greater, a blocked eustachian tube can bring about

problems ranging from severe pain to serious ear

injury.

Semicircular Canals

Auditory Nerve

ree Bone Lever

Ear Canal

Eardrum

Eustachia

Sectional view of inner ear.

Cochlea

Figure 3-16

The effects of a pressure imbalance in the middle ear

will be felt in two ways-

1 .

2.

The outside pressure will push in on the ear

drum , causing intense pain . If rising pressure is

not checked (by stopping the descent) the ear

drum may rupture .

The tissues that line the middle ear will swell

into the space . Unless pressure balance is re-

stored , blood or tissue fluids will fill the space.

This will happen particularly in those instances

where the pressure difference is not great

enoughto rupture the ear drum .
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Ruptured ear drums or damaged tissues in the middle

ear leave a diver vulnerable to infection , and will also

prevent him from further diving until the damage is

healed . A ruptured ear drum carries an additional

hazard for a diver whose ears are in direct contact

with the water- as in skin diving and some SCUBA

work. The sudden rush of cold water into the middle

ear can cause a brief but violent episode of vertigo.

The diver can become completely disoriented , will

probably become nauseated and may vomit. Fortu-

nately, these symptoms will quickly pass as the water

reaching the middle ear is warmed by the body.

The sinuses are located in hollow spaces in the bones.

of the skull . They are lined with mucous membrane

and are connected to the nasal passages. If the con-

necting passages become blocked by congestion or

swollen tissue , blood and tissue fluids will be forced

into the sinus cavities causing intense pain and a

possible hemorrhage of blood vessels.

Ear and sinus squeeze can often be prevented by not

diving if any signs of nasal congestion or a head cold

are apparent. The effects of squeeze can be limited

during a dive by halting the descent and returning

toward the surface a few feet . This will help restore

the pressure balance . If the space cannot be equal-

ized (by swallowing or blowing against a pinched-off

nose), the dive must be aborted .

Tooth Squeeze 3.6.2 This results when a small

pocket of trapped gas has been generated bydecay

or is lodged under a poorly-fitted or cracked filling .

If this pocket of gas is completely isolated , the pulp

of the tooth or the tissues in the tooth socket can be

squeezed into the space.

Thoracic (Lung) Squeeze 3.6.3 In making a

breathhold dive , it is possible to reach a depth at

which the air held in the lungs will be compressed to

a volume smaller than the normal residual volume of

the lungs . Should this happen , the blood and tissue

fluids may be forced into the space , resulting in

a thoracic squeeze . However, the volume of the lung

at which thoracic squeeze occurs may be less than

the residual volume because of blood shifting into

Coronal Suture
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Frontal
Frontal Sinus

Parietal

FrontalSinus

Nasals

Temporal
Ethmoidal Sinus
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Zygomatic
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Sphenoid

Maxillary Sinus

Infraorbital

-Foramen
Sphenoid Sinus

Nasal Cavity Maxilla

Nasal Septum
Maxilla

Maxillary S

Teeth

Ethmoidal Sinus

Mandible
Mandible

Mental Foramen

Figure 3-17
Frontal view of human skull with major

sinus cavities projected on surface.

Lateral view of skull showing location of sinus cavities.
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the pulmonary circuit and offsetting the pressure

imbalance .

Theoretically, the average man with a total lung ca-

pacity of 6 liters could not breathhold dive beyond

30 meters (4 ata) as the air in his lungs at that point

would be compressed to the residual volume (1.5 li-

ters, average value) . A man with an exceptional lung

capacity could exceed that depth , but would eventu-

ally reach his own limit. In fact , this has yet to be dem- >

onstrated . A world record holder for breathhold skin

diving , Navy Petty Officer Robert Croft , has an ex-

ceptional total lung capacity of more than 9 liters . In

1968 , during a series of experimental dives, Croft

reached 240 f.s.w. (73 meters) which is about 39

f.s.w. (12 meters) below his "computed" residual

limit, and did not experience any symptoms of

thoracic squeeze.

Face or Body Squeeze 3.6.4 If the air pressure in

a surface-supplied face mask or helmet should sud-

denly become lower than that of the surrounding

water-as in a failure of the air supply or from a rapid

increase in depth -the tissues of the face or body can

be seriously squeezed . This is a particular danger

when working with the deep-sea diving dress, which

enclosesthe head , neck and part of the upper chest in

a rigid helmet and breastplate . Under normal condi-

tions, the pressure in the helmet (and in the diving

dress) will be in equilibrium with the outside pressure.

However, if the air pressure suddenly drops , the out-

side pressure could force the air in the suit and hel-

met back up the air hose . In doing so, the non-rigid

dress will collapse , squeezing the diver's body into

the incompressible helmet, and if the pressure dif-

ferential is great enough , this condition can become

fatal . To help prevent a major body or face squeeze,

all surface-supplied apparatus must be equipped

with a safety non-return valve which will hold the gas

in the suit at pressure in the event of a failure of the

supply pressure. A diver may similarly become a vic-

tim of body and face squeeze if he should fall into

deeper water without a corresponding increase in

supply pressure (See Chapter Six for additional dis-

cussion) .

Face masks used with SCUBA, goggles, and cer-

tain types of exposure suits can lead to problems of

squeeze under some conditions . The pressure in a

face mask can usually be equalized by exhaling

through the nose , but this is not true of goggles which

offer no way to equalize pressure . Goggles should

not, therefore, be used for any diving except surface

swimming. The most seriously affected tissues in an

instance offace mask or goggle squeeze will bethose

of the eye and the eye socket . With exposure suits , air

may be trapped in a fold in the garment and may lead

to some discomfort and possibly a minor case of

subcutaneous (beneath the skin ) hemorrhage from

pinching .

Nitrogen Narcosis 3.6.5 Mostdivers who breathe

air under pressure will at some depth experience ni-

trogen narcosis (sometimes called " rapture of the

deep"). Symptoms of this problem generally begin to

appear at about 99 f.s.w. (30 meters) and progress

rapidly beyond that depth . However, there is a wide

range of individual susceptibility and some divers ,

particularly those experienced in deep operations

with air, can often work as deep as 198 f.s.w. (60 me-

ters) without serious difficulty.

The symptoms , although quite specific, are not always

apparent to the individual . The nitrogen produces an

intoxicating effect similar to that of alcohol . The nar-

cosis is characterized by a slowing of mental activity,

fixation of ideas , slowing of reaction time and general

euphoria. The greatest hazard of nitrogen narcosis is

that it may cause the diver to disregard the job or par-

ticularly his personal safety.

The mechanism by which nitrogen, under pressure ,

produces the narcotic effect is not known . The nar-

cotic potency of nitrogen and other inert gases may

be correlated with their relative solubility in fat (Meyer-

Overton theory) . The more soluble the gas , the greater

the narcotic effect at a given partial pressure . Forthis

reason, helium or neon-which are relatively insoluble

in fat-are used as the inert gas in deep diving .

Oxygen Poisoning 3.6.6 Partial pressures ofoxy-

gen in excess of that encountered at normal atmos-

pheric conditions may be toxic to the body . Oxygen

toxicity is dependent upon both the partial pressure

and the exposure time . In the range of 0.2 to 0.6 atm

O2, no toxicity is detectable regardless of exposure

time . From approximately 0.6 to 1.6 atm O2 , with expo-
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sure times varying from days to hours, lung toxicity

may occur which is first manifested as lung irritation

and can lead to lung tissue damage if the exposure

is continued . At partial pressures of 1.6 atm O2 and

higher, central nervous system oxygen toxicity occurs

before lung toxicity produces symptomatic damage.

Onset of CNS symptoms such as convulsions can

occur in hours or minutes . Although a high concentra-

tion of oxygen produces noticeable effects upon the

respiratory and central nervous systems , it also poi-

sons many other systems ' cells as well .

The susceptability to central nervous system oxy-

gen poisoning varies somewhat from person to per-

son . The use of an " oxygen tolerance test" for diving

training candidates is intended to identify those

whose sensitivity to oxygen is unusually high . Indi-

vidual susceptability will also vary from time to time.

A major external factor contributing to the develop-

ment of oxygen poisoning is the presence of a high

level of carbon dioxide in the breathing mixture from

a contaminated gas supply , or as a consequence of

heavy exertion or inadequate ventilation .

Experience and experimental investigation have

shown that most divers, when performing heavy ex-

ercise, will be in danger of CNS oxygen poisoning

when the partial pressure of oxygen in the breath-

ing mixture is 1.6 atmospheres or greater. The air

diver seldom encounters oxygen partial pressures

above this level since it represents a depth of over

200 f.s.w. (60 meters) and problems of CO2 retention

and nitrogen narcosis tend to limit the maximum air

depth . His greatest opportunity for being exposed to

the potential of oxygen poisoning is during recom-

pression treatment or surface decompression using

oxygen. For this reason , itis essential that the diver

be constantly monitored inside the chamber for the

related symptoms of oxygen poisoning .

Sometimes early evidences of oxygen poisoning

appear before convulsions . If recognized , these

symptoms may provide sufficient warning to permit

reduction in oxygen partial pressure and prevent the

onset of more serious symptoms . The warning symp-

toms most often encountered , in the approximate

order of their likelihood of occurrence , include-

-Muscular twitching- This usually appears first in

the lips or elsewhere in the face , but it may affect

any muscle.

- Nausea-This may come and go periodically.

- Dizziness

-Abnormalities of vision or hearing -Tunnel vision

(loss of the ability to see things to the sides) is

one ofthe more frequent visual symptoms .

-Difficulty in breathing -The diver may have air

hunger, may sense an increase in breathing resist-

ance for no apparent reason , or may have trouble

taking a full breath into his lungs.

-Anxiety and confusion

-Unusual fatigue

-Incoordination -Clumsiness , etc.

Not all of these symptoms will always appear and

most ofthem are not exclusively symptoms ofoxygen

poisoning . Twitchingis the clearest warning of oxy-

gen toxicity, but it may occur late . The appearance of

any one of these symptoms , however, usually repre-

sents a bodily signal of distress of some kind and

should be heeded .

Convulsions are the most important consequence of

poisoning due to excess oxygen . Treatment consists

ofthe following procedures-

1 .

2.

3.

4.

Do not restrain the man except to prevent him

from harming himself against the chamber.

Removethe oxygen breathing mask.

Insert a soft object (other than a finger) between

the teethto prevent tongue chewing.

Wait . The convulsion will almost always cease

in a few minutes.

NITROGEN ABSORPTION 3.7

The average human body, at sea level , contains

about one liter of dissolved nitrogen . All of the body

tissues are saturated with the gas, at a partial pres-

sure equal to the partial pressure of nitrogen in the

alveoli- about 570 mm Hg (0.75 ata) . If the partial

pressure of inspired nitrogen should change because

of a change in the pressure or the composition of the

breathing mixture , the pressure of the nitrogen dis-

solved in the body will attain a matching level . Addi-

tional quantities will be absorbed , or some ofthe gas

will be eliminated, until the nitrogen partial pressure

in the lungs and in the tissues are in balance .
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In accordance with Henry's Law, the amount of nitro-

gen which will be absorbed or released is almost

directly proportional to the change in partial pressure.

If one liter of nitrogen is absorbed at a pressure of

one atmosphere , then two liters will be absorbed at

two atmospheres (10 meters depth) , and three liters

at three atmospheres . The additional nitrogen in the

lungs is quickly dissolved into the blood and carried

throughout the body. Wherever the blood passes tis-

sues that are not saturated , where the partial pressure

of nitrogen is lower than that which is presently in the

blood , some of the gas will diffuse into those tissues.

The partial pressure in the blood will therefore be

somewhat reduced , and as it once again passes

through the lungs , it will absorb more nitrogen , which

will then be carried on to the still -unsaturated tissues .

This cycle will continue until all of the tissues of the

body, and the blood as well , reach equilibrium with

the partial pressure of the nitrogen in the lungs.

The rate at which different portions of the body be-

come saturated will vary. Some areas have a relatively

poor blood supply, and will become saturated more

slowly than others . Some body tissues hold more ni-

trogen per unit volume than others, and it will take

more time for the blood to supply them with enough

nitrogen to reach the point of saturation . Fatty tissues ,

for example, will absorb about five times as much ni-

torgen as will watery tissues and , if provided with an

equivalent blood supply, they will take much longerto

become saturated . Fatty tissues with a poor blood

supplywill require even more time to reach saturation .

For all body tissue to become saturated with nitrogen,

an exposure of about 24 hours to the higher partial

pressure is required . The length of time seems to be

independent of the quantity of nitrogen involved in

the process: it will take the body 24 hours to become

saturated with three liters of nitrogen at 20 meters

(three ata) and an identical period of time saturated

with five liters at 40 meters (five ata) . The rate of

absorption , in every part of the body, will be high at

the beginning of the process , since the pressure

gradient will be high , gradually reducing as the partial

pressures in the lungs and the tissues approach

equilibrium .

If any other inert gas such as helium is used in the

breathing mixture , the body tissues will become satu-

come saturated with that gas in the same process.

However, the time required to reach saturation will

be different for each gas.

DESATURATION 3.8

The process of desaturation is the reverse of satura-

tion . If the partial pressure of the gas in the lungs is

reduced , either through a change in pressure or a

change in the breathing medium , the new pressure

gradient will induce the nitrogen to diffuse from the

tissues to the blood , from the blood to the gas in the

lungs, and then out of the bodywith the expired breath.

Some parts of the body will desaturate more slowly

than others for the same reasons that they saturate

more slowly-poor blood supply , or a greater capacity

to absorbthe gas.

There is a major difference between saturation and

desaturation . The body will accommodate large and

relatively sudden increases in the partial pressure of

the inspired gas without ill effect . The same is not

true for desaturation , where a high pressure gradient

(toward the outside) can lead to serious problems .

To illustrate-if a diver is working at a depth of 30

meters, he will be under a total pressure of 4 atmos-

pheres. The partial pressure of the nitrogen in the air

he is breathing will be approximately 3.2 atmos-

pheres (80% of 4 ata) . If his body is saturated with

nitrogen, the partial pressure of the nitrogen in his

tissues will also be 3.2 atmospheres . He may easily

ascend a few feet, slightly reducing the partial pres-

sure of the inspired nitrogen , and some of the gas

will diffuse from his blood and be exhaled . If he were

to remain at that depth , eventually all of his tissues

would reach a new level of saturation , at the reduced

partial pressure of the inert gas.

But if this diver were to quickly ascend to the surface ,

the total pressure outside his body of one atmosphere

will be well below the 3.2 atmosphere value forthe

partial pressure of nitrogen throughout his body, and

the tissues will be supersaturated . The gas will come

out of solution faster than the bloodstream can move it

to (and through) the lungs , and bubbles of nitrogen

will form in the tissues and blood resulting in a condi-

tion known as decompression sickness . These bub-

bles can put pressure on nerves, damage delicate

tissues and block the flow of blood to vital organs .
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Symptoms may range from skin rash to mild discom-

fort and pain in the joints and muscles, to paralysis,

numbness , hearing loss , vertigo, unconsciousness ,

and in extreme cases , death .

Decompression 3.8.1 The blood and tissues of

the body can apparently hold gas in a supersaturated

solution to some degree before bubbles will begin to

form . This permits a diver to ascend a few feet without

experiencing decompression sickness , while allow-

ing some of the excess gas to diffuse out ofthe tissues

and be passed out of his body . By progressively as-

cending in increments , and then waiting for a period

of time at each level , the diver will eventually reach

the surface without experiencing decompression

sickness.

In actual diving practice , a diver very seldom will

remain at depth long enough to become fully satu-

rated with nitrogen . In a short dive , only those tissues

which saturate rapidly will absorb any appreciable

quantity of the gas, and they will desaturate easily.

The standard decompression tables, developed

from the researches of Haldane and various Navy

test programs, have been composed to provide guide-

lines for controlled decompression for a wide range

of diving circumstances . The factors involved in-

clude such considerations as depth and bottom time

of the dive , and whether or not the diver has made

more than one dive within a 12 hour period , all of

which will have some influence upon the quantity of

nitrogen which will have been absorbed . The estab-

lished decompression tables (Chapter Seven) must

be rigidly followed to insure maximum diver safety.

Changes in decompression procedure shall be per-

mitted only under the advice of a Diving Medical

Officer or in situations of extreme emergency.

Not all decompression is necessarily carried out by

staged ascent to the surface . If the depth of the dive

is less than 33 f.s.w. (10 meters) no stops or staged

decompression is required . Also , within certain limits ,

a diver can be brought out of the water, repressurized

in a chamber, and then decompressed onthe surface.

This is a useful procedure when the surface support

unit must move quickly, or when the in-water condi-

tions are particularly hazardous.

The use of pure oxygen during decompression can

reduce the time which will be required for controlled

decompression. If used , pure oxygen will significantly

reduce the partial pressure of the nitrogen in the

alveoli , creating a higher pressure gradient than

would otherwise be present.

Although all USN decompression procedures have

been thoroughly tested in the laboratory and field,

adherence to procedures and compliance with the

standard tables does not guarantee that a diver will

avoid decompression sickness . There are a number

of individual differences and environmental factors

which may influence development of decompression

problems, in spite of all precautions . These include

age, degree of obesity, excessive fatigue , lack of

sleep , alcoholic indulgence , or anything which, in

general , contributes to a poor physical condition or

poor circulatory efficiency.

OTHER PRESSURE RELATED AILMENTS

-ASCENT 3.9

As the diver ascends, gas in his body or apparatus

will expand in accordance with Boyle's Law. Ifthis

expansion is not accommodated or controlled, the

diver might encounter any of several serious and

painful disabilities . These include-

-gas embolism

-emphysema

-pneumothorax

-intestinal or stomach cramps

A gas embolism is caused by excess gas pressure

inside the lungs . It is most likely to develop during an

improperly executed rapid ascent, as in a case of

blow-up or when making an emergency free ascent .

Additionally, if the diver should try to hold his breath

during the ascent, the increasing gas pressure in the

lungs can rupture the alveoli and lung capillaries,

forcing bubbles of gas directly into the blood stream .

These bubbles may then be carried throughout the

circulatory system , and will continue to expand as the

ascent continues . If any become too large to pass

through the blood vessels, an obstruction , or embolus

will form and block the proper flow of blood . A trau-

matic gas embolism may be avoided by breathing

normally during ascent, or , if the ascent is made
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without a gas supply, by continually exhaling the ex-

panding gas that is already in the lungs.

Interstitial Emphysema involves an entry of gas into

the interstitial tissues in the lungs and , like gas em-

bolism , it can arise as a tear of lung tissue if the diver

fails to adequately exhale during an ascent. This con-

dition may accompany a gas embolism , or it may oc-

cur separately. Subcutaneous emphysema results

from the expansion of gas which has leaked from torn

tissue into the subcutaneous tissues . Mediastinal

emphysema is a condition whereby gas has been

forced through torn lung tissue into the loose medias-

tinal tissues in the middle of the chest, around the

heart , the trachea and the major blood vessels . (This

is not to be confused with the emphysema of old age

or excessive smoking .)

Pneumothorax results from gas being forced be-

tween the lungs and the lining of the chest cavity. Its

increasing volume as the diver ascends collapses.

the lung and may displace the heart thus compromis-

ing circulation .

Pockets of gas may form in the intestines as a result

of normal digestive processes , or the diver may swal-

low gas which becomes trapped in his stomach.

These conditions could result in painful cramps dur-

ing ascent, but in most cases the expanding gases

will purge themselves through the natural body vents.

PHYSIOLOGICAL HAZARDS FROM

MUNITIONS 3.10

Divers frequently work with explosive materials or,

if involved in combat swimming , may themselves be-

come the target of explosives. An explosion is basi-

cally the violent expansion of a substance caused by

the gases released during rapid combustion . One

effect of an explosion is a shock wave that travels

outward from the center, somewhat like the spread of

ripples produced by dropping a stone into a pool of

water. This shock wave propagating through the sur-

rounding medium (whether air or water) , passes

along some of the force ofthe blast.

A shock wave moves more quickly , and is more pro-

nounced in water than in air, because of the relative

incompressibility of liquids . At the same time, since.

the human body is also for the most part water and

incompressible, an underwater shock wave will pass

through the body with little or no damage to the solid

tissues. However, the air spaces of the body, even

though they may be in pressure balance with the am-

bient pressure , will not readily transmit the over-

pressure of the shock wave . As a result, the tissues

which line the air spaces will be subject to a violent

fragmenting force at the interface between the tissues

and the gas.

The amount of damage to the body will be influenced

by a number of factors . These include the size of the

explosion , the distance from the site , and the type of

explosive (some produce very rapid expansion while

in others , the expansion progresses more slowly) . In

general , larger, closer and slower developing ex-

plosions are more hazardous . The depth ofwater and

the type of bottom , which can reflect and amplify the

shock wave, may also have an effect . Under “aver-

age" conditions , a shock wave of 300 psi or greater

will cause injury to the lungs and the intestinal tract.

A shock wave of this magnitude might be experi-

enced from the explosion of a 1 pound (0.454 kg)

charge, with the diver at 48 feet ( 15 meters) from the

blast . A diver 48 feet from the explosion of a 600

pound (272 kg) charge would be subjected to a

shockwave of 2,180 psi (6390 kg/cm²) .

The degree of injury in part will also be determined

bythe degree to which the diver's body is submerged .

For an underwater blast , any part of the body which

is out of the water will not be affected . Conversely,for

an air blast, the deeper the diver, the better he will be

protected . A diver who anticipates a nearby under-

water explosion should try to get as much of his body

out ofthe water as possible . If he must remain in the

water, his best course of action is to float , face up .

putting the thicker tissues of his back between the

explosion and the vulnerable sites.

The maximum shock pressure to which a diver should

be exposed is 50 psi . The safest and recommended

procedure is to have all divers leave the water if an

underwater explosion is planned or anticipated . 0
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CHAPTER FOUR

OPERATIONS PLANNING

The Navy diving program is a regulated program

wherein only qualified divers use certified equipment

using procedures that are proven and tried . The Chief

of Naval Material Publication P9290 provides the

basic guidance for certification and the Chief of Naval

Operations provides the basic guidance for the Navy

diving program and requests for waivers in the 9940.1

instruction series . All Navy diving activities operate in

accordance with these directives.

Figure 4-1 Members of a deep-sea diving team study the

layout of a sunken minesweeper during a salvage training

operation .

The success of any diving mission is directly related

to careful and thorough planning . The nature of each

operation will determine the scope of the planning

effort , but certain considerations will apply to every

operation :

-Divers should not be used if the objec-

tive can be more safely and efficiently

accomplished by another means.

-Bottom time is always at a premium and

any planning inputs which will conserve

bottom time or increase the effectiveness

of the diver should be given high priority.

-Diving operations must not be conducted

under extreme environmental conditions

or whenever the safety of the divers or of

the support facility will be jeopardized .

-Divers must at all times be given protec-

tion against hazards , extremes oftempera-

ture , and dangerous pollution .

-The availability of emergency assistance ,

both from within the diving unit and from

outside sources as necessary, must be

insured .

-Equipment and supplies must be appro-

priate and adequate.

-An operation that may be delayed for

reasons that were not previously antici-

pated may well become an operation that

is a failure. Changing weather conditions

or threatened enemy action , for example,

may prevent resumption of an interrupted

or postponed operation . Careful planning

is the best insurance against unnecessary

disruption .

This chapter provides a comprehensive guide to ef-

fective dive planning for any size of operation. The

material is organized for clarity into eight separate

sections which form the proper sequence of steps in

the planning process (Figure 4-2).

Steps in Planning of Diving Operations

1. DEFINE OBJECTIVES

2. COLLECT AND ANALYZE DATA

3. ESTABLISH OPERATIONAL TASKS

4. SELECT DIVING TECHNIQUE

5. SELECT EQUIPMENT AND SUPPLIES

6. SELECT AND ASSEMBLE THE DIVING

TEAM

7. MAKE FINAL PREPARATIONS AND

CHECK ALL SAFETY PRECAUTIONS

8. START OPERATION

Figure 4-2 Planning Sequence

OPERATIONS PLANNING
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The chapter also presents a series of suggested work-

sheets and check lists which may serve as a basis

for the preparation of detailed work-sheets for use

in specific operations . The general subject of records

keeping and reporting , which is a continuing respon-

sibility at all stages of an operation , is covered in

Appendix B.

DEFINE OBJECTIVES 4.1

Establish a clear statement of the objective: why

is the operation being undertaken , and what is to

be accomplished . This statement can be brief and

specific .

Example:

"Locate, recover and deliver lost anchor to

USS SMITH at Pier A."

The statement of the objective could be of a more

general nature.

Example :

"Assemble all possible data on underwater

conditions in the vicinity of Point X. "

COLLECTAND ANALYZE DATA4.2

Abody of pertinent information should be assembled

and studied as suitable to each particular operation .

This will aid in:

-selection oftechnique, equipment and

divers.

-identification of potential hazards and the

need for emergency diving procedures .

-making allowances for contingencies.

The extent and type of information which must be

gathered will be influenced by such factors as the

size ofthe operation , the location of the diving site,

and the time of year. Some operations will be of such

a recurring nature that most of the required informa-

tion will already be at hand . An example of such an

assignment might be the removal of a propellerfrom

a particular class of ship , located in the shipyard

wherethe diving team is regularly stationed . However,

for even such a " standard " operation , there is always

the possibility that the ship in question may have

been modified and might require a change in proce-

dure orthe use of special tools . This possibility should

not be overlooked during the planning effort .

Some operations will require the collection of a great

deal of information in advance . For example , in plan-

ning forthe salvage of a sunken or stranded vessel.

the diving team will need to know about the construc-

tion of the ship , the type and location of cargo, the

type and location of fuel , the reason for the sinking or

stranding and the nature and degree of damage sus-

tained . The sources of such information may include

ship's plans, cargo manifests and loading plans , in-

terviews with witnesses and survivors , photographs ,

and official reports of similar accidents .

If the operation is to involve the recovery of an object

from the bottom , the team will need to know at least

the dimensions and weight of the object . Additional

useful information (as available) , might include flood-

able volume, established lifting points, construction

material , length of time on the bottom , probable de-

gree of imbedment in mud or silt, and the type and

degree of damage to the object . Combined , this data

will help define the type of lift to be used (boom ,

floating crane, lifting bags , pontoons) , will indicate

the need for high-pressure hoses to jet away mud or

silt, and will help determine the disposition of the

object after it is brought to the surface . Proper plan-

ning may find the object too heavy to be placed on

the deck of the support ship, therefore specifying the

need for a barge or heavy towing equipment.

For any operation which will involve a search for an

object or underwater site , data gathered in advance

will help to limit the area of the search and minimize

the time required for the search . This is most impor-

tant , since underwater searching by divers is ineffi-

cient and can add to the hazards of an operation . The

type of information useful in narrowing the area of a

search-using the loss of an aircraft as an example-

would include : last known heading and altitude ,

speed , radar tracks plotted by ships or shore stations ,

tape recordings or radio transmissions , and eye-

witness accounts .

Whenever the object of a search has been found , the

site should be marked with a buoy which has been

rigged in advance , ready for immediate use.
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Certain information must be collected as an aid in

identifying hazards . For example , if a diver is to be

working around a ship (whether for salvage orfor sim-

ple inspection of the hull) , he must know the location

of all sea-suction and discharge points , and of pro-

pellers, rudders, diving planes and sonar transduc-

ers. Ifworking in or near a damaged ship , divers must

be informed of the kinds and locations of its cargo

and the possibility of toxic or explosive fumes in its

compartments or tanks . A diver should know in ad-

vance what sort of underwater conditions to expect ,

ranging from temperature to the type of marine growth

common to the area . Information about conditions on

the surface is equally important. Extreme weather

conditions jeopardize the safety of the divers and the

unit, and even moderate changes in the weather may

cause changes in the work schedule.

Figures 4-3 and 4-4 are sample check-lists devel-

oped to gather data for the location and recovery of

an object. Figure 4-4 serves to emphasize the type of

data which may be required and Figure 4-3 indicates

thewide range of possible data sources .

Most of the data gathered in the planning phase of

an operation will come from outside sources or sur-

face observations , and will be gathered long be-

fore the actual diving phase begins . However, if time.

and conditions permit, preliminary dives by senior,

experienced members of the team can be of great

value in refining the data base and in improving the

dive plan .

For all diving operations , data should be collected

and analyzed in the following general categories-

-Surface conditions

-Underwater conditions

Resources

-Assistance and Emergencies

Surface Conditions 4.2.1 Conditions on the sur-

PLANNING DATA SOURCES

Air Almanac

Coast & Geodetic Survey Charts

Coast Pilot Publications

Cognizant Command

Communications Logs

Computer Data

Construction Drawings

DECCA Readings

DRT Tracks

Electronic Analysis

Equipment Ops . Manuals

Flight or Float Plan

Flight or Ship Records

Hydrographic Publications

Light Lists

Local Yachtsmen/Fishermen

Log books

LORAN Readings

Nautical Almanac

Navigation Text ( Duttons/Bowditch)

NAVOCEANO Data

Notices to Mariners

OPORDERS

Photographs

Radar Bearings

RDF Bearings

Sailing Directions

Ships Equipment

Ships Logs & Records

Ships Personnel

SITREP

SINS Records

SONAR Readings and/or Charts

TACAN Readings

Tapes

Test Records

Technical Reference Books

Tide Tables

U.S.N. Instructions

Visual Bearings

Weather Reports

Witnesses

face in the operating area will affect both the divers

and the members of the team working topside . These

conditions , influenced by the location , the time ofyear Figure 4-3
Planning Data Sources

OPERATIONS PLANNING
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and the weather, include wind, waves, tide , current,

cloud cover, temperature , visibility, and the presence

of other ships .

Normal conditions for the area of operations can be

determined from published tide and current tables ,

sailing directions , notices to mariners, and special

OBJECTIVE CHECKLIST

charts which show seasonal variations in tempera-

ture , wind and ocean currents .

Weather reports and long-range weather forecasts

must be studied to determine if conditions will be ac-

ceptable for diving , and weather reports must be con-

tinually monitored while an operation is in progress .

Mission Title

Known Location

Planner

OBJECT DEFINITION

Planning Phase (check One) Preliminary

(Lat/Long) Prior to Search

Date Prior to DiveOps

Safety Equipment AboardBasic Description :

Type Mfg .

I.D. Number

Material of Construction

Date Mfg .
Last Contact

Operational Service

Last Recorded Altitude/Depth

Last Recorded Speed

Command

Indicated

Ground

Weight Length Range Reserve Range

Height
Width Crew

Power Color Other Personnel

Floodable Volume Time of Incident

Mission Cause of Incident

Departure Point ETD Description of Incident

Destination ΕΤΑ

Course True Mag
Other Data

Navigation Equipment Aboard

ON-SITE INSPECTION

Location Marked

Inspection Findings

Figure 4-4 Objective Checklist
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Diving should be discontinued if sudden squalls ,

heavy seas , unusual tide , or any other condition that,

in the opinion of the Commanding Officer, jeopard-

izesthe security of the mooring.

The most critical weather factor is the state of the sea

(Sea State Chart Appendix C. ) . Wave action can af-

fect everything from the stability of the mooring to the

vulnerability of the crew and divers to seasickness or

injury . Unless properly moored , a ship or boat will drift

or swing around an anchor, greatly increasing the pos-

sibility offouled lines and often dragging a diver along

with it . Because of this , any vessel being used to sup-

port surface-supplied or tended diving operations

must be secured by at least a two-point moor. A four-

point moor, while more difficult to set , is preferable .

Divers are not particularly affected by the action of

surface waves unless operating in surf, in shallow wa-

ters , or if the waves are exceptionally large . Below a

certain depth (which will vary with the surface condi-

tions) a diver will not be aware of any wave action .

However, surface waves may well become a problem

when the diver enters or leaves the water, as well as

during decompression stops near the surface .

Effective dive planning must provide for extremes of

temperature which may be encountered on the sur-

face . These will normally be more of a problem for

tending personnel than for a diver, although any re-

duction in the effectiveness of the surface crew may

endanger the safety of a diver. The particular prob-

lems which must be guarded against are:

-Sunburn

-Windburn

-Frostbite

-Heat exhaustion

In cold, windy weather, the "wind chill factor" must

also be considered . Any movement of cold air over

exposed areas of skin will have an effect equivalent

to that of much colder air. For example, if the actual

temperature is 35 degrees Fahrenheit and the wind

velocity is 35 mph , the equivalent chill temperature is

5 degrees Fahrenheit (Figure 4-5).

TEMPERATURE

Degrees Fahrenheit (Degrees Celsuis)

WIND

MPH

40 (4) 15 (-9) 10 (-12)35 (2) 30 (-1 ) 25 (-4) 20 (-7)

EQUIVALENT CHILL TEMPERATURE, °F (°C)

5 35 (2) 30 (-1) 25 (-4)

10 30 (-1 ) 20 (-7) 15 (-9)

20 (-7)

10 (-12 )

15 25 (-4) 15 (-9) 10 (-12) 0 (-17)

15 (-9)

5 (-15

-5 (-21 )

10 (-12) 5 (-15)

0 (-17) -10 (-23)

-10 (-23) -20 (-29)

20 20 (-7) 10 (-12) 5 (-15) 0 (-17) -10 (-23 ) -15 (-26 ) -25 (-32)

25 15 (-9) 10 (-12) 0 (-17) -5 (-21 ) -15 (-26) -20 (-29) -30 (-34)

30 10 (-12) 5 (-15) 0 (-17) -10 (-23) -20 (-29) -25 (-32) -30 (-34 )

35 10 (-12) 5 (-15) -5 (-21 ) -10 (-23) -20 (-29) -30 (-34) -35 ( -37)

40 10 (-12) 0 (-17) -5 (-21 ) -15 ( -26) -20 (-29) -30 (-34) -35 (-37)

5 (-15) 0 (-17) -5 (-21 ) -10 (-23) -15 (-26) -20 (-29) -25 (-32)

EQUIVALENT CHILL TEMPERATURE, °F (°C)

5 0 (-17) -5 (-15) -10 (-23) -15 (-26) -20 (-29) -25 (-32) -30 (-34)

10 -15 (-26) -20 (-24) -25 (-32) -35 (-37) -40 (-40) -45 (-43) -50 (-46 )

15 -25 (-32) -30 ( -34) -40 (-40) -45 (-43) -50 (-46) -60 (-51 ) -65 (-54)

20 -30 (-34) -35 ( -37) -45 ( -43 ) -50 (-46) -60 (-51 ) -65 (-54) -75 ( -60)

25 -35 (-37) -45 (-43 ) -50 (-46) -60 (-51 ) -65 (-54) -75 (-60) -80 (-62)

30 -40 (-40) -50 (-46) -55 (-48) -65 (-54 )

35 -40 (-40) -50 (-46 ) -60 (-51 )

40 -45 (-43) -55 (-48) -60 (-51 )

-85 (-65)

-65 (-54) -75 (-60) -80 (-62) -90 (-68)

-70 (-57) 1-75 (-60) -85 (-65) -95 (-71 )

-70 (-57) -80 ( -62)

-30 (-34) -35 (-37) -40 (-40) -45 (-43) -50 (-46) -55 (-48) -60 (-51 )

EQUIVALENT CHILL TEMPERATURE , °F (°C)

5 -35 (-37)

10 -60 (-51 )

15 -70 (-57)

20 -80 (-62)

25 -90 (-68)

-40 (-40)

-65 (-54)

-80 (-62)

-85 (-65)

-95 ( -71 )

-45 (-43)

-70 (-57)

-85 (-65)

-50 (-46) -55 (-48)

-75 (-60) -80 (-62)

-60 (-51 )

-90 (-68)

-70 (-57)

-95 (-71 )

-90 (-68) -100 (-73) -105 (-76) -110 (-79)

-95 (-71 ) -100 , -73) -110 ( -79) -115 (-82) -120 (-85)

-105 ( -76 ) -110 (-79) -120 (-85) -125 (-87) -135 (-93)

30 -95 (-71 ) -100 (-73) -110 (-79) -115 (-82) -125 (-87) -130 (-90) -140 (-96)

35-100 (-73) -105 (-76)

40-100 (-73) -110 (-79)

-115 (-82) -120 ( -85) -130 (-90) -135 (-93) -145 (-98)

-115 (-82) -125 (-87) -130 ( -90) -140 (-96) -150 (-101)

LITTLE DANGERWinds above

40 MPH have

little addi-

tional effect

INCREASING DANGER (flesh may freeze within one minute)

GREAT DANGER (flesh may freeze within 20 seconds)

Figure 4-5 Equivalent Wind Chill Temperature Chart
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WARNINGS

International Signal Code-
All signals must be preceded by the " code " flag to signify that they are

international signals .

IN "I require a diver."

IN1 "I require a diver to clear my propeller. "

IN2 "I require a diver to examine bottom ."

10 "I have no diver. "

IP "Adiver will be sent as soon as possible. "

IQ "Diver has been attacked by diver's

disease and requires decompression

chamber treatment."

IN3 "I require a diver to place collision mat. " IR "I am engaged in submarine survey work

Keep clear of me and go slow. "

IN4 "I require a diver to clear my anchor."

Code Flag

4-6 International Signal Codes

A I have a diver down ; keep well clear at

slow speed .

Sport Diver

4-6 US NAVY DIVING MANUAL
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Since many diving operations are necessarily con-

ducted in harbors , rivers and major shipping chan-

nels, the presence of other ships is often a serious

problem . At times , it may even be necessary to close

off an area or limit the movement of other ships . This

should be taken into consideration during the plan-

ning effort and , if time permits , a local " Notice to Mar-

iners" should be issued . At any time that diving op-

erations are to be conducted in the vicinity of other

ships , they should be properly notified by message

or signal (Figure 4-6) . If the operation will be carried

on in the middle of an active fishing ground , the pres-

ence of small boats operated by people with varying

levels of experience and competence must be antici-

pated . The diving team should assume that these op-

erators are not acquainted with the meaning of any

diving signals and take the necessary precautions

to ensure that they remain clear of the area .

The degree of surface visibility is important. Re-

duced visibility may seriously hinder or force post-

ponement of diving operations . For operations to be

conducted in a known fog-belt, the diving schedule

should allow for probable delays because of low visi-

bility. The safety of the diver and support crew are

the prime consideration in determining whether sur-

face visibility is adequate or not . For example , a sur-

facing SCUBA diver might not be able to find his sup-

port craft , or the diver (and the craft itself) might be

in danger of being run-down by surface traffic .

Other factors of location and surface conditions

which may influence diving operations are territorial

claims by other nations , the presence of foreign in-

telligence collection ships , and the potential of hos-

tile action .

Underwater Conditions 4.2.2 Underwater con-

ditions will have a major influence on the selection

of divers, diving technique and the equipment to be

used . Those conditions of particular concern are:

-Depth

-Type of bottom

-Tides and currents

-Visibility

-Temperature

-Pollution

-Obstacles or hazards

Depth is a major factor in the selection of both div-

ing personnel and apparatus, and will influence the

decompression profile for any dive . Operations in

deep waters may also call for the use of special sup-

port equipment, such as underwater lights.

Depth must be carefully measured by two separate

methods to insure accuracy . Also , the depth should

not be measured at just one point but must be plot-

ted for the general area of the operation . Soundings

by a ship-mounted fathometer are reasonably accu-

rate-but must be verified by either a lead- line sound-

ing or through the use of a pneumofathometer (Fig-

ure 4-7). Depth readings on a chart are only to be

taken as an indication of probable depth .

Air Supply

pressure gage (calibrated in feet of seawater)

oxygen hose

water column

Figure 4-7 Pneumofathometer. It is attached to a diver or

weighted object and lowered to the depth to be measured .

Water is blown out of the hose with the air supply until a

generally constant reading is noted on the pressure gage . The

air supply is secured , and the actual depth (equal to the height

of the water column displaced by the air) is read on the gage.

The type of bottom may have a decided effect upon a

diver's ability to move and work both efficiently and

safely. Advance knowledge of bottom conditions is

important in the scheduling of work, in the selection

of dive technique and equipment, and in anticipat-

ing possible hazards. The nature of the bottom is often

noted on the chart for an area , but conditions can

change within just a few feet. Independent verifica-

tion of the type of bottom should be obtained by sam-

ple or observation . Figure 4-8 outlines the basic types

of bottoms and the characteristics of each .

OPERATIONS PLANNING
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BOTTOM CONDITIONS

TYPE CHARACTERISTICS

Rock Smooth or jagged ,

minimum sediment

Coral Solid , invariably sharp and

jagged , found in tropical

waters only

Gravel Relatively smooth ,

granular base

Shell

Sand

Mud

VISIBILITY

Generally unrestricted by

diver movement

DIVER MOBILITY

ON BOTTOM

Good , exercise care to

prevent line snagging and

falls from ledges.

Generally unrestricted by

diver movement

As above

Generally unrestricted by

diver movement

Good, occasional sloping

bottoms of loose gravel

impairwalking and cause falls

Composed principally of

broken shells mixed with

sand or mud

Shell-sand mix does not

impair visibility when

moving over bottom .

Shell-mud mix does

impair visibility.

With higher mud

concentrations , visibility

increasingly impaired .

Shell-sand mix provides good

stability. High mud content

can cause sinking and

impaired movement.

Common type of bottom ,

packs hard

Generally unrestricted by

diver movement

Good

Common type of bottom ,

composed of varying

amounts of silt and clay,

commonly encountered in

river and harbor areas

Poor to zero , work into

the current to carry silt

away from job site,

minimize bottom

disturbance, increased

hazard presented by

unseen wreckage , pilings

and other obstacles

Poor, can readily cause diver

entrapment, crawling may be

required to prevent excessive

penetration , fatiguing to diver

Figure 4-8 Bottom Conditions

4-8 US NAVY DIVING MANUAL



Three basic types of currents affect diving operations :

-River or major ocean currents .

-Current produced by the ebb and flow of the

tides (which may add to or subtract from any

existing current) .

-Undertow, or rip-current, caused by the rush.

of water returning from waves breaking along a

shoreline.

The direction and velocity of normal river , ocean and

tidal currents will vary with the time of the year, phase

of the tide , configuration of the bottom , depth of the

water and the weather. Tide and current tables show

the conditions at the surface and should be used with

caution in planning diving operations , since the di-

rection and velocity of the current beneath the surface

may be quite different . Usually there is much less cur-

rent on the bottom than at the surface . Consequently,

although the surface tidal current may be strong , bot-

tom conditions may be well within the permissible

range for diving .

Rip-currents will vary with the weather, the state of the

tide and the slope of the bottom . These currents may

run as fast as 2 knots and may extend as far as a half-

mile from shore . They are not usually identified in

published tables, and their location and force can

vary significantly from day to day.

A diver wearing standard deep-sea gear, with a life-

line and heavy weights , can usually work in currents

up to 1.5 knots without major difficulty. If supplied

with an additional weighted belt, he should be able to

accomplish useful work in currents as high as 2.5

knots. A SCUBA diver, who is essentially floating in

the moving water, is severely handicapped by cur-

rents of greater than one knot . If planning an opera-

tion in an area of high current, it may be necessary

to schedule work during periods of slack water , to

minimize the tidal effect .

Underwater visibility varies with depth and with

turbidity. Horizontal visibility is usually quite good in

tropical waters, where a diver may be able to see

more than 100 feet at a depth of 180 feet . Vertical

visibility is almost always less than horizontal visibil-

ity. Visibility is usually poorest in harbor areas, be-

cause of large quantities of river silt , sewage and

industrial wastes usually flowing into the harbor . Agita-

tion of the bottom caused by strong currents and the

passage of large ships is also a factor.

The degree of underwater visibility will influence

selection of dive technique , and may greatly influence

the time required for a diver to complete a given task .

For example, a diving team preparing for harbor

operations should plan for extremely limited visibility.

A direct result could be an increase in bottom time,

a longer period on station for the diving unit, and a

requirement for additional divers on the team.

Water temperature can drastically affect a diver's

performance as will be noted in Figure 4-9 . In cold

water, his ability to concentrate and his working

efficiency will drop off rapidly. Even in water at mod-

erate temperature (60°-70° F, 15.5°-21.5° C) body heat

loss to the water can soon bring on excessive fatigue .

In water above 86° F (30° C) the diver might suffer

from overheating , causing exhaustion .

Polar conditions affect diving operations but do not

prevent them when proper equipment and operational

techniques are used . It is impossible to work against

the elements of the polar world ; the success of a

diving mission depends upon the ability of each team

member to adjust to , and work with , these elements .

The following considerations are critical to the

success of diving operations in polar areas or in

ice-covered , near- freezing waters in non - polar

regions . The Office of Naval Research "Guide to

Polar Diving" (1974) provides more detailed infor-

mation and should be referred to prior to any short or

extended duration diving operation in such areas.

Sections 3.5 and 8.2.2.3 of this manual should also

be referred to for discussions of body heat loss and

hypothermia considerations .

Logistics-Careful planning and organization are

mandatory to successfully transport a diving operation

to the polar regions and support it while there.

Nowhere else on earth is the very success or failure of

a diving operation so completely dependent upon

logistics .

Support Equipment-A great handicap associated

with polar diving operations is use of equipment

designed for temperate conditions . The wide variety

of support equipment required for polar diving must be

carefully evaluated as to need and suitability. All
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Unprotected Diver

Deep Sea Suit

WATER TEMPERATURE

PROTECTION CHART

Normal Body Temperature 98°F (37°C)

Average Skin Temperature 93°F (34°C)

Unprotected Diver

Uncomfortably Cold 88° F (31 °C)

Wet or Dry Suit

Heated Suit

°C °F

35 Resting

90

Working

Shivering 86°F (30°C)
30-

Unprotected

Diver Will

Overheat

Diver

Comfortable 80 Unprotected

During Diver At
25

Moderate

Work

Rest Chills In

1-2 Hours

70

20

Diver's

Underwear

Or Wet Suit

Required

60

Pain 60°F (15°C)
15

Dry Suit

Required

Over 60'; Wet

Suit For Short 10 50

Duration Dives

Less Than 60'

Unprotected Diver

Death Within One Hour 40°F (5°C)

HotWater Suit
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Volume Dry

Suit Required

5
40

0

5-

Protection Usually Needed

Figure 4-9 Water temperature protection chart
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maintenance for a particular piece of equipment must

be accomplished with extreme care .

Shelters-Most diving operations in the polar regions

will require some type of surface shelter to protect

both personnel and equipment . Depending on the

performance and location of the site , shelters can

range from small tents to large insulated huts .

Exposure Limits- Exposure suits used for diving in

polar waters will normally be similar to the wet suit or

variable volume suit . The variable volume dry suit is

the most satisfactory form of thermal protection

available for polar diving . Wet suits can now be

obtained which are constructed of non-compressible

material . Such suits offer superior protection at depth

than do standard wet suits of the same design and

thickness . However, in shallow (less than 20 feet)

water where the compression of the standard suit's

neoprene material is negligible , the non-compressible

suit has no advantage.

Regulators Both single and two hose regulators are

used for polar diving . The single hose is easier for

"buddy breathing , " is less bulky, and is easier to

maintain than the two- hose ; however , it has a

tendency to malfunction from freezing more easily

than the two-hose regulator . Due to the serious nature

of the freeze-up problems in single hose regulators ,

they should be equipped with an " antifreeze cap " and

not allowed to free-flow or be purged for over 5

seconds at a time . In choosing a regulator ,

consideration should be made before final selection is

made as to general maintenance , replacement parts ,

number of pressure ports , and durability.

Air Supply-The most frequently used system for

supplying air is two separate side-by-side mounted

bottles with a regulator on each . The two-hoseis used

as a primary regulator with a single hose serving on

the second bottle as a backup .

Weight Belts-Arctic diving weight belts will be

heavier than normally required due to the bulk and

positive buoyancy of the exposure suits . A shoulder

harness is the best method of preventing the heavy,

unwieldy belts from slipping down during a dive . A few

heavy "hip hugger ' weights are better than several

smaller weights.

Stage-A small stage or platform hanging below the

surface at the entry hole is helpful for missions.

requiring the use of support equipment such as

cameras, tools , or lights . This will reduce the number

of times the equipment must be transferred into and

out of the water , and the resultant problems from

temperature change and possible damage .

Tending Line- For under-ice diving , a tending line

serves as a means of communication between diver

and surface , a guide back to the entrance , and as a

means of recovering an injured diver. The line should

be neutrally buoyant with one end affixed to the diver,

NOT the equipment . A synthetic line that will not

freeze when pulled out of the water will be required ;

regular manila or hemp rope is not authorized .

Air Compressors - Air compressors should be

placed in a dry , heated shelter with the intake line

extended to the outside atmosphere . All compressors

should have filters , plus a very efficient oil moisture

separator.

Diver Transport -Occasionally one site will

double as both the dressing area and the diving

area , such as ship-supported and remote- site

operations , eliminating any requirements for diver

transport . Usually , however, it will be required to

transport the divers from the dressing area to the

diving site . How this is done will depend on distance ,

weather, site accessibility, and vehicle availability.

The primary objective is to transport the divers as

quickly as possible with a minimum of exposure .

Dive Platform - Diving operations in the polar

regions may be conducted from a variety of support

platforms including : ( 1 ) open beach , (2) small craft,

(3) ships , (4 ) ice floes , ( 5 ) ice islands , (6) lockout

submersibles , and ( 7) solid ice cover such as fast or

pack ice . It will often be necessary to construct a

suitable entry hole through the ice for divers and

support equipment.

Navigation-Navigation in polar waters will require

the consideration of several problems , some unique

to this region:

The proximity of the magnetic pole makes the

ordinary compass useless .

Cold water shortens the life of batteries used

on homing beacons and strobes.

Permissible error is negligible ; the one and

only acceptable goal is often the small entry

hole in the ice cover.
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Surface light, if available at all , is diffused to

such an extent by the ice cover that it is nearly

impossible to determine its source .

Direct ascent to the surface is impossible

when under the ice , and a rapid means of

determining direction is often critical .

In shallow water , detours are often required to

circumvent " keels " or pressure ridges

beneath the ice.

With an ice cover , there are no waves,

therefore , no ripple patterns on the bottom to

use for general orientation .

Several techniques have been used for under-ice

navigation with varying degrees of success . These

include use of a tether , strobe light , steady light,

acrylic sphere , or clearing snow trails on the surface

ice .

Buddy Breathing-all divers should take the time to

practice buddy breathing in polar waters before they

make any excursions away from the entry hole.

Hygiene-The polar regions have many infectious

diseases which are potential hazards to personnel.

Pulmonary tuberculosis has been widespread in the

native populations and is a potential hazard to anyone

exposed to native personnel .

Body parasites occur in the natives populating cold

regions because of the crowded living conditions , and

shortage of bathing and cleaning facilities . Baths are

important and , if necessary , the body can be

sponge-cleaned under clothing . After bathing , some

ointment should be applied to the skin to keep it soft

and protect it against evaporation caused by the dry

air.

Long hair and beards may provide some insulation ,

but they provide sites for frozen condensation and the

likelihood of cold injury is increased . If a beard is

worn , a short one is best . Shaving and washing the

face should be done in the evening because shaving

removes protective oils from the skin . Shaving too

close can also remove some of the protective layer of

the skin, promoting frostbite .

Personnel Considerations-An individual thor-

oughly conditioned physically can be transported from

tropical areas into polar regions and immediately

begin diving without deleterious effects . However,

individuals will differ in how well suited they are for

cold weather operations . It is much better if at least

half of the diving team has had previous experience in

polar diving operations andis well qualified to train the

newcomers .

Prevention of Cold Injury-Personnel scheduled to

go to polar regions should be instructed in cold

weather physiology and the prevention of cold

injuries . Any methods which will increase the heat

balance , protection , and basic metabolism should be

used to prevent injury. The health of each diver and

confidence in his ability to meet the rigors of

cold-water diving is related directly to his physical

condition . The effect of physical fitness on morale

cannot be overemphasized . Remember to keep

warm , keep moving , and keep dry.

Usually, a diver may expect to work in waters that

range in temperature from cool to very cold . Appro-

priate protective clothing is available to offset the

effects of the cold and to minimize heat loss . However,

in some parts of the world the normal water temp-

erature is quite warm . Occasionally , a diver may be

called upon to work in the vicinity of a sewer or in-

dustrial outfall discharging high temperature wastes .

In such situations , he must be particularly alert for

the possibility of exhaustion . To date , no practical

diving apparatus or dress has been designed to

protectthe diver against unusually warm water.

Divers may encounter dangerous or unpleasant forms

of pollution which can cause severe problems. A

diver working near sewer outlets or industrial dis-

charges may be exposed to the hazards of disease or

chemical poisoning . Oil leaking from underwater

wellheads or damaged fuel tanks can cause fouling

of equipment and seriously impede a diver's move-

ments. Toxic materials or volatile fuels leaking from

barges or tanks can irritate the skin and corrode

equipment. When using SCUBA, a diver may inad-

vertently take polluting materials into his mouth , pos-

ing both physiological and psychological problems.

He is especially vulnerable to ear and skin infections.

In planning for operations in waters known to be pol-

luted , full protective clothing and appropriate pre-

ventative medical procedures must be provided.

External ear prophylaxis should be provided to diving

personnel to prevent ear infections . External otitis can

be prevented by use of 2% acetic acid in aluminum
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acetate solution each morning , evening , and following

each wet dive . The head is tilted to one side and the

canal gently filled with the solution . The solution must

remain in the ear canal for 5 minutes . The head is

then tilted to the other side to allow the solution to run

out. The procedure is repeated in the other ear. The

five-minute duration that the solution remains in each

ear is critical to the success of the prophylaxis . the

dive supervisor should observe and time ear

prophylaxis when diving in water where external otitis

is known to be a problem .

Various underwater obstacles , such as wrecks or

discarded munitions , offer serious hazards to diving .

Wrecks and "formal " dumping grounds are often

noted on charts , but the actual presence of such

obstacles might not be discovered until an operation

begins . This is one of several reasons for scheduling a

brief preliminary inspection dive , before a final

work-schedule or detailed dive plan has been

prepared . The surface and subsea conditions which

affect diving operations are numerous . Reference to

the Environmental Checklist , Figure 4-10 , will help to

ensure that no factors are overlooked in proper

planning .

In addition to environmental hazards , and those which

directly grow out of diving itself, a diver will from time

to time be exposed to operational hazards which are

not unique to the diving environment. These include-

Electric Shock -

Rare underwater but will sometimes happen when

using electric welding or power equipment .

Prevention-All such equipment should be in good

repair, and inspected before diving . Correct operating

procedures and safety rules should always be

observed .

Explosions

Which may be set off on purpose in demolition or

clearance operations (by accident) , or may be the

result of enemy action .

Prevention-When working with or near explosives,

follow the procedures given in NAVSEA PUBS. OP

2081 and OP2212 . Do not use welding or cutting

torches in gas- filled compartments . Stay away from

old or damaged munitions . Get out of the water when

an explosion is imminent .

Sonar-

Used by ships for object location and depth finding , is

a high-intensity pulse of sound which can cause

damage to the ears .

Prevention-Avoid diving in the vicinity of an

operating sonar ; approach no closer than 600 yards

( if necessary) , preferably 3,000 yards . SCUBA divers ,

wearing well-fitting wet suit hoods , can work within

100 yards of a sonar system . For short exposures

consult NAVSEA INST . C9597.3.

Nuclear Radiation-

May be encountered as the result of accident ,

proximity to weapons or propulsion systems during

salvage , weapons testing or , occasionally in natural

state . Exposure to radiation can result in serious

damage to the body and its systems ; levels of safe

tolerance have been set and must not be exceeded .

These levels may be found in the Radiological Control

Manual , NAVSEA No. 0389- LP-015-3000 and Volume

2 of the Underwater Work Techniques Manual ,

NAVSEA 0994-LP-007-8020.

Prevention- Avoid radioactive sites . If diving is

necessary, provide appropriate protective clothing

and post-dive cleansing .

Marine Life-

Maybe dangerous to man , either from direct physical

attack or because of poisonous venoms . Some of

these are extremely dangerous , and some are merely

an uncomfortable annoyance . But the most important

thing that a diver should know about marine life is that

the dangers are largely overrated . In general , most

underwater animals leave man alone . The diver's best

protection against injury is knowledge . He should be

able to identify the dangerous species which are likely

to be found in his area of operation , and should know

how to deal with each . Avoidance is the diver's best

policy.

Several basic prevention rules are-

1. Be able to identify dangerous species-and know

what it is about each that is dangerous.

2. Keep alert when diving or swimming . Watch where

you put your feet and hands . Be particularly

cautious when reaching into crannies or wrecks.

3. Keep movements smooth and steady. Thrashing

attracts certain species . If you sight a shark or any
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large fish , try to remain motionless and quiet .

Noise is more likely to attract than scare away.

4. Blood attracts sharks and other meat-eaters . If

you cut yourself, get out of the water.

5. Handle any underwater animal with caution ,

whether it is alive or apparently dead . Many

species have hidden barbs .

6. Big , "friendly" species can foul lines or cause

other accidents-always be careful .

7. Watch out for entangling plants-especially some

varieties of kelp , which can trap a diver and are

very hard to cut.

Appendix I presents specific information about

dangerous marine life , including identification factors ,

dangerous characteristics , most logical means to

prevent injury, and methods of treatment .

Resources 4.2.3 The manner in which an opera-

tion is planned and conducted will often depend

upon variables not under the control of the diving

team . In some operations , a time factor will take prec-

edence over other considerations , while in other

operations the availability (or non-availability) of

equipment or personnel may be a vital factor . For any

operation , the planning effort must identify resources

knownto be available , which include time , personnel ,

equipment, support or auxiliary equipment and

supplies in order to:

-Insure the safety of all personnel

-Identify any shortages or inadequacies which

should be remedied .

-Permit accomplishment of the operational

objectives in a timely and effective manner.

Assistance and Emergencies 4.2.4 In the course

of any diving operation , from the most routine to the

most complex, three types of assistance may be

required :

-Emergency assistance in the event of an

accident or serious illness.

-Additional equipment, personnel , supplies

or services.

-Guidance , authorization or decisions from

highercommand.

Unexpected developments or emergency situations

usually are accompanied by a degree of confusion .

The source and availability ofany needed assistance ,

and the method for obtaining it as quickly as possible,

must be determined in advance and be clearly under-

stood by all members of the diving team as well as

by other supporting personnel . The nearest activity

having a recompression chamber must be identi-

fied and notified - before the commencement of

operations . The sources of emergency transportation ,

military or civilian , must be established and alerted,

and the nearest diving medical officer should be

located and notified . Additionally, arrangements must

be made to insure a 24-hour availability for such

emergency assistance.

Figure 4-11 is a suggested " Emergency Assistance

Checklist" which, when fully filled in and posted at

the diving station , will provide necessary infor-

mation so that any member of the team could take

prompt action.

ESTABLISH OPERATIONAL TASKS 4.3

With the objectives of the operation defined, and

data gathered and studied to properly establish con-

ditions under which diving will take place , a basic

outline for the operation itself can be prepared . Each

task should be identified , and placed in the context

of an overall schedule , or job profile , so that the inter-

relationship of all tasks will be apparent. This should

be done for even the most routine operations.

In developing a detailed task-by-task schedule for

an operation , the following points should be kept

in mind:

A. All phases of an operation are important . A

common failure in planning is to put all of the

emphasis on the actual dive phases, while not fully

considering pre-dive and post-dive activities . Another

common failure is to treat many operations—

especially those of a recurring nature-with an

indifference to safety that comes from over-

familiarity.

B. The schedule should allocate sufficient time

for preparation , transit to the site , rendezvous with

other vessels or units , and establishment of a secure

mooring.

C. Bottom time is always at a premium , and all

factors which will in any manner affect bottom time

must be carefully considered . These would include

depth , decompression requirements , number of

divers available , size of the support craft , and

environmental conditions both on the surface and

underwater.
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Figure 4-12 illustrates the relationships between

depth, bottom time , and total dive duration for non-

repetitive dives.

D. The number and scope of repetitive dives

which can be made by a diver in a given time period

are limited as discussed in Chapter Seven.

E. It has been observed that the incidence of de-

compression sickness is reduced with increased div-

ing frequency. If divers have been inactive and oper-

ating conditions permit, " work up" divers by initiating

diving activity in the shallower part of the operating

area and gradually progress to deeper depths.

F. Plan to work night and day, while weather per-

mits, provided sufficient divers are available .

G. The use of different diving techniques will

require different levels of personnel support . (See

Table of Manning Levels , Figure 4-26).

H. The number of divers in the water at any one

time should be kept to a minimum . The more divers

underwater, working and/or decompressing , the

greater the chance of an accident, and the heavier

the burden on the support facility and crew.

I. In determining tasks , topside support per-

sonnel should not be overlooked - especially those

who might not be considered "members" of the div-

ing team . These might include boat operators, winch

operators, or an anchor watch-each of whom may

have a role to play in the operation , and each ofwhom

must be properly selected and briefed.

J. Any schedule must be flexible , to accommo-

date unexpected complications , delays, and changing

conditions .

A diving operation is not completed when the ob-

jective has been met, and good planning must carry

the diving team through de-mounting the operation

and the proper filing of all records and reports . In this

connection , time should be allocated for:

-Recovery, cleaning, inspection , repair and

stowage of all equipment.

-Disposition of any materials brought up during

the operation .

-De-briefing ofdivers and other team members.

-Analysis of the success of the operation , as

planned and as actually carried out.

-Preparation and submission of all required

reports (see Appendix B) .

-Re-stocking expended materials.

-Insuring the readiness of the unit to respond

to the next assignment.

ENVIRONMENTAL CHECKLIST

Atmosphere:

Visibility

Sunrise (set)

Moonrise (set)

Temperature (air)

Humidity

Barometer

Precip.

Cloud Descrip .

%Cover

Wind Direction

Force (knots)

Other:

SURFACE

Sea Surface :

Sea State

Wave Action :

Height

Length

Direction

Current:

Direction

Velocity

Type

Surf. Visibility

Surf. Wat. Temp .

Local Characteristics:

SUBSEA

Underwater & Bottom :

Depth

Wat. Temp.

Visibility:

Underwater-

ft. at depth

depth ft. at depth

depth ft. at depth

depth Bottom :

bottom ft. at depth

Thermoclines Bottom :

Type:

Obstructions :

Current:

Direction

Source

Velocity

Pattern

Tides:

S High Water

S Low Water

Ebb dir.

Flood dir.

Marine Life :

time

time

vel.

vel. Other Data:

Figure 4-10 This environmental checklist is only a sample

worksheet indicating data that might be gathered for an opera-

tion . Each planner should create a similar checklist to suit his

particular operational situation .
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SCUBA

GENERAL
CHARACTERISTICS

Figure 4-14 Open-Circuit SCUBA divers at work.

Disadvantages- Limited endurance (depth and

duration)

Breathing resistance

Limited physical protection

Influenced by current

Lack of voice communication

Working limits-

Normal 60 feet/60 minutes

Maximum 130 feet/10

minutes

Current- 1 knot maximum

Diving team -minimum 4 men

Minimum

Equipment-

Open-circuit SCUBA

Life preserver

3

Weight belt Restrictions-

Knife

Face mask

Swim fins

Principle

Applications-

Shallow water search

Inspection

Light repair and recovery Operational

Advantages-

Clandestine operations

Rapid deployment

Portability

Minimum support

Excellent horizontal and vertical

mobility

Minimum bottom disturbances

Buddy and standby diver required

Considerations-Small boat required for diver

recovery

Avoid use in areas of coral and

jagged rock

Moderate to good visibility

preferred

Ability to free ascend to surface

required .
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LIGHTWEIGHT DIVING

GENERAL CHARACTERISTICS

10

D

Figure 4-15

Minimum

Equipment-

Diver using lightweight MK I diver's mask.

Diver's Mask USN MK 1 or Jack

Browne mask

Wet suit

Weight belt

Knife

Swimfins or shoes

Surface umbilical

Shallow water search

Inspection and major ship repair

Principle

Applications-

Light salvage

Advantages- Unlimited by air supply

Good horizontal mobility

Voice and/or line pull

communications

Fast deployment

Disadvantages- Limited physical protection

Limited vertical mobility

Large support craft required

Restrictions- Work limits-Jack Browne

Operational

Considerations-

-

Normal 60 feet/60 minutes

Maximum 90 feet/30 minutes

Work limit-MK 1 without come

home bottle

Maximum 60 feet

Work limit-MK 1 without open be

Maximum 130 feet/10 minutes

Work limit-MK 1 with open bell

Maximum 190 feet/60 minutes

Current- 2.5 knots max.

Ability to free ascend to surface

quired , with exception noted

Para. 6.8.7.2.

Adequate air supply system

Standby diver required

4-18
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DEEP-SEA DIVING

GENERAL CHARACTERISTICS

9
Minimum

Equipment-

Helmet and breastplate

Thermal underwear

Diving dress

Weight belt

Weighted shoes

Knife

Rubber cuffs and/or gloves

Surface umbilical

प
्
प

Figure 4-16

the water.

Principle

Diver in MK V deep-sea diving outfit entering

Deep diving operations

Applications- Heavy salvage and repair

Underwater construction

Advantages- Unlimited by air supply

Maximum physical and thermal

protection

Voice and line pull

communication

Variable buoyancy

Disadvantages- Slowdeployment

Poormobility

Large support craft and surface

crew

Restrictions- Work limits-

Operational-

Normal 190 feet/40 minutes

Maximum 250 feet/90 min-

utes (Exceptional Exposure)

Current- 2.5 knots

Diving team- minimum 6 men

Adequate air supply system

Considerations- Stand-by diver required

Medical officer and recompres-

sion chamber required below

170 feet

Exceptional exposures require

approval ofCommanding Of-

ficer or higher authority.
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DEPTH LIMITS FOR AIR DIVING

DEPTH

F.S.W. (Meters)

(1 , 6)
LIMIT FOR NOTES

60 (18.3)
Open-circuit scuba and lightweight diving equipment with standard mask; nor-

mal working limit. (2)

60 (18.3) Lightweight diving equipment with Divers Mask, USN Mk1 ; maximum working

limit without "come home" bottle.

(4)

90 (27.4)

130 (39.6)

Lightweight diving equipment with standard mask ; maximum working limit.

Open-circuit scuba ; maximum working limit.

(2)

(2)

130 (39.6) Lightweight diving equipment with Diver's Mask USN Mk1 ; maximum working

limit without roving bell.

(2)

170 (51.8)

190 (57.9)

Diving without a medical officer and a recompression chamber at the scene.

Lightweight diving equipment with Diver's Mask USN Mk1; maximum working

limit with roving bell .

(3 )

(3, 4)

190 (57.9) All divers except those qualified for mixed-gas diving .

190 (57.9)

250 (76.2)

Surface-supplied deep-sea (air) diving equipment ; normal working limit .

Surface-supplied deep-sea (air) diving equipment ; maximum working limit : ex-

ceptional exposure.

(3, 4)

(3, 5)

Notes:

(1) These limits are based on a practical consideration of working time versus decompression time and

oxygen-tolerance limits . These limits shall not be exceeded except by specific authorization from the offi-

cer in charge of the diving operation or from higher authority.

(2) Under normal circumstances , do not exceed the limits of the No-Decompression Table . Dives requir-

ing decompression may be made if considered necessary by the officer in charge of the diving operation.

The total time of a SCUBA dive (including decompression) must never exceed the duration of the apparatus

in use, disregarding any reserves.

(3) A diving medical officer and a recompression chamber are required on the scene for all dives deeper

than 170 feet.

(4) Exceptional exposure dives are not permitted . Exceptional exposure dives, printed in RED in the

Standard Air Decompression Table, are computed for emergency situations only. Such situations defy

complete assurance of safety, even if the correct decompression schedule is used .

(5) Do not exceed the limits of the Standard Air Decompression Table for exceptional exposures.

(6) For depth ranges and diving techniques not covered in the table refer to Vol . II Mixed Gas Diving.

Figure 4-17 Depth limits for air diving.
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SELECT EQUIPMENT AND SUPPLIES 4.5

Equipment procured for use in the U. S. Navy has

been tested under stringent laboratory and field con-

ditions to insure that it will perform according to

design specifications under the most difficult con-

ditions that might be encountered . Diving teams will

not use any apparatus which has not been accepted

and approved for Navy use , unless such use is itself

part of an authorized testing program . Additionally,

unauthorized modifications are not permitted , no

matter how logical they might seem at the time.

A list of all approved diving equipment is contained.

in NAVSEA Instruction 9597.1 series which should

be consulted whenever there might be a doubt as to

the acceptability of a particular piece of gear. As

noted on the list , the selection of some items of

equipment is left to the choice of the diver , and may

be procured from commercial or Navy sources .

An important item of supply is the air used by the

divers for breathing . All such air supplies, whether

provided to the diver in tanks or through a compressor

taking suction from the atmosphere , must meet five

basic criteria :

-The air must conform to established

standards of purity.

-An adequate volume must be available .

-Theflow to the diver must be sufficient.

-A back-up supply must be available for

surface-supplied diving .

- Adequate output pressure must be main-

tained at the dive station .

The standards for purity of the air supplied for breath-

ing have been established by the Bureau of Medicine

and Surgery, and are outlined in Chapter Five . Com-

pressors which are used for charging SCUBA bottles,

for filling air banks on board ship or for supplying

air directly to divers, must also meet certain specifi-

cations and must be specifically designated for use

in diving operations . Such compressors are equipped

with filters for removing contaminants from the air;

when in use, they should be carefully positioned to

prevent contamination of the air from compressor

engine exhaust or from stack gas or other ship-

board exhaust.

Surface-supplied diving requires a heavy-duty, high

volume, low pressure compressor system which is

usually permanently installed in the support ship or

craft. A back-up system might be a portable com-

pressor and/or a bank of high- pressure air cylinders

fitted with an appropriate reducing valve . Basic

requirements for air compressors and cylinders used

in air-supply systems are discussed in Chapter Six .

Air for SCUBA operations is provided in individual

tanks which are carried by the divers. These tanks

are filled from a bank of high-pressure cylinders or

with a small high-pressure compressor (although this

is a much slower method) . The techniques for filling.

SCUBA tanks are described in Chapter Five.

A particular item of equipment, not carried on any

"approved" list but vital for many diving operations,

is a diving support craft. Any craft used for diving.

operations , regardless of the technique being sup-

ported , must have seven basic characteristics:

A. It must be seaworthy , both in design

and condition .

B. It must be equipped with required life-

saving and other safety gear.

C. It must be in good repair, with a reliable

engine (unless the craft is a moored float

or barge).

D. It must have ample room for the divers

to dress and rest .

E. It must provide adequate shelter and

working area for the support crew.

F. It must be able to safely carry all equip-

ment required for the operation.

G. It must be properly manned by a well-

trained crew.

SCUBA operations are normally best conducted from

a small boat. This can range from an inflatable rubber

raft with an outboard engine (Figure 4-18) , to a motor

whale boat, to a small landing craft . These boats are

normally standard fleet types, and there is usually

no need for special or extensive modifications . In

planning for SCUBA diving , the availability of an

appropriate small boat will be a factor to be con-

sidered for the safety of the divers . Even if the divers

will be operating from a large ship or diving float,

a small boat must be standing by, ready to respond as

a rescue boat in the event a surfacing diver is in
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SURFACE SUPPLIED DIVING BOAT

REQUIREMENTS

Figure 4-18 SCUBA Diving Boat- Illustrated is the seven-

man inflatable boat normally employed in UDT operations . Its

design includes all the required features of a SCUBA boat ;

mobility, ease of entry to and from the water, stability and

adequate space.

Freeboard

3 to 5 feet

Adequate Operating

Space for 2 Divers,

2 Tenders and

Equipment

Minimum Beam

10 feet

Sufficient Space

for Orderly Gear

Stowage

Figure 4-20

Diving Boat.

Diving

Ladder

П

Figure 4-19 LCM diving boat .

Mast for Display

of Diving Flag

K

Minimum Overall

Length 40 feet.

General Requirements of a Surface-Supplied

AnchorWinch and

Minimum 2-point mooring

Equipment

Engine in

Good Condition

Adequate Space

for Diving Crew

Seaworthy

Hull
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trouble at some distance from the support site . In this

same regard, a boat used by SCUBA divers must be

able to quickly slip any moorings and move to a diver

needing assistance .

A craft intended to support surface-supplied diving

operations must be fairly substantial , and will usually

be specifically modified for the purpose . Many naval

small craft can easily be converted for such use.

Figure 4-19 illustrates a typical conversion and Figure

4-20 points out essential characteristics of both the

Diving Boat Equipment Checklist

ALWAYS REQUIRED

Anchor Gear & Spare

Binoculars

Blankets

Boat Hook

Boat Operations Checklist

Bucket & Soap

Bumpers, Boat

Call Signs, Mother Ship or Station

Charts

Compass

Decompression Tables

Descending/Decompression Line

Diving Equipment

Diving Handbook

Drinking Water

Fire Extinguishers

First Aid Equipment

Flares

Flashlights

Fuel; Engine & Compressors

Gloves

Heaving Line

Knives

Lead-Line (or Pneumofathometer)

Lifesaving Gear (Standard)

Lights; Navigation , Surface , Underwater

Line, Working , 1/4" Manila

Logs , Diving

Mooring Lines

Oil ; Engine, Compressor

Pencils

Radio

Signals; Sound , Day-Shapes, Flags

Tide Tables

Timepiece

Tools; Hand, Engine, Compressor, Air Bank

Figure 4-21

basic boat and the modifications . Figure 4-21 is a

checklist of equipment which should be carried on

board , and Figure 4-22 is a safety check- list for any

diving boat operation .

At times, other support equipment may be needed in

a given operation . This could include barges, tugs ,

floating cranes, vessels or aircraft for area search ,

and so forth . The need for such additional equipment

should be anticipated as far in advance as possible .

OPTIONAL

Blue Print or Sketch of Job

Boat Stowage Box

Bull Horn

Buoys; Mooring , Marker

Come-Along

Ear Ease

Food

Foul Weather Gear

Grease

Grease Pencils

Insect Repellant

Lift Bags

LuffTackle

Matches

Markers, Waterproof

Pressure Gage

Probe, 10' Pipe (1 inch dia.)

Radar Reflector

Sea Sickness Pills

Shackles , Snap Hooks

Slate, Underwater

Stadimeter

Sun Shades

Sun Tan Lotion

Tank Rack, SCUBA

Tape, Electrical & Masking

Tape Measure (6')

Tarpaulines

Thermometer, Underwater

Tow Line

Towels

Wire and Fasteners

Whistles, Mouth
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DIVING BOAT SAFETY CHECKLIST

All personnel involved in the operation of diving

boats , launches, barges, floats, and other types of

secondary small craft should be briefed and must

understand the following safety precautions.

1. Inspect the specified boat or craft and deter-

mine its suitability for the intended mission and

operating environment. Ensure that :

Boat (craft) is sound , seaworthy, and

well found.

Power plant is running well and fully

tested .

Required safety and running equip-

ment is on board and in workable

condition .

Proper gear for diving operation is

on board and operational (see "Op-

tional & Always" Onboard Checklist) .

The assigned boat crew is fully quali-

fied to operate that particular craft .

2. Knowthe details of the Emergency Assistance

Checklist . Make sure it is completely filled out

for small craft operations , with a legible copy

placed on board.

3. Inspect all communications gear, radios , CB

units, underwater communications, power

sources, walkie-talkies , and ensure that they

have been fully tested and are operational .

4. Determine that all non -powered communica-

tion equipment (flags , sound signals , flares ,

radar reflectors, etc.) are on board , are com-

plete, and are operational .

5. Know all pre-determined signals , proper call-

signs, etc.

6. Know all routine and emergency signals (for

divers):

Sound (whistle , horn , recall )

Sight (Hand signals from diver)

Pick me up

OK

Hold Everything

Up

Pick me up now!

Down

(Day Shapes)

(Flags)

Signals (Lights)

7. Determine that adequate and safe mooring

equipment is on board , and personnel are fa-

miliar with proper mooring techniques.

8. Know who is in charge of the boat and respon-

sible for the giving of orders to " Stop " and

"Start" the small craft. Orders to commence

boat operations that affect divers are given

only by the Diving Supervisor.

Figure 4-22 Diving Boat Safety Checklist

9. Before getting Underway, check with the Div-

ing Supervisor for:

An "all -aboard " head-count .

His approval that all diving equip-

ment, lines, safety equipment, etc.

are on board.

10. Plan for various Boat Handling during Diving

Operations to include:

Dropping off of divers

Picking up divers

Towing divers

Getting underway in an emergency

Positioning boat in a

2 point moor 4 point moor

Handling of divers ' lines during de-

scent, ascent, hanging-off, raising or

lowering tools and gear, drop-off and

pick-up.

Setting/retrieving of buoy markers

Moving or towing of platforms, rafts ,

rubber boats , search sleds, etc.

11. Ensure that stowage of diving supplies and

gear does not block access to :

Fire extinguishers

Life preservers

Ground tackle

Engine spaces

Communication

gear

Bilge pump or switch

Boat hook

Heaving line

Emergency

lights

Flares

First Aid kit

Diving platform

12 Know these general safety precautions that

apply to Boat Operations.

Place all intakes for the diving air

compressor upwind of engine or aux-

iliary power plant exhausts.

Ensure safety of the boat when :

Handling gasoline , explosives or other

dangerous material .

Shoring and handling of heavy

equipment.

Securing gear for heavy weather.

Cutting , welding , and other opera-

tions involving fire.

When divers are down ...

Do not change a moor

Do not set anchors

Do not drop heavy items overboard

And ... NEVER START ENGINES

WHEN DIVERS ARE DOWN OR

ALONGSIDE .
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SELECT AND ASSEMBLE THE DIVING

TEAM 4.6

When planning diving assignments, and matching

the qualifications and experience of diving personnel

to specific requirements of the operation , a thorough

knowledge of the duties, responsibilities and relation-

ships of the various members of the diving team is

essential .

The ultimate responsibility for the safe and effective

conduct of all diving operations rests with the Com-

manding Officer . His responsibilities are defined and

his authority is confirmed by the provisions of U. S.

Navy Regulations and such other fleet, force ortype

command regulations as may from time to time be

issued. In order that diving operations may be effi-

ciently conducted , the Commanding Officer dele-

gates appropriate authority to selected members of

his command , who with subordinate personnel , make

up the diving team . These are the Diving Officer , the

Diving Supervisor, divers qualified in various tech-

niques and equipment, support personnel such as

tenders (who should be qualified divers if possible),

timekeepers, and medical personnel as indicated by

the type of operation (Fig . 4-23, 4-24) . Other members

of the ship's company, properly instructed , will pro-

vide support in varying degree in such roles as boat

crew, winch operators , and line handlers.

The Diving Officer 4.6.1 The Diving Officer is

in charge of all diving operations and training under-

taken bythe command , and responsible for the quali-

fications and safe diving practices of all divers

assigned. He should , whenever possible, be a quali-

fied diver. However, any officer may be assigned as a

Diving Officer. It is his own responsibility in such a

case to become thoroughly familiar with basic diving

technique and have a detailed knowledge of all

applicable regulations. The Diving Officer must en-

sure that equipment is in good repair, well maintained

and correctly stowed, and that any authorized modifi-

cations have been carried out by properly trained

personnel (whether on board or at a higher level

maintenance facility).

The Diving Officer is responsible for the preparation

of basic plans for all diving operations, subject to

final approval bythe Commanding Officer . He coordi-

Figure 4-23 ASCUBA diving team , including a Diving

Supervisor , two divers , one standby diver, one tender and a

timekeeper, completes their pre-dive duties.

Figure 4-24 Adeep-sea dive to 150 feet , requiring the work

of one diver, gets underway . The team consists of a Diving

Supervisor , the diver, a standby diver , two tenders and a

timekeeper.

nates his activities with other shipboard departments

andwith any other diving units which may be involved.

He ensures that all personnel participating in the con-

duct of a diving mission are thoroughly briefed on

the mission, and that they know and understand all

applicable safety regulations and emergency pro-

cedures. Further, it is his responsibility to establish

a vigorous and continuing training program for his

unit including frequent drill in emergency procedures

as well as practice in routine and non-routine opera-

tions . He should see that every opportunity for cross-

training is used to full advantage . And, finally but

most importantly, he has a primary responsibility for

the safe conduct of all diving operations within the

command .
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The Diving Supervisor 4.6.2 The man in charge

of the actual diving operation is the Diving Supervisor,

and no diving operations may be conducted with-

out his presence . He may be an officer or an enlisted

man depending on the size of the operation and the

availability of qualified personnel . When appointing

a Diving Supervisor from the enlisted ranks , selection

will be based upon the seniority of the available per-

sonnel in the following order: Master Diver, First Class

Diver orDeep Sea Diving Medical Technician , Second

Class Diver. Regardless of rank, he must himself be

a qualified diver of demonstrated abilities and experi-

ence in whom the Commanding Officer has full

confidence .

The Diving Supervisor assists the Diving Officer in

preparing for an operation , and , based upon his own

training and experience , plots the operation step-by-

step . He must consider all possible contingencies,

determine equipment requirements , recommend div-

ing assignments , and establish back-up requirements

for the operation . The Diving Supervisor should be

familiar with all men on the team and be able to eval-

uate the qualifications and physical fitness ofthe div-

ers selected for a particular job . The Diving Super-

visor inspects all equipment to be used and conducts

pre-dive briefings of personnel . When the operation

begins, he is in charge of all diving on the scene.

While the operation is underway, the Diving Super-

visor monitors progress, de-briefs divers returning to

the surface , updates instructions to working divers,

and ensures that the Diving Officer, Commanding Of-

ficer and other personnel as necessary are advised of

progress and of any changes to the original plan .

When the mission has been completed , the Diving

Supervisor is responsible for gathering appropriate

data, for analyzing the results of the mission , and for

preparing reports for submission to higher authority.

He will also make sure that any required records are

completed . These may range from equipment logs to

individual diving records .

Diving Personnel 4.6.3 The diver must be quali-

fied for the diving technique used , the particular

equipment involved , and for diving to the depth re-

quired . While working, he must keep topside person-

nel informed of conditions on the bottom , of his

progress, and of any developing problems which may

indicate the need for changes to the plan or a call

for assistance from otherdivers . To insure his personal

safety he must always obey a signal to surface . If using

SCUBA, he must keep track of his own bottom time.

The diver is responsible for the diving gear he will

use and must be sure that it is complete, in good

repair, and ready for use at any time .

Navy divers must be qualified and designated in

accordance with instructions issued by the Bureau

of Naval Personnel (BUPERS) . A general abstract of

the requirements for diving qualification is contained

in Appendix E.

All Navy divers are required to carry a diving I.D.

Card identifying them as divers . Divers ' I.D. cards

are normally issued upon graduation from Diving and

Salvage School . These cards may also be obtained

from the Supervisor of Diving , Naval Sea Systems

Command, Navy Department , Washington , D.C.

20362.

A standby diver is a mandatory requirement for all

diving operations.

The standby diver is a fully qualified diver, assigned

for back-up or to provide emergency assistance , and

immediately ready to enter the water. For surface-

supplied operations , the standby diver must be com-

pletely dressed , including his weighted belt and

breastplate . Under certain conditions , the helmet

should also be worn . A standby SCUBA diver should

wearthe apparatus and be completely readyfor quick

deployment. The standby diver receives the same

briefings and instructions as the working diver, and

monitors the progress of the work as reported bythe

diver on the bottom so that if called upon for assist-

ance, he is fully prepared to respond.

A buddy diver is the diving partner for a SCUBA

operation when the divers are working in pairs: each

ofthe divers is the buddy for the other.

The buddy divers are jointly responsible for the

assigned mission , and each keeps track ofthe depth

and time factors for the dive . Each has a particular

responsibility to watch out for the safety and well

being ofthe other, being especially alert for symptoms

of such maladies as nitrogen narcosis , decompres-

sion sickness , and carbon dioxide poisoning . A

buddy diver must keep the other diver within sight

and never leaves his partner alone except to obtain

additional assistance when the diver is hopelessly

entangled or entrapped.
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with the diver on the bottom . At the start of an opera-

tion , the tender checks the diver's equipment and

topside air supply for proper functioning , dresses the

diver, and, once the diver is in the water, constantly

tends his lines to eliminate excess slack or tension .

The tender exchanges line-pull communications with

the diver, keeps the Diving Supervisor informed of

the diver's depth and movements, ensures that the

air supply is adequate, and remains alert for any

signs of an emergency.

The tender should be a qualified diver. When circum-

stances require the use of a non-diver as tender, it is

the responsibility of the Diving Officer and Diving

Supervisorto ensure that he has been thoroughly and

properly instructed in his duties. If during an opera-

tion a substitute tender must be employed, the Diving

Supervisor must make certain that he is adequately

briefed before he takes over the lines.

The timekeeper maintains worksheets and fills out

the diving log (OPNAV form 9940/1 ) for the operation ,

and records the diver's descent time, bottom time,

depth of dive, and monitors the decompression pro-

file to ensure that the designated decompression

schedule is followed . He usually operates the com-

munications system , and notifies the Diving Super-

visor ofelapsed time.

The timekeeper is required to have on hand a copyof

the USN Standard Decompression Tables . When de-

compression begins, he displays the schedule se-

lected by the Diving Supervisor and keeps all mem-

bers ofthe team advised of the status of the divers.

The timekeeper must be a qualified diver, and should

not be assigned any additional duties which might

interfere with his basic responsibilities. Also, be-

cause accurate timekeepingis so important to the

safety of the divers , he should not normally be re-

quired to keep time on more than two divers simul-

taneously. In SCUBA operations, the Diver Supervisor

often assumes the duties of the timekeeper.

Diving medical officers and diving medical corps-

men are given special training in hyperbaric medi-

cine and in diving . They are regularly assigned to

provide medical advice and treatment to diving per-

sonnel on a routine basis . They also instruct members

of the diving team in first aid and emergency medical

procedures, and participate in diving operations

when the presence of diving medical personnel is

indicated-as when particularly hazardous opera-

tions are being conducted . In some operations (e.g.

air diving below 170 feet) the presence of a diving.

medical officer is mandatory.

Figure 4-25 The Diving Medical Officer keeps a close

watch on a diver undergoing recompression treatment

Diving medical personnel certify the fitness of divers

before operations begin and are prepared to handle

any emergencies which might arise . They also ob-

serve the condition of surface-support personnel ,

being alert for signs of such problems as fatigue,

overexposure and heat exhaustion .

Other surface-support personnel can include almost

any member ofthe command when assigned to duties

which support or coordinate with diving operations.

Some personnel will be more directly involved and

will need more specific indoctrination than others-

for instance, the boat operators must be thoroughly

familiar with diving procedures , must knowthe mean-

ings of various signals, must understand the objec-

tives of the mission , and must know how to operate

a boat in connection with diving operations . Other

personnel , such as winch operators or deck crew,

OPERATIONS PLANNING 4-27



might directly interact with the operation , but only

when underthe control of the Diving Supervisor. Still

other members of the crew may not be directly in-

volved , but can still have some type of interface with

the operation . Engineering personnel , for example,

may be directed to secure overboard discharges and

lock the shafts ; a sonar operator might be required

to secure his equipment and put a "do not energize "

tag on the power switch . (See Appendix F for a de-

tailed Ship Repair Safety Checklist. )

Above all others , the Officer of the Deck (who, during

his watch is responsible to the Commanding Officer

forthe operation and safety of the ship and the crew)

will be concerned with the activities of the diving

team . He must be kept informed ofthe progress ofthe

operation and of any changes to the original plan,

and should be notified as far in advance as possible

of any special requirements (such as providing steam

to a winch) which may be forthcoming .

Cross-Training and Substitution 4.6.5 Insofar

as possible, each member of the diving team should

be qualified to act in any position on the team . Opera-

tional plans should provide for an opportunity to

gain such across-the-board qualifications , wherever

possible . If, at any time during an operation , personnel

changes must be made-whether temporary or per-

manent-the individual assuming the duty must first

be certified by the Diving Officer or the Diving Super-

visor as acceptable for that duty . He then must be

thoroughly briefed on the mission , the status of opera-

tions , upcoming evolutions , and any anticipated prob-

lems . Since it is probable that substitutions will be

made at some point during a lengthy mission, the

general and diving schedules should organize

personnel and work objectives so that highly experi-

enced personnel will always be available onscene.

Additionally, all personnel who will participate in

the operation should be included in initial briefings.

Manning Levels 4.6.6 The size of the diving

team may vary from one operation to the next, de-

pending upon the type of equipment being used , the

numbers of divers needed to complete the mission,

and the depth . Other factors , such as weather, planned

length of the mission , the nature of the objective , and

the availability of various resources will also have an

influence on the size of the team .

Recommended manning levels for a variety of diving

teams are found in Figure 4-26. These are minimum

levels , and should be adjusted appropriately to meet

anticipated operational conditions and situations.

Physical Condition of Diving Personnel 4.6.7

Before a man can even begin training as a diver, he

must meet the specific physical requirements for

divers set forth by the Bureau of Medicine and Sur-

gery (BUMED) as outlined in Appendix E. Once quali-

fied , it is his own responsibility to keep in good health

and in top physical condition.

Medical personnel assigned to a diving unit should

take an active interest in the day-to-day condition

of each diver, and the Diving Supervisor must verify

the fitness of each diver immediately before a dive.

Signs of any irregularity, such as a cough , nasal con-

gestion , apparent fatigue , emotional stress , skin or

ear infection , intoxication or any indication of the use

of narcotics or other dangerous drugs , should put a

man onthe sick list until the problem is corrected .

The diver himself is often the best judge of his own

physical condition . If he does not feel fit to dive, he is

obligated to report that fact to the Diving Supervisor.

A diver who, for any reason , sincerely does not want

to make a dive should not be forced or penalized . A

man who regularly declines diving assignments

should be disqualified as a diver and given other

duties.

BRIEF THE DIVING TEAM 4.7

The operations plan , no matter how well organized ,

will not result in a successful mission unless each

member ofthe diving team fully understands the plan ,

his role in the plan , and the roles as well of other

members of the diving team and of the various sup-

porting personnel .

A briefing , just like a diving plan , can be elaborate or

it may be very simple . For large operations , involving

a number of units , a formal briefing with charts , slides

and diagrams might be required . But for most opera-

tions, the briefing need not be complex and may take

the form ofan informal meeting .

The person conducting the briefing will normally be

the Diving Supervisor-the man who will be in charge

of all diving operations at the scene . During the brief-
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MINIMUM RECOMMENDED MANNING LEVELS FOR

VARIOUS TYPES OF AIR DIVING

Single SCUBA Diver

Two SCUBA Divers (Buddy Diving )

Two SCUBA Divers (Separately Tended)

Lightweight Diving Single Diver < 130'

Lightweight Diving Two Divers < 130'

Deep-Sea Single Diver < 130'
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XX X 4

X XX X XX 6

X X X XX 5

X XX X XX X 7

X X X XX X 6

1

Deep-SeaTwo Divers < 130' X XX X XXX X 8

Deep-Sea Single Diver > 170'
X X X X XX X X 8

Deep-Sea Two Divers > 170' X X XX X XXX X X 10

SCUBA DIVING NOTES

A. A minimum of four qualified diving personnel are required

to conduct any normal SCUBA diving operations .

B. One tender per diver is required when divers are surface

tended . Surface tending denotes a tending line affixed to

the diver.

C. A diving supervisor is required in all diving operations .

He must be a qualified diver except as specified in para-

graph F. He may also serve as a timekeeper.

D. A standby diver is a mandatory requirement for all SCUBA

diving operations and must be completely ready for quick

entry into the water when and if required .

E. A tender/timekeeper should be a qualified diver whenever

possible and if assigned timekeeping duties additionally

he must be a qualified diver.

F. Submarines that have only three SCUBA diving billets

have a Commissioned Officer (non -diver ) assigned duties

as a diving supervisor . These personnel are authorized

to dive with three qualified divers and the Officer (non-

diver) supervisor only when operational necessity dictates

and augmentation divers from other sources are not avail-

able. No other commands are , under any circumstances ,

authorized to conduct SCUBA diving with manning of less

than four qualified divers on scene .

G. Manning levels for Dilbert Dunker and Device 9D5 pool

pilot training which require safety SCUBA divers are

covered by directives promulgated by BuMed (Aero Space

Physiologist Manual ) .

H EOD Diving Officer required on scene for all EOD opera-

tions .

I. Four-man EOD team authorized to use two Divers .

Figure 4-26.
Recommended manning levels .
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ing, he should cover all of the major points ofthe

operation , including (but not limited to) the following:

-the objective and scope of the operation.

-conditions in the operating area.

-diving techniques and equipment to be

used .

-personnel assignments.

-particular assignments for each diver.

-anticipated hazards.

- reiteration of normal safety precautions.

-discussion of any special considerations.

-group discussion period , questions from

the diving team . In this period , the briefer

should also direct questions at the team

members, to verify that his briefing has.

been understood .

De-briefing the Diving Team 4.7.1 Prompt de-

briefing of divers returning to the surface will provide

the Diving Supervisor with information which may in-

fluence or alter the next phase ofthe operation . Divers

should be questioned about the progress of the work,

bottom conditions , and anticipated problems. They

should also be asked for any suggestions they might

have for immediate changes. After the day's diving

has been completed (or after a shift has finished work

if the operation is being carried on around the clock)

all members ofthe diving team should be brought to-

gether for a short de-briefing of the day's activities.

This offers all personnel a chance to provide "feed-

back" to the Diving Supervisor as well as to other

members ofthe team . This group interaction can be of

great help in clarifying any confusion which may have

arisen because offaulty communications , distractions ,

or misunderstandings from the initial briefing .

MAKE FINAL PREPARATIONS AND

CHECK ALL SAFETY PRECAUTIONS 4.8

Prior to the commencement of actual diving opera-

tions, the Diving Officer and the Diving Supervisor

must review all progress and satisfy themselves that

all appropriate preparations have been made. In

summary, these are:

-a comprehensive diving plan has been

prepared , and all data pertinent to the mis-

sion has been collected and analyzed for

its impact on the operation and safety

precautions.

-a task schedule has been prepared , with

diving assignments clearly delineated and

the sequence of events determined .

-requirements for both scheduled and

emergency logistic support have been de-

termined , and appropriate arrangements

made.

-required equipment has been obtained ,

checked for proper operation , and is on

station ready for use.

-emergency equipment (life jackets , fire

extinguishers , resuscitator, first aid kit , etc. )

has been checked for condition and is

ready for use.

-all personnel , including any members of

back-up teams , have been notified of their

assignments, and a comprehensive brief-

ing has been held .

-The General Safety Checklist has been re-

viewed (Appendix J) .

-the On-Site Emergency Checklist has been

prepared and posted .

-the Diving Officer and the Diving Super-

visor have been given appropriate author-

ity by the Commanding Officer.

-the qualifications and physical condition

of all divers have been reviewed and

certified .

-personnel are on station and ready to work.

-the ship or support vessel is properly

moored and an anchor watch set.

-weather conditions are satisfactory for

diving operations .

-higher authority (as appropriate) has been

notified of the operation ; other ships in the

vicinity and the Harbor Master (if appro-

priate) have been notified .

-proper visual signals are displayed.

-the officer of the deck has been notified ;

he in turn has notified the Commanding

Officer and the engineering officer, and

has been given " permission to commence

diving operations .
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CHAPTER FIVE

AIR DIVING OPERATIONS (SCUBA)

A general description of Self-Contained Underwater

Breathing Apparatus (SCUBA) was presented in

Chapter One, along with a brief narrative covering the

specific types of apparatus . Factors governing the

utilization of SCUBA, and various planning con-

siderations , are covered in Chapter Four, Operations

Planning.

Of the three basic types of SCUBA (open-circuit ,

closed-circuit and semiclosed-circuit), only open-

circuit normally uses compressed air as the breathing

medium . Operation of this system will be covered in

detail in this chapter . Operation of the other basic sys-

tems, which are designed for use with a mixture of

gases other than air , will be found in Volume II of this

Manual.

The SCUBA diver, more than any other, must have a

high degree of confidence. He is placed in a situa-

tion where he is independent of his team members,

without voice communications , usually without a life-

line and with a limited air supply . His ability to reason

carefully and respond correctly in an emergency is a

fundamental requirement for repeated success. In

order to concentrate on the mission objectives, the

SCUBA diver must have complete faith in his abili-

ties and his equipment.

Formal training and experience combine to give the

diver confidence in his ability. Beyond this, carefully

established procedures , as presented in this chapter,

will provide maximum assurance that each dive will

progress as safely and efficiently as possible.

On working dives utilizing either the Mark 6

semiclosed-circuit SCUBA or closed-circuit oxygen

SCUBA, the two types , i.e. , closed and semiclosed

circuits, will not be interchanged . In other words both

members of a swim pair will wear the identical type

SCUBA at all times for intentional working

dives/swims .

The material in this chapter includes:

-description of various approved SCUBA equip-

ment and accessories

-pre-dive procedures

EQUIPMENT FOR SCUBAOPERATIONS5.1

A certain minimum of equipment is required for every

SCUBA dive: that which is necessary for the safety of

the diver. This minimum may be augmented , as indi-

cated by the nature of a given assignment, by items of

optional accessory equipment.

Only diving equipment specifically approved by

Commander Naval Sea Systems Command may be

used by Navy divers . Authorized equipment is

specified in NAVSEA Instruction 9597.1 series . A

current copy of this instruction must be maintained by

all diving activities .

SCUBA

Face Mask.

Life Preserver

Depth Gage

Wrist Watch

Weight Belt

Knife and Scabbard-

Submersible

Cylinder

Pressure Gage

(Optional)

Swim Fins

-SCUBA communications

-SCUBA diving technique

-safety precautions

-post-dive procedures , including field main-

tenance , stowage of equipment , and reporting Figure 5-1 SCUBA diver with minimum equipment listed .
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Minimum Equipment 5.1.1
The minimum equip-

ment which must be worn by every Navy SCUBA diver

consists of the following:

-Open-circuit SCUBA

-Face Mask

-Life Preserver

-Weight Belt & Weights as required

-Knife and Scabbard

-Swim Fins

-Wristwatch

-Depth Gage }

at least one

per diving team

A variety of special equipment is available to a diver,

most of which would be chosen to meet a specific

operational requirement. Such equipment would

include such items as underwater cameras, lifting

bags, and the like.

OPEN-CIRCUIT SCUBA 5.1.1.1 There are two

basic types of open-circuit SCUBA: the demand sys-

tem and the continuous flow system . The demand

system supplies air to the diver only when he takes a

breath, while the continuous flow system directs a

constant stream of air past his mouth , whether he is

inhaling or exhaling . Because they are so wasteful

of the air supply, continuous flow SCUBA systems are

considered impractical . They are not authorized for

use by Navy divers, and , therefore , they will not be

discussed further in this chapter.

Every Navy-approved open-circuit SCUBA will in-

clude the following basic components* -

-demand regulator assembly

-mouthpiece assembly

-one or more air cylinders

-cylinder valve and manifold assemblies

-back pack or harness

Figure 5-2

Deleted by Change 1

"A listing of all Navy-approved diving equipment is given in

NAVSEA Instruction 9597.1 Series .

The demand regulator assembly is the central com-

ponent of the open -circuit system . The purpose of the

regulator is to reduce the high pressure air in the cyl-

inder to a pressure which can be used by the diver

and to deliver the air, as required , at a sufficient flow

rate . The specific operation of the demand unit may

vary from one type of regulator to another, butthe

basic principle is the same for all . The operation of a

common model of demand regulator is shown in Fig-

ure 5-3.

There are two stages in a typical demand system . In

the first stage, high-pressure air from the cylinder

passes through a regulator which reduces the pres-

sure to a level approximately 110 (+5)psi over the

ambient pressure at the operating depth .

In the second stage , water at ambient pressure acts

directly on one side of a moveable diaphragm . A low

pressure air chamber is on the other side . The dia-

phragm is directly linked to the low pressure valve

bythe horseshoe lever. When the air pressure in the

low pressure chamber equals the ambient water pres-

sure, the diaphragm is in its center position and the

low pressure valve is closed . When the diver "de-

mands" air, the suction produced by his lungs re-

duces the pressure in the low pressure chamber

causing the diaphragm to be pushed inward bythe

now higher ambient water pressure . The diaphragm

actuates the low pressure valve which opens and per-

mits air to flow to the diver. The larger the breath , the

widerthe low pressure valve is opened so that more

air flows to the diver.

When the diver stops inhaling , the pressure on either

side of the diaphragm is again balanced and the

low pressure valve closes . As the diver exhales the

exhausted air passes through one , or more, check

valves and vents to the water.

Navy-approved demand regulator assemblies are

manufactured in two basic types, single hose and

double hose. Each is a two-stage system , and differs

primarily in the placement of the stages.

In the single hose, two-stage demand regulator

the first stage is mounted on the air cylinder, just af-

ter the cylinder valve . The second stage unit is loc-

ated at the diver's mouth , in an assembly which

includes the mouthpiece and a valve to exhaust ex-

5-2 U.S. NAVY DIVING MANUAL
Change 2



AirCylinder

Second Stage Regulator

First Stage Regulator

Shut-Off Valve

Mouthpiece

Supply Hose

Figure 5-3 Schematic of single hose, two -stage

demand regulator SCUBA.
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Air Cylinder

Exhalation Hose

Demand Regulator

Manifold

Air Cylinder

Shut-Off

Valve

C
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V
a
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e

Inhalation Hose

Figure 5-5 Schematic of double hose demand regulator

Figure 5-4 Typical single hose SCUBA outfit .

haled air directly into the water. The two stages are

connected by a length of durable , flexible medium-

pressure hose, which passes over the diver's right

shoulder.

The second stage also contains a purge valve , which ,

when pressed , passes the medium pressure air

through the stage and the mouthpiece, blowing out

anywaterwhich may have entered the system.

This purging feature is one of several advantages

that the single hose system has overthe double hose.

Other advantages include reduced drag in the water

from the single, smaller hose, and less opportunity

for the hose to snag on underwater obstacles. The

hose is stronger, since it must carry air at higher pres-

sure, and is less susceptible to being torn or cut.

Buddy-breathing , whereby one diver provides air

from his SCUBA to his buddy, is more easily accom-

plished with the single hose regulator.

The principal disadvantage of the single hose unit is

that the exhaust bubbles may rise in front of the div-

er's face, interfering with his vision . Another disad-

vantage, which was observed in a recent series of

tests conducted in Alaska, is that the single hose reg-

ulator is more susceptible to freeze-up than the dou-

ble hose unit. The reasons for this observed fact are

presently being sought in a research effort being con-

ducted by the Navy. Until the results of this effort are

available, it is recommended that the single-hose reg-

ulator not be used in sub-freezing diving operations.

The double hose, two-stage demand regulator com-

bines both the first and second stage regulators in a

single assembly which is mounted on the cylinder

valve assembly, behind the diver's head . A small

Figure 5-6 Typical double hose SCUBA.

intermediate chamber separates the stages, holding

air at the pressure as designated by the first stage

(about 110 psi over ambient pressure) . When the

diver takes a breath, the demand valve in the second

stage opens, permitting this air, at ambient pressure,

to flow through the second stage and into the intake

hose supplying air to the diver's mouthpiece .

When the diver exhales, a check valve on the intake

(right) side of the mouthpiece closes and another

check valve on the exhaust ( left) side opens . The ex-

haled breath passes through the exhaust hose and

back into the regulator assembly. There , the air

pushes past an exhaust flutter valve (which keeps
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Intermediate Pressure

Chamber

First Stage Valve Assembly

CylinderYoke

O-Ring

Intermediate

Pressure

ופ
וו
י

Orifice

Diaphragm

Balance

Spring

Chamber

wwwwww

'Diaphragm

Air enters H.P. valve as

cylinder valve opens.

H.P. Seat Spring

First Stage High pressure air flows through

the orifice of the first stage into the intermediate

chamber. When pressure in the intermediate

chamber reaches ambient plus diaphragm balance

spring set pressure , the first stage valve

assembly closes.

Second Stage Valve Assembly

Diaphragm

Horseshoe

Low Pressure

Chamber

Pin Air Entering I.P.

Support
Chamber Depresses

Purge

Button

H.P. Diaphragm and

Spring. H.P. Seat

Closes Valve

Mouthpiece

Intermediate

Pressure

Hose

Orifice

Low Pressure

Seat Spring

Low-Pressure Chamber Low-Pressure Diaphragm

High-pressure air entering intermediate pressure area.

Diver Inhales Causing

Partial Vacuum

H.P. Valve

Unseated

Pressure Reduced , H.P.

Diaphragm Spring Expands.

H.P. Valve Seat Opens.

Second Stage

ExhaustValve

Upon inhalation the second

stage diaphragm moves inward and the horseshoe

lever opens the second stage valve assembly.

Intermediate pressure air from the hose is throttled

across the orifice and fills the low pressure

chamberto ambient pressure and flow is provided

to the diver. Upon exhalation the diaphragm is

pushed outward and the second stage valve is

closed . Expired air is dumped from the low

pressure chamber to the surrounding water

through the exhaust valve.

SINGLE-HOSE REGULATOR

Horseshoe

Diaphragm Actuates

Horsesnoe

Opening

L.P. Valve
Water Pressure on Diaphragm Greater

than Pressure in L.P. Chamber-

Diaphragm Deriected Inward.

Air Held in Body by

L.P. Valve Seating

110 PSIG

H.P. Valve

Seated

H.P. Seat Spring

Return Spring Closes

Valve Seat When H. P.

Diaphragm Compressed

Low-Pressure Seat Spring

Pressure Equilibrium on Both Sides of Diaphragm

Allows Spring to Hold L.P. Valve Closed

Schematics of single hose and double

Exhaust Valve

First and second stages of regulator in static (balanced)

configuration.Figure 5-7

hose demand regulator.
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water from entering the system ) into the exhaust

chamber, and then to the surrounding water.

The double hose demand regulator, since it is

mounted on the cylinder valve behind the diver's

head, is often at a different pressure than that acting

on the diver's cheeks. Because of this , a diver using a

double hose system may find that his facial muscles

start to fatigue during a dive . He may, as a result, find

it difficult to hold the mouthpiece in his lips.

This difference in pressure will be dramatically ex-

perienced if the diver rolls over on his back . The de-

mand valve in the regulator , now deeper in the water

and under greater pressure than his lungs, will open,

and air will free-flow through the system . If unex-

pected , this free-flow could force the mouthpiece out

of the diver's mouth .

A major advantage of the double hose system is that

the air in the supply hose is at a pressure approxi-

mately equal to that of the surrounding water. In the

unlikely event of a rupture of the intake hose, air will

slowly leak to the water at a rate which will not rap-

idly deplete the air supply in the cylinders.

The size and design of the SCUBA mouthpiece dif-

fer between the various manufacturers, but every

mouthpiece serves one basic function : to provide a

relatively watertight channel into the diver's mouth

for his breathing air. The mouthpiece should fit com-

fortably, held in place by a slight pressure from the

lips . Inexperienced divers tend to bite down on the

mouthpiece, eventually chewing through the material .

The cylinders approved for Navy use (also called

tanks or bottles) are of seamless , steel or aluminum

construction. They are designed to hold compressed

air at pressures of 2250 psig , for steel cylinders, and

3000 psig , for aluminum cylinders . Because ofthe ex-

treme stresses imposed on a cylinder at these pres-

sures, all cylinders used in SCUBA diving must be

manufactured to precise specifications and periodi-

cally inspected and tested .

Each cylinder used in Navy operations must have

identification symbols stamped into the shoulder, as

shown in Figure 5-10.

Non-magnetic (aluminum ) cylinders, manufactured

under special Navy contract for use by Explosive

Figure 5-8 Flutter valve in double hose demand regulator

Face Mask

Nasal Cavity

Mouthpiece

Oral Cavity

Teeth

Figure 5-9

mouthpiece.

Diagram illustrates the proper position ofthe
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DOT3AA2015

Z45015

PST

AB

7-60 +

4-65

Steel Cylinders

Aluminum Cylinders

DOT (or ICC) material specification , DOT 3AA

service working pressure , 2015 PSIG

Serial number assigned by manufacturer , Z45015

Identification mark of manufacturer or owner,

PST.

Inspector's Stamp, AB

Month and year of initial qualification test, 7-60

Allowable 10% over service pressure , and

month and year of latest requalification test,

4-65.

Front

1. DOT Specification , Service

pressure in psig and Kg/sqcm

2. Manufacturer's serial number

3. Government identifying marking

4. Inspector's official marking

Back

1a. Aluminum cylinders only-

Rockwell Hardness Number

1. Actual measured wall thickness

(prefix A)/Minimum thickness

permitted by specification

(prefix M)

2. Initials or trademark of

manufacturer followed by

MILSPEC number

3. Date of test (month-year)

followed by test pressure in psig

and Kg/sqcm

4. Date of any retest followed by

retest pressure in psig and

Kg/sqcm

Figure 5-10 Gas cylinder identification markings.

Ordnance Disposal teams, will not bear DOT (formerly

ICC) markings. Steel cylinders procured from com-

mercial sources , outside normal Navy supply chan-

nels, will probably not have any special Navy markings

but must meet DOT requirements .

Open-circuit SCUBA cylinders are to be visually in-

spected every time water or particulate matter is sus-

pected in the cylinder, and at least once everytwelve

months. Cylinders containing visable accumulations

of corrosion are to be cleaned before being placed

back in service.

Steel and aluminum cylinders must be hydrostatically

tested every three years or whenever the cylinder may

have been exposed to damage or when deterioration

from any cause is suspected . Inspection , cleaning

and testing procedures shall be conducted in

accordance with NAVSEA INST 10560 series .

Approved SCUBA cylinders are available in two

sizes , and one or two cylinders may be worn to pro-

vide the required quantity of air during the dive. The

volume of a cylinder, usually expressed in actual

cubic feet or cubic inches, is the measure of the in-

ternal space of the cylinder. The capacity of a cylin-

der, expressed in standard cubic feet or liters, is the

amount of gas (measured at surface conditions)

which the cylinder holds when charged to its pres-

sure rating . Table 5-1 lists the standard sizes of SCU-

BA cylinders.

General safety regulations governing the handling and

use of compressed gas cylinders installed aboard

Navy ships are contained in NAVSEA 0901 - LP-230-

0002 , Chapter 9230. Persons responsible for handling.

storing and charging SCUBA cylinders must be

familiar with these regulations . Safety rules applying

particularly to SCUBA cylinders are contained in

Table 5-2 . Because SCUBA cylinders are subject to

continuous handling , and because of the hazards

posed by a damaged unit , close adherence to these

rules is mandatory.

Cylinder valves and manifolds make up the system

which passes the high-pressure air from the cylinders

to the first-stage regulator. The cylinder valve (also

called the " tank valve") serves as an on/off valve , and

contains a high-pressure blow-out plug (or disc) as a

safety feature in the event of excessive pressure

build-up. When a double manifold is used , two blow-

out plugs are installed . Cylinders rated at 2250 ps

use 3400 psi blowout plugs and cylinders rated at

3000 psi use 3900 psi blowout plugs . The plug rating

is stamped on the face of the plug and cylinders with

incorrect plugs installed must never be used or

charged . The cylinder valve unit is sealed to the tank

5-6
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by a straight threaded male connection containing

a neoprene "O" ring on the valve's body.

If two or more tanks are to be used together , a mani-

fold unit will provide the necessary inter-connection .

Any piping used in a manifold must conform to U.S.

Navy specifications MIL-T-1368 . When attaching

manifolds and valves to the tanks and to each other,

the connections must be compatible . Most units in

use today incorporate an "O" ring as a seal , but some

earlier models may have a tapered thread design .

One type will not connect with the other.

Supply Valve Assembly

Reserve Supply Valve
Figure 5-12

Air reserve mechanism

O-Ring

O-Ring

Figure 5-11 High pressure manifold

O-Ring

The usual air- reserve mechanism contains a spring-

loaded check-valve . For all Navy SCUBA operations ,

the cylinder valve must contain an air- reserve

mechanism . The air-reserve mechanism serves two

purposes: it gives warning to the diver that his air

supply is almost exhausted and it provides the diver

with a quantity of reserve air sufficient to enable him

to reach the surface . When a diver finds it

increasingly hard to obtain a full breath , he should

reach over the left shoulder with theleft hand and

push down the reserve lever , opening the reserve

valve and making the remaining air available to the

diver. The air- reserve mechanism and the sub-

mersible cylinder pressure gage , used jointly, pro-

vides some measure of additional safety . Proper dive

planning within no decompression limits should

alleviate any deployment of the reserve air. Dive

planning should not extend bottom time to include the

use of reserve air.

The diver should never assume that the reserve sup-

ply will be provided-the valve could have been

damaged , the pull rod bent , or the pull rod might have

accidentally been actuated earlier. When the resist-

ance to breathing becomes obvious, the diver should

routinely notify his buddy that he is low on air and they

should both immediately start for the surface . THE

DIVE MUST BE TERMINATED WHEN EITHER DIVER

SHIFTS TO RESERVE AIR.

A variety of positive screw type back- packs , or

harnesses , used for holding the SCUBA on the diver's

back have been approved for Navy use . The

back-pack may include a light-weight frame with the

cylinder(s) held in place with clamps or straps ( not of

quick-release type ) . The normal system for holding

the SCUBA on the diver uses shoulder and waist

straps .

All straps must have a quick-release feature, easily

operated by either hand , so that the SCUBA can be

ditched in an emergency.

AIR DIVING OPERATIONS (SCUBA)
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TABLE 5-1

SCUBA CYLINDER DATA

CYLINDER

DESCRIPTION

RATED INTERNAL

PRESSURE VOLUME

(PSIG)

AIR CAPACITY AT RESERVE RECOMMENDED

RATED PRESSURE PRESSURE MINIMUM

OUTSIDE

DIMENSIONS

INCHES

(INCHES³ ) (FEET³) (LITERS) (PSIG ) PRESSURE-PSIG DIA LENGT

Open-Circuit 2250 700 62.4 1767 500 430 6.8 25

Steel "72"

Open-Circuit 3000 700 81.3 2353 500 600 7.7 26.5

Aluminum 90

TABLE 5-2

SAFETY PRECAUTIONS FOR CHARGING AND HANDLING CYLINDERS

1. Submerge the cylinder to be filled in a tank of water.

2. Make sure that the air reserve mechanism is OPEN .

3. Use only compressed air for filling conventional SCUBA cylinders , never OXYGEN . (The color code

for air is black and the color code for oxygen is green .)

4. Make sure that all fittings are tight before pressurizing lines.

5. Avoid excessive heat when charging.

6. When fully charged , CLOSE the air reserve ; mark the tank as " filled" by putting masking tape overthe

cylinder valve . This also serves to prevent loss of "O" ring .

7. Store filled tanks in a cool , shaded area . Never leave filled tanks in direct sunlight.

8. Handle charged tanks with care : if damaged , or if the tank valve is accidentally knocked loose , the tank

can become a lethal bomb. A tank charged to 2000 psi has enough energy to jet- propel itself through the

air for some distance , tearing through any obstructions on the way.

9. Tanks should always be properly secured aboard ship or in the diving boat and not allowed to freely roll

around.

10. Never work on a tank valve when the cylinder is charged , except to attach a SCUBA regulator , pressure

gage, or to replace an "O" ring .

11. Always use gages to measure tank pressure . Never have your face near the dial of a gage to which

pressure is being applied.

12. Do not attempt to fill any cylinder if the inspection date has expired of if it in any way appears to

be substandard . Dents , severe rusting , bent valves, " frozen " reserve mechanisms , or evidence of

internal contamination (water , scales of rust) , are all signs of unsuitability . See NAVSEA INST

10560 series .

13. Carry tanks by holding the tank valve and body of the cylinder only. Never carry a tank by the back pack

or harness straps . The quick-release buckle can be accidentally tripped -orthe straps might break.
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FACE MASK 5.1.1.2 The face mask primarily pro-

tects the diver's eyes and nose from the water. As a

secondary function it provides maximum visibility

by putting a layer of air between the lens of the eye

and the water, thus permitting the eye to focus on the

transmitted images . This feature , however, is only

minor in comparison to the psychological value of

protecting the eyes and nose from the water.

Face masks are available in a variety of shapes and

sizes. A diver should select the style which makes a

seal and feels comfortable on his face.

Proper fit can be checked in two steps-

1. Holding the mask in place with one hand, inhale

gently through the nose and let go of the mask . It

should stay in place , held by the suction.

2. Put the mask on as it will be worn , with the head

strap properly adjusted , and again inhale gently

through the nose . If the mask seals , it should pro-

vide a good seal in the water.

Some masks are equipped with a one-way purge

valve to aid in clearing the mask of water, and some

masks have "indents" at the nose or a neoprene nose

pad to allow the diver to pinch off his nostrils to equal-

ize the pressure in his ears and sinuses . Several mod-

els are available for divers who wear eyeglasses . One

type provides a prescription-ground faceplate , while

another type has special holders for separate lenses.

Selection of a mask with " special features" is a matter

of personal preference or need . There is, however,

one firm requirement which must be met in any face

mask: the faceplate must be constructed of tempered

or shatter-proof safety glass . Faceplates made of

ordinary glass are a serious hazard to the eyes. Plas-

tic faceplates, which are shatter-proof, are generally

unsuitable because they fog too easily in use and are

easily scratched .

The size or shape of the faceplate is another matter of

personal choice , but the diver should seek a mask

which provides the widest clear range of vision . Full

face masks with a SCUBA mouthpiece , when used

with an approved regulator , may also be used for

Navy diving .

LIFE PRESERVER 5.1.1.3 A Navy approved life

preserver is a mandatory piece of equipment for

SCUBA operations . The principal function is to assist

a diver in rising to the surface and to maintain him on

the surface in a head-up position . The automatic

inflation device on the preserver may be actuated by

the diver himself, or by a buddy should the diver be

unconscious or otherwise unable to help himself.

B

Figure 5-13 Typical , commercially available face masks

Deleted by Change 2
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LIFE PRESERVER

MODEL NSN MILSTANDARD

UDT 9C-4220-00-276-8929 Mil-L-16383

MK 3 1H-4220-00-118-6170 MIL-L-24047 four 31 -gm

NO. AND WT. CO2

CARTRIDGE REQ.

one 18-gm

four 25-gm

LIMITATIONS

36 fsw with open cir-

cuit SCUBA

200 fsw with MK VI and

130 with open-circuit

SCUBA where low

magnetic signature is

required

130' with open-circuit

SCUBA where mag-

netic signature is not

a factor

MILSTANDARD

MIL-C-16385 Type |

MIL-C-16385 Type II

MIL-C-25369 Type I

CO2 CARTRIDGES WT RANGE PERMITTED NSN

18 gm

31 gm

17-21 gm 9C-4220-00-287-3741

30-34 gm

25 gm 25-28 gm

9C-4220-00-965-0595

9C-4220-00-543-6693

Figure 5-15 Life preserver and cartridge specifications .

Two models of life preservers that have been

approved for Navy use with SCUBA are : the UDT life

preserver, which is used primarily for surface

swimming and shallow diving operations ( in water less

than 36 feet) , and the MK 3 yoke type model ,

recommended for all other dives . Both models are

equipped with oral- inflation tubes and automatic

inflation systems employing CO₂ cartridges .

The UDT model uses one 18-gram CO2 cartridge . The

MK 3 has two inflatable chambers , each supplied by a

pair of 31 -gram CO2 cartridges . Figure 5-15 provides

a summary of the approved life preserver

specifications and the CO2 cartridges which may be

used with each . Care must be taken to ensure that the

proper cartridges have been installed in the life

preserver.

WEIGHT BELT 5.1.1.4 The SCUBA is designed to

have nearly neutral buoyancy when in the water. In

general , a unit with full tanks tends to have negative

buoyancy, becoming slightly positive as the air supply Figure 5-16 MK 3 yoke-type life preserver
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is consumed. Most divers are positively buoyant and

need to add extra weight to achieve neutral or slightly

negative status.

This extra weight is furnished by the use of a weighted

belt, worn outside of all other equipment and strapped

so that it can be easily ditched in the event of an

emergency. Each diver may select the style and size.

belt and weights which best suit him . A number of

different models are available through commercial

sources. However, any weight belt shall meet certain

basic standards: the buckle must have a quick-re-

lease feature, easily operated by either hand; the

weights (normally made of lead) should have smooth

edges so as not to irritate the diver's skin or damage

any protective clothing ; the belt itself should be made

of a rot and mildew resistant fabric , such as nylon

webbing.

Cartridge or pistol belts must not be used as weight

belts: the "twist and hook" buckle cannot easily be

released with one hand.

Figure 5-17 Typical weight belt with quick-release clasp .
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Figure 5-18

tie method.

Accepted quick- release cylinder harness
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KNIFE AND SCABBARD 5.1.1.5 Several types of

knives are available as Navy issue : a standard diver's

knife, a combat sheath knife, and , in limited quantities

for divers engaged in missions which require it, a

non-magnetic knife designed for use when diving

near magnetic-influence mines.

Diving knives should have corrosion resistant blades,

such as stainless steel , and a handle of plastic , hard

rubber or wood . Handles made of wood should be

waterproofed with paint, wax or linseed oil . Handles

made of cork or bone should be avoided , as these

materials deteriorate rapidly when subjected to con-

stant immersion , especially in salt water. Cork also

has a tendency to float the knife away from the diver.

Knives may have single or double edged blades,

although a double edge is preferable . The most

generally useful style is sharp on one edge and saw-

toothed on the other. All knives , of whatever style ,

must be kept sharp .

The knife must be carried in a suitable scabbard ,

worn on the diver's hip , thigh or calf-the position.

being a matter of personal preference provided the

knife is readily accessible and does not interfere with

body movement while swimming or working . The

scabbard should hold the knife with a positive but

easily released lock.

The diver must not secure the knife and scabbard to

the weight belt . If the weights are released in an

emergency, the knife will be dropped at the sametime

and will not be available for use in any subsequent

emergency.

SWIMFINS 5.1.1.6 Swimfins increase the effi-

ciency of the diver, allowing him to move faster , far-

ther, and to swim with a lower expenditure of energy.

Fins are manufactured from a variety of materials and

in several styles. There are , however, two basic types:

straight blade and offset blade . The straight blade

directly extends the line of the foot, while the offset

blade is set at an angle . This places the blade in a

nearly horizontal position as the swimmer moves

through the water. Both types are satisfactory , al-

though the straight blade , because it requires a great-

er extension of the foot, may tend to bring on leg

cramps sooner than the offset blade. Selection of

type is a matter of personal preference , although

swimfins with small or very "soft" blades should be

avoided.

Flexibility, blade size and configuration each con-

tribute to the relative "power" of the fin . A large blade

will transmit more power from the legs to the water-

providing that the legs are strong enough to use a

larger blade. The diver should choose the combina-

tion of size and stiffness that gives him the best mo-

tive power without causing excessive fatigue . This is

largely a matter of trial and error, and, as a diver

gains in strength and experience , he will find his re-

quirements changing .

The offset blade normally has a moulded-in socket

for the foot, with the toe area left open . The straight

blade normally has an enclosed toe and an open heel ,

the fin being held on by either a fixed or adjustable

heel strap . This style should always be worn with

protective footgear, such as rubber boots, to prevent

irritation to the foot.

Figure 5-19 Various types of swim fins
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Figure 5-20 Wrist depth gage MK 1 MOD 0

WRISTWATCH 5.1.1.7 Diver's watches must be

waterproof, pressure-proof and equipped with a rotat-

ing bezel outside the dial which can be set to indicate

the elapsed time of a dive . A luminous dial with large

numerals is also necessary. Additional features such

as automatic winding , nonmagnetic components and

stop-watch action can be obtained . Adivermayselect

from a variety of Navy-approved watches obtained

through commercial sources. The wristwatch should

be worn on the same arm as the depth gage since

the functions of the two are so closely related in the

depth-time considerations of the dive.

DEPTH GAGE 5.1.1.8
The depth gage measures

the pressure created by the water column above the

diver and is calibrated to provide a direct reading of

depth in feet. Depth gages are designed to be read

under conditions of limited visibility and should be

worn on the wrist, alongside the watch.

Depth gages approved for Navy diving operations

are accurate to within one foot at depths to 50 feet ,

and within 3 feet at depths from 50 to 200 feet. The

mechanism of the gage is relatively delicate and , like

a watch, can be damaged by rough handling . Since

accurate determination of depth is so important to a

diver's safety, the accuracy of a gage must be checked

at least every six months or whenever a malfunction

is suspected . This can be done by either taking the

gage to a known depth and checking the reading , or

Figure 5-21 Cross sectional view of depth gage.

by placing it in a recompression chamber (make sure

that the recompression chamber's depth gage has

been calibrated) . If recalibration of the gage is nec-

essary, it should be carefully done in accordancewith

the manufacturer's instructions.

SUBMERSIBLE CYLINDER PRESSURE GAGE 5.1.1.9

The submersible cylinder pressure gage provides the

diver with a continual readout of the air remaining in

his tanks . Various submersible pressure gages

suitable for Navy use are commercially available.

Most are equipped with a two-to three-foot length of

high-pressure rubber hose with standard fittings , and

are secured directly into the first stage of the

regulator . When turning on the cylinder air, the diver

should turn the face of the gage away from him

because of the danger of blowout . When worn , the

gage and hose should be tucked under a shoulder

strap or otherwise secured to avoid its entanglement

with bottom debris or other equipment.

Optional Equipment 5.1.2 Depending upon the

requirements of the specific diving operation , any or

all of the following optional diving equipment maybe

necessary:

-Protective Clothing

- Slate and Pencil

-Signal Flares

-Lines

-Witness Float
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-
- Light

-Whistle

- Tools

-Tool Bag

- Snorkel

-WristCompass

PROTECTIVE CLOTHING 5.1.2.1 A diver needs

some form of protection from cold water , from heat

loss during long exposure in water of moderate tem-

perature, from chemical or bacterial pollution in the

water, or from the hazards posed by marine life and

underwater obstacles.

@
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WetSuit

WaterWarmed to

BodyTemperature

Dry Suit

Underclothing affords

insulating air spaces

LegLeg

Figure 5-22 Typical wet suit with hood and booties. Note

signal flare and quick- release weight belt.

The most basic item of protective clothing is a pair of

gloves. They can be made of leather, cloth or rubber,

depending upon the degree and type of protection

required. Gloves primarily shield the hands from cuts

and chaffing , but normally they are not too effective in

warding offthe effects of cold water. Some styles are

particularly designed to have insulating properties ,

but because of their thick construction severely limit

the diver's dexterity..

Protection for the rest of the body may be provided

by a wet suit, a dry suit, thermal underwear- or by

some combination of the three.

The wet suit is a form-fitting suit, usually made of

closed-cell neoprene . The suit is designed to permit

a thin layer ofwater to be entrapped next to the diver's

skin, where it is warmed by the heat from his body.

Wet suits are available in thicknesses of 8, 3/16, 14.

38 and 2 inch ; the thicker the material , the better the

insulation , but the more restrictive to movement . The

selection of the type of wet suit used is leftto the

preference of each diver. Standard size suits , as well

as custom fitted suits , are available at most commer-

cial diving shops.

The most important factor in selecting a wet suit is to

obtain a proper fit . The suit must not be so tight asto

Foam Neoprene

(insulator)

Figure 5-23

Sheet Rubber

Comparison ofwet and dry suits.

be uncomfortable or to restrict the diver's movements,

but it must be snug . Whenever possible, a custom-

fitted suit is recommended.

The performance of a wet suit depends on many

variables, the prime ones being suit thickness , water

temperature and depth , which governs the working

thickness of the suit . Non-compressible wet suits are

available which offer significantly better thermal pro-

tection than standard wet suits at depths below

50 feet.

A recently developed dry suit , is the variable volume

drysuit which has proven to be extremely effective in

keeping divers warm in near-freezing water. It is

constructed of 1/4 inch closed-cell neoprene with

nylon backing on both sides . Boots are provided as an

integral part of the suit, but the hood and 3-finger

gloves are separate.

The suit is entered by means of a water and pressure

proof zipper which runs from the breastbone down

around the crotch and up to the base of the neck in

back . Inflation is controlled using the inlet and outlet

valves which are fitted in the suit . Air is supplied from

a pressure reducer on an auxiliary cylinder.

Generally, about 0.2 actual cubic feet of air is

required for normal inflation . Due to this inflation ,

slightly more weight than would be used with a

standard wet suit must be carried on the diver's

AIR DIVING OPERATIONS (SCUBA) 5-13
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Figure 5-24

Figure 5-25
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Figure 5-26

5-14

Student diver wearing a dry suit.

Diver communication via a slate .

SIGNAL, SMOKE AND ILLUMINATION,

MARINE, MK 13 MOD O
US PATENT 2,455,242

HARVELL- KILGORE, CORP. TOONE, TENN.

NI04-15216A LOT NO 40 HK 1266 DECISG6
TO IGNITE FITHER SIGNAL

Mark 13 Mod O Signal Flare

weight belt, or alternately, weighted shoes may be

worn overthe boots .

By itself, the dry suit does not offer much thermal pro-

tection , so thermal underwear is normally worn under

the suit for insulation . For even greater protection , a

wet suit may be worn under the dry suit , functioning

as heavy set of underwear.

Wet or dry suits can be worn with hoods, gloves,

boots, or hard soled shoes, as conditions require. If

the diverwill be working under conditions where his

suit may be easily torn or punctured , he should be

provided with some additional protection in the form

of coveralls or heavy canvas chafing gear.

SLATE 5.1.2.2 A sheet of acrylic, sandpapered

on both sides to present a roughened surface , makes

an excellent writing slate for recording data, for carry-

ing or passing instructions , and for communicating

with another diver underwater. A grease pencil or a

regular graphite pencil should be attached to the

slate with a lanyard.

SIGNAL FLARE 5.1.2.3 A signal flare is useful

for attracting attention on the surface , particularly if

the diver has surfaced too far away from his support

crewto be noticed . Any waterproof flare which can be

carried and safely ignited by a diver can be used, but

the preferred type is the Mark 13 Mod 0. This is a dual

day/night signal , giving off a heavy reddish orange

smoke for daytime use and a brilliant red light for

use at night. Each signal lasts for approximately 90

seconds. The night-end of the flare is identified by a

ring of raised beads . When a flare is carried , it should

not be fastened to the weight belt or to any other piece

of equipment which might be ditched in an emer-

gency. It also must not be fastened by its pull ring .

LINES AND FLOATS 5.1.2.4 A lifeline should be

used in any situation where it is important to keep

track of the diver's location , to be able to exchange

signals with him , or where visibility is so poor that

buddy divers could not otherwise keep track of each

other. There are three basic types of lifelines: the

surface line , the float line and the buddy line . In all

instances of use, never attach a lifeline to a piece of

equipment that may be ditched in an emergency.
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One end of the surface line is secured to the diver

and the other is tended from a surface craft . This line

should be used when a diver is working without a

buddy or when diving conditions seem particularly

hazardous.

The float line reaches from the diver to a suitable

"witness float" on the surface . This float can be a

brightly painted piece of wood , an empty sealed plas-

tic bottle, a life ring , or any similar buoyant, visible

object. An inner tube with a diving flag attached

makes an excellent witness float and gives a surfaced

diver something to hang on to as well . If a pair of

divers are involved in a search , the use of a common

float will give them a simple rendezvous point . Addi-

tionally, various descending and messenger lines can

be tied to the float, and tools or other equipment

can be kept on the float, ready for use.

A buddy line, 6 to 10 feet long , is used to connect the

buddy divers at night or in other conditions of poor

visibility.

Any line used in SCUBA operations should be strong,

and have neutral or slightly negative buoyancy. Nylon,

dacron and manila are all suitable materials.

SNORKEL 5.1.2.5 A snorkel is a simple breathing

tube which allows a diver to swim on the surface with

his face in the water. This permits him to search a

moderately shallow depth from the surface , conserv-

ing his SCUBA air supply. It also permits the diver to

swim over a long distance without having to hold his

head out of the water, which can become very tiring .

Snorkels are manufactured in a variety of models.

Many ofthese incorporate a system of valves , intend-

ed to keep water out of the tube . Such an arrangement

is basically unnecessary, since water which does.

enter the snorkel can easily be blown out. The valves

and flaps only serve to complicate what is otherwise

a simple, basic , and useful piece of equipment .

When snorkels are used for skin-diving , they are often

attached to the face mask with a lanyard or rubber

connector. For SCUBA work, where the snorkel is.

more of an accessory than a primary piece of equip-

ment, it should be tucked under the belt when not in

use.

Figure 5-27 Commercially available snorkels

A small magnetic com-WRISTCOMPASS 5.1.2.6

pass, worn on the wrist, is commonly used as an aid in

underwater navigation . Such a compass is not par-

ticularly accurate , but it can nonetheless prove to be

of great value, especially under conditions of poor

visibility . The Mark I Mod I wrist compass is the only

unit approved for use by Navy divers . When used , it

should be worn on the arm opposite the one on which

the depth gage and watch are worn to avoid magnetic

interference .

A note on wearing wrist devices : straps should

be of nylon, leather or plastic and should pass

over both retaining pins and under the device.

Expansion bands are not suitable , nor are any

two piece bands which fasten on each side ofthe

device. With a one-piece band , the device will

still be held on the wrist even if one of the pins

should fall out of place. Additionally, the strap

should be large enough to fit over any protective

clothing which may be worn , including , for ex-

ample, both a wet suit and gloves

same time .

Hazardous Equipment 5.1.3

EARPLUGS AND GOGGLES 5.1.3.1

worn at the

Never use

earplugs. Earplugs keep water out of the external

ear passages, making equalization of pressure im-

possible. The result could be an internal squeeze of

the eardrum , or damage to the eardrum from the

plug itself being forced into the ear. In a serious case,

complete loss of hearing could result.

Never use goggles . Goggles do not enclose the nose

and therefore the pressure inside cannot be equal-

ized . Serious tissue damage can result from the water

pressure forcing the rim of the goggles into the face,

or the effects of squeeze tending to force the eyes

into the goggles.
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OTHER HAZARDOUS EQUIPMENT 5.1.3.2 Any

equipment which is unnecessary to the particular

dive, even though it may itself be a normal and "safe"

piece of gear, is a potential hazard because it gives

the diver more things to keep track of or to have get

in hisway.

Any equipment not on the approved list—especially

any items which fall into a general category of

"gadget" should not be used . An example of this

type of gear is a decompression meter, available on

the commercial market . A Navy diver must use the

Standard Decompression Tables , and reliance on any

such mechanical device is prohibited without special

approval . Submersible wrist compass , watch , and

depth gauges which are covered by NAVSUPINST

5101.68 series , are items controlled by the Nuclear

Regulatory Commission and require leak testing and

reporting every six months.

PREPARATIONS FOR SCUBA DIVING

OPERATIONS 5.2

Before any diving operation may begin , three basic

steps must be taken . First , the air supply must be

provided . Second , all equipment must be assembled

and thoroughly checked . Third , the diver must be

dressed and given his final pre-dive briefings.

THE AIR SUPPLY 5.2.1 A detailed discussion of

all aspects of air supply systems is presented in

Chapter Six. The following discussion is generally

limited to the subject of air supply systems to be used

in SCUBAdiving.

The air used in any diving operation must meet four

basic requirements-

-The air must meet all purity standards of the

Bureau of Medicine and Surgery.

-A sufficient volume of air supply must be avail-

able to meet planned requirements plus an allow-

ance for an adequate reserve .

-The delivery system must provide a sufficient

flowof airto the diver.

-The system must deliver air to the diver at the

proper pressure .

An important early step in preparing for any SCUBA

dive is to compute the air supply requirement, and

then to ensure that the required supply will be avail-

able at the time of the dive . Since the air supply is

furnished in cylinders of definite capacity, require-

ments are directly linked to the duration of the air

supply, atworking depth .

The following sections will present-

-a step-by-step demonstration of the recommend-

ed method for calculating duration of air supply.

– sources and standards for air used in SCUBA.

-methods for charging SCUBA cylinders.

-safety precautions for charging and handling

cylinders .

DURATION OF AIR SUPPLY 5.2.1.1 The duration

of air supply of any given cylinder or combination of

cylinders is dependent upon the diver's consumption

rate , the depth, and the capacity and recommended

minimum pressure of the cylinder(s) . The effect of

temperature is usually not significant in computing

the duration of the air supply, unless the temperature

conditions are extreme . In this event, the relationship

discussed in Chapter Two (Charles ' Law) must be

applied.

The duration of the air supply of the various approved

SCUBA cylinders, singles and doubles, may be read

directly off the charts shown in Table 5-3 , or it may

be calculated as shown below.

A diver's consumption rate, or respiratory minute

volume, varies depending upon how hard he is work-

ing . Figure 5-28 shows this basic relationship .

Since the quantity of air in each " actual cubic foot"

breathed bythe diver will be influenced by the depth

and the temperature of the air at depth , the consump-

tion rate in standard cubic feet per minute must be

determined .

C

D +33

33

Where,

x Rm x FTD

C = Diver's consumption rate , scfm

D = Depth , f. s . w.

=
Rm Diver's respiratory minute volume , acfm

FTD = Temperature factor at depth

The temperature factor (FT) is dependent upon the

temperature of the air at depth as follows-

Temperature

40°F

70°F

100°F

FTD

1.07

1.00

0.94
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TABLE 5-3

DURATION OF AIR SUPPLY-SCUBA CYLINDERS

DURATION OF SINGLE ALUMINUM 90-SCF

SCUBA CYLINDER

From 3,000 psi to a reserve of 500 psi

3000 psi 700 in.3 flask

Respiratory Minute Volumes

18 LPM swimming 0.5 knot (slowly)

D
e
p
t
h

,f
e
e
t

120

30 LPM swimming 0.85 knot (avg speed ) 100

40 LPM swimming 1.0 knot

60 LPM swimming 1.2 knots

DURATION OF TWIN ALUMINUM 90-SCF

SCUBA CYLINDERS

From 3,000 psi to a reserve of 500 psi in one flask

3000 psi 1400 in.3 flask

Respiratory Minute Volumes

18 LPM swimming 0.5 knot (slowly)

30 LPM swimming 0.85 knot (avg speed)

40 LPM swimming 1.0 knot

60 LPM swimming 1.2 knots

RMV 60 40 30

0

18

0 10 20

Duration , minutes

3
0
9

80

No-
60

decompression limit

40 50 60 70 80

DURATION OF SINGLE STEEL 72-SCF

SCUBA CYLINDER

From 2,250 psi to a reserve of 500 psi

2250 psi 700 in.3 flask

Respiratory Minute Volumes

No-decompression limit

40

4
0

RMV 60 40 30 18

2
0

20

0

9
090 0 20 40

Duration, minutes

60 80 100 120 140 160 180 200

D
e
p
t
h

,f
e
e
t

120

18 LPM swimming 0.5 knot (slowly)

100
30 LPM swimming 0.85 knot (avg speed)

40 LPM swimming 1.0 knot

60 LPM swimming 1.2 knots

RMV 60 40 30 18

DURATION OF TWIN STEEL 72-SCF

SCUBA CYLINDER

From 2,250 psi to a reserve of 500 psi in one flask.

2250 psi 1400 in.3 flask

Respiratory Minute Volumes

18 LPM swimming 0.5 knot (slowly)

30 LPM swimming 0.85 knot (avg speed)

40 LPM swimming 1.0 knot

60 LPM swimming 1.2 knots

No- 60

decompression limit

No-decompression limit

40

RMV 60 40 30 18

20

0 10 20 30 40

Duration, minutes

0

5
050 60 70 80 90 0 20 40 60 80 100

Duration , minutes

120 140 160 180
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The capacity of air which will be provided by a given

cylinder must be expressed as the capacity of air

which will actually be available to the diver, rather

than as a total capacity of the cylinder. This available

capacity may be determined as—

V₁=

where,

Vc (N ) ( Pc - Prm ) x Ftd

Pr

Va-Capacity available , scf.

V =Rated capacity of cylinder , scf.

N=Number of cylinders

P. Measured cylinder pressure , psig .

P =Recommended minimum pressure of cylin-

der, psig .

P, Rated pressure of cylinder, psig .

Ftd Temperature factor at depth .

To determine the duration , in minutes, of this available

capacity, divide the capacity available (scf) by the

consumption rate (scfm).

V₂

Duration= a

Example-

C

Problem-Determine the duration of air supply to a

diver doing moderate work at 70 feet using twin " 72"

cubic foot cylinders charged to 2000 psig . Tempera-

ture at depth is 70 ° F .

Solution-The diver's consumption rate at depth is

determined from Figure 5-28 to be 1.2 acfm . Calcu-

late this consumption rate in standard cubic feet per

minute using equation 5-1 .

Consumption Rate=

70 + 33

x 1.2 x 1.0

33

Consumption Rate=3.75 scfm

Table 5-1 gives the following data for "72 " cubic foot

cylinders-

=62.4 scf

=2250 psig

Recommended minimum pressure=430 psig

Cylinder rated capacity

Cylinder rated pressure

Using these values in equation 2-

Va=

2250

62.4 x 2 (2000-430) x 1

Va=87.1 scf

The duration ofthe air supply is found from equation 3–

87.1 scf

Duration :
=

3.75 scfm

= 23.2 minutes

In this example, the total time for the dive, from initial

descent to surfacing at the end - is limited to less

than 23.2 minutes.

STANDARDS FOR AIR 5.2.1.2 Air used in

SCUBA operations must meet standards of purity as

established by the Bureau of Medicine and Surgery.

This is true no matter what the source of the air or the

method used for charging the cylinders . These

standards are-

-Oxygen concentration

-Carbon dioxide

-Carbon monoxide

-Total hydrocarbons

-Particulates

-Odor

20-22% by volume

1000 ppm maximum

20 ppm maximum

25 ppm maximum

5 mg/m3 maximum

Not objectionable

These standards are for non -saturation air dives for

less than 200 FSW and are measured at standard

temperature and pressure .

To insure that the source of divers breathing air,

whether a compressor or HP cylinders , does satisfac-

torily meet the standards established above , it must

be checked at intervals not to exceed six months .

Presently, equipment for analyzing air is not available

at most of the sources which supply diving air . Air

samples must be taken using evacuated sampling

flasks provided for this purpose , and submitted to a

qualified laboratory for analysis .

SOURCES OF AIR 5.2.1.3 Compressed airwhich

meets the established standards can usually be

obtained from the following Navy sources-

-Torpedo shops

-Naval Air Stations

-Submarine Tenders

-Submarine Rescue Ships

-Destroyer Tenders

-Aircraft Carriers

-Explosive Ordnance Disposal (EOD) Teams

S
C
U
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A
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Figure 5-29 Gaging SCUBA cylinders
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Figure 5-28 Relation of respiratory volume and oxygen

consumption to type and level of exertion

-Underwater Demolition Teams (UDT)

-Naval Shipyards and Repair Facilities.

-Underwater Construction Teams (UCT)

-Naval Amphibious Construction Battalion

Diving Lockers

In the absence of appropriate naval facilities , air may

be procured from commercial sources . Any civilian

agency or firm which handles compressed oxygen

can usually provide pure compressed air . Air

procured from commercial sources must meet the

requirements of Grade A air as specified by FED

SPEC BB-A-1034A . Air procured from any source

must be contained in cylinders which meet required

legal standards for high-pressure compressed air.

Cylinders must bear a serial number , a DOT

inspection stamp, a pressure rating and the date of

the last hydrostatic test .

METHODS FOR CHARGING SCUBA CYLINDERS

5.2.1.4 It is often impractical to obtain ready-

service supplies of air in the form of filled SCUBA

cylinders . The diving unit (which may be attached to

one of the primary "sources" of air previously listed)

will usually charge its own cylinders by one of two

accepted methods-

-Cascading, or transferring air from banks of large

cylinders into the SCUBA tanks .

-High-pressure air compressor.

Cascading is the fastest and most efficient method

for charging SCUBA tanks . The normal cascade sys-

tem will include a minimum of three 220 or 270 cubic

foot cylinders , (designated A, B , C, etc. ) manifolded

together and feeding into a special SCUBA high-

pressure "whip. " This whip consists of a SCUBAyoke

fitting, a pressure gage, and a bleed valve for reliev-

ing the pressure in the lines after charging a cylinder.

A cascade system , with attached whip, is shown in

Figure 5-30.

SCUBA tanks are charged in the following manner-

A. Check the existing pressure in the SCUBA

cylinder, using a reliable pressure gage.

B. When satisfied that the cylinder is not con-

taminated , attach it to the yoke fitting on the whip . For

safety (in the event of an exploding cylinder) and for

efficiency (to dissipate heat generated in the charg-

ing process) it is advisable, when facilities are avail-

able, to immerse the SCUBA cylinder in a tank of

waterwhile it is being filled . A 55-gallon drum makes

a suitable container for this purpose.
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Figure 5-30

cylinders

C.

Cascading system for charging SCUBA

Make sure that all fittings in the system

are tight.

D. Close the bleed valve , open the cylinder air

reserve mechanism and cylinder valve . This valve

(the on/off valve) is fully opened with about two

turns of the handle, counter-clockwise . However, the

valve must not be used in a "fully open" position as it

might tend to stick or be easily stripped by a diver

trying to force open a valve that he thinks is closed .

The proper procedure is to open the valve all the

way, and then back-off 1/4 to 1/2 turn . This will not

materially impede the flow of air.

E. Slowly open the valve on cylinder A. The sound

of the air flowing into the SCUBA cylinder will be

noticeable . Control the flow so that the pressure in

the cylinder increases at a rate not to exceed 400

psig per minute . The rate of filling must be controlled

to prevent overheating ; the cylinder should never be

allowed to become too hot to touch.

F. After a time the pressure in cylinder A and in

the SCUBA cylinder will equalize and the audible

flow of air will cease . Close the valve on cylinder A,

and slowly open the valve on cylinder B. Again,

control the rate of flow to limit the pressure change to

400 psig/minute.

G.
The pressure gage should be closelywatched,

and whenthe reading approaches the rated- pressure

for the SCUBA cylinder, the valve on cylinder B

should be closed and an accurate reading made.

H. If the pressure between cylinder B and the

SCUBA cylinder has equalized before the rated

5-20
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pressure is achieved , close the valve on cylinder B

and slowly open the valve on cylinder C until the

desired pressure has been reached .

I. Close the valve on the charging cylinder. Close

the on/off valve on the SCUBA cylinder. Check to see

that all valves in the system are firmly closed . Waitfor

the SCUBA cylinder to cool to room temperature.

(Without a water bath , this could take as long as

two hours).

J. When the cylinder has cooled , the pressure will

have dropped . Open the on/off valve on the SCUBA

cylinder and then the valve on cylinder C to bringthe

pressure up to the rated limit . Then close all valves .

K. Open the bleed valve and de-pressurize the

lines. When air has stopped flowing through the bleed

valve , disconnect the SCUBA cylinder from the yoke

fitting . Reset the reserve mechanism as appropriate .

Additionally, it is a good practice to put a piece of

masking tape over the cylinder valves. This helps to

keep out dirt , and is another means for identifying a

full SCUBA cylinder .

These procedures can be repeated to fill additional

SCUBA cylinders . Eventually, the pressure in cylinder

A will reach a level of 300 psig , at which time that

cylinder must be removed from the system . Cylinder

B now replaces cylinder A, and cylinder C likewise

replaces cylinder B. A new cylinder is put on the line,

taking the place of cylinder C. Alternatively , the entire

bank can be re-charged ( if an adequate compressor

is available). This is often the preferable method

because moving the large air cylinders , especially

aboard a ship that is rolling and pitching , can be both

difficult and hazardous.

Air compressors can be used to directly charge

SCUBA cylinders , but because of the high pressure

required few compressors can deliver air in sufficient

quantity for efficient operation . For example, the

capacities of various portable compressors range

from 0.3 to 1.5 cubic feet per minute. At these rates, it

could take as long as four hours to fill one 72 -cubic

foot cylinder.

If a suitable compressor is available , the basic charg-

ing procedure will be the same as that outlined for

Deleted by Change 2

cascading except that the compressor will replace

the bank of cylinders . Special considerations which

apply to the use of air compressors are-

-the compressor must deliver air at the established

standards of purity.

-
the compressor should be equipped with accept-

able filters to remove impurities from the air. These

should be regularly checked and cleaned.

-the standards for inspection and maintenance, out-

lined in the NAVSEA 0901 - LP-490-0003 Chap . 9490

and NAVSEA 0901 - LP- 940-0002 Chap . 9940 must be

carefully met .

-an engine-driven compressor must always be

mounted so that there is no danger of taking in ex-

haust fumes from the engine or other contaminated

air from local sources.

- only approved lubricants , as discussed in Section.

6.6.2.1 of Chapter Six are to be used.

Additional information on the use of air compressors

will be found in Chapter Six .
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Equipment Preparation 5.2.2 Prior to any dive,

all equipment must be carefully inspected for signs

of deterioration , damage or corrosion and must be

tested for proper operation where required . The

procedures which follow have resulted from many

years of diving experience and are to be carefully

followed . Pre-dive preparation procedures must be

standardized , must never be altered in the interests

of "convenience," and must be the personal concern

of each diver. Every diver must always check his

own equipment and must never assume that any

piece of equipment is ready for use unless he has

personally verified that readiness, even if other per-

sonnel have been assigned to prepare and check-out

the equipment.

Table 5-4, a general checklist for Equipment Prepara-

tion , contains step-by-step instructions for thorough

pre-dive inspection and testing of all equipment .

Figure 5-32 Navy team checking and preparing equipment

prior to a diving operation .

TABLE 5-4

EQUIPMENT PREPARATION (SCUBA)

GENERAL CHECKLIST

Air Cylinders

Inspect for rust, cracks , dents or any other evidence

of weakness or fault. Pay particular attention to

loose or bent valves.

Check cylinder markings and verify suitability for

use. Check that the hydrostatic test date has not

expired .

Remove masking tape and/or valve cover and in-

spect O-ring and valve threads.

Verify that the reserve mechanism is in a closed

position signifying a filled cylinder ready for use.

Gage the cylinders according to the following

procedure:

1. Attach pressure gage to the on/off valve.

2. With gage bleed valve closed and air reserve

mechanism open , slowly open the cylinder on/

off valve, keeping a rag over the face of the

gage.

3. Read pressure gage . If the pressure in the cyl-

inder is not sufficient to complete the planned

dive, the cylinder is inadequate and should not

be used until it is filled .

4. Close the cylinder on/off valve and open the

gage bleed valve . When the gage reads " O" re-

move it from the cylinder. Close the air reserve

mechanism . If the pressure in cylinders is too

high (50 psi over rating) open the cylinder on/

off valve to bleed off excess and re-gage

cylinder.

Harness Straps and Back-Pack

Check for signs of rot or excessive wear. Adjust

straps for individual use, and test quick- release

mechanisms.

Breathing Hoses

Checkthe hose(s) for cracks or punctures . Test the

the connections of each hose to the regulator and

mouthpiece assembly by tugging on the hose.

Check the clamps for corrosion and damage ; re-

place as necessary.
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TABLE 5-4- cont'd

Regulator

Attach regulator to the cylinder manifold, making

certain that the O- ring is properly seated . Open the

cylinder valve all the way and then back off ¼ turn .

Check for any leaks in the regulator by listening for the

sound of escaping air.

If a leak is suspected , determine the exact location

by submerging the valve assembly and the regula-

tor in a tank of water and looking for bubbles . Fre-

quently the problem can be traced to an improperly

seated regulator . This is corrected by closing

the valve, bleeding the regulator , detaching and

reseating .

If leak is at the O- ring , and re-seating does not solve

the problem , replace the O-ring.

With either a single-hose or a double- hose unit, the

hose supplying air should come over the diver's

right shoulder with the exhaust hose on the double-

hose unit passing back over his left shoulder.

Double-hose regulators are attached so that the in-

halation and exhaust ports face up when the tank

is standing upright.

Inhale and exhale several times through the

mouthpiece, making sure that the demand stage

and check valves are working correctly. With a

single-hose regulator , depress and release the

purge button at the mouthpiece and listen for any

sound of leaking air. Breathe in and out several

times. Close the cylinder on/off valve.

Life Preserver

Orally inflate to check for leaks, and then squeeze

all of the air out. The final amount of remaining air

in the vest should be sucked out so that the pre-

server is completely empty.

Inspect the CO2 cartridges to make sure that they

have not been used (seals intact) and are the proper

size for the vest being used . The cartridges should

be weighed upon receipt and every six months

thereafter and discarded if the weight varies more

than 3 grams from the gross weight stamped on the

cartridge . Ref. Chap . 077 Paragraph 077-5.26 Naval

Ships Technical Manual.

The firing pin should move freely and not be worn.

The firing lanyards and life preserver straps must

be free of any signs of deterioration . When inspec-

tion ofthe preserver is completed , place it where it

will not be stepped on or mixed in with other equip-

ment that may damage it . Life preservers should

never be used as a buffer, cradle , or cushion for

other gear.

Face Mask

Check the seal of the mask and the condition ofthe

head strap . Check for cracks in the skirt and

faceplate .

Swim-Fins

Check straps and inspect blades for any signs of

cracking .

Diving Knife

Test the edge of the knife for sharpness , and make

sure that the knife is fastened securely in the scab-

bard . Verify that the knife can be removed without

difficulty.

Snorkel

Inspect the snorkel for obstructions , and checkthe

condition of the mouthpiece.

Weight Belt

Check that the belt is in good condition and that

the proper number of weights are in place and se-

cure. Verify that the quick- release buckle is func-

tioning properly .

Wristwatch

Check that the watch is wound and set to the cor-

rect time. Inspect the pins and strap of the watch

for wear.

Depth Gage and Compass

Inspect pins and straps on each . If possible , check

compass against another compass . Make com-

parative checks on depth gages.

General

Inspect any other equipment which will be used on

the dive as well as any spare equipment that may

be used during the dive . This would include spare

regulators , cylinders , and gages. Also check all

protective clothing , lines, tools , flares, and other

optional gear. Finally, lay all equipment in a place

where it will be out of the way of deck traffic and

ready for use.
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B.Diver Preparation 5.2.3 Whenthe diver has com-

pleted inspecting and testing his equipment , he re-

ports his readiness to the Diving Supervisor.

C.

At this time the divers should be given a pre-dive re-

view of the dive plan . This review is critical to the

success and safety of any diving operation , and is

concerned only with the particular dive which is

about to begin . All personnel who are directly in-

volved in the dive should be included in the review-

and all must understand every detail ofthe plan .

Items which should be covered include-

-dive objectives

-time limits for the dive

-task assignments

-buddy assignments

-worktechniques and tools

-phases ofthe dive

-route to the work site

-special signals

-anticipated conditions.

-anticipated hazards

-emergency procedures , particularly, when to

abort the dive , what will be done in the event ofa

lost diver.

When the Diving Supervisor and the divers are all sat-

isfied that the requirements of the operation are fully

understood and that the divers are in good health

and otherwise ready to proceed , the divers may dress

for the dive .

DRESSING 5.2.3.1 Every SCUBA diver must be

able to put all of his gear on by himself, although the

assistance of a tender or buddy is encouraged .

Dressing sequence is important as the weight belt

must be outside of all backpack harness straps , or

other equipment which could prevent its quick release

in the event of an emergency .

A. Protective clothing . For ease in putting on a

dry suit or a wet-suit , the body and the suit should be

sprinkled with talcum powder or corn starch . If the

suit is wet from a previous dive, or if the diver is per-

spiring heavily, a small quantity of liquid detergent or

other dishwasing liquid may be used .

D.

the

E.

F.

G.

Boots and hood.

Knife (if worn on the ankle or about the waist) .

Life preserver, with inflation tubes in front and

actuating lanyards exposed and accessible.

Knife (if worn on the life preserver) .

Weight belt.

SCUBA. Most easily put on with the aid of

a tender who can hold the tanks in position whilethe

diver fastens and adjusts the harness . The SCUBA

should be worn centered on the diver's back as high

as possible but not so high that his head , when tilted

far back, will hit the regulator . All quick release buck-

les must be so postioned that they can be reachedby

either hand . All straps must be pulled snug so that

the cylinders are held firmly against the body. The

ends of the straps must hang free so that the quick-

release feature of the buckles will function . Ifthe

straps are too long , they should be cut and the ends

whipped with small line or a plastic sealer. At this

time, the cylinder on/off valve should be opened fully

and then backed off 1/4 to 1/2 turn.

H.
Accessory equipment (watch , compass, and

depth gage; snorkel tucked into belt or under a strap:

other equipment secure but not in the way).

I. Gloves.

J. Swim Fins.

K. Mask (hold in hand with strap around wrist) .

The diver should now report "Ready" to the Diving

Supervisor. He is not, however, cleared to dive un-

til a final visual check has been made by the Diving

Supervisor and until he has tested the operation of

the SCUBA. During this final pre-dive inspection the

Diving Supervisor must-

-Verify that all divers have all minimum required

equipment (SCUBA, face mask, life preserver,

weight belt, knife and scabbard , swim fins).

-Verify that at least one diver per diving team is

wearing both a wristwatch and a depth gage.

-Verify that the cylinders have been gaged and

that the available volume of air is sufficient for the

planned duration of the dive .

- Ensure that all quick-release buckles and fasten-

ings can be reached by either hand and are prop-

erly rigged for quick release.
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1 .

The Life preserver is on and properly tied - not with a quick-

release tie-and the loose straps are wrapped on themselves .

The diver has both depth gage and watch on.

NOTE: The Life preserver should not be tight- but should

allow for expansion in the event of inflation .

Figure 5-33 At the start of this sequence the diver has

already checked all his equipment and dressed into his wet

suit.

-Verify that the weight belt is outside of all other

belts, straps and equipment, and is not likely to

become pinched under the bottom edge of the

cylinders.

-Verify that the life preserver is not constrained , is

free to expand, and that all air has been evacuated.

-Check position of the knife to ensure that it will re-

main with the diver no matter what equipment he

may jettison.

-Conduct time check and synchronize watches.

-Ensure that cylinder valve is open and then back-

off 1/4 to 1/2 turn.

-With mouthpiece or full face mask in place , have

diver breathe in and out for 30 seconds . While do-

ing this, he should be alert for any impurities in the

air or for any unusual physiological reactions .

-Give the breathing tube(s) and mouthpiece a final

check; make sure that none ofthe connections have

been pulled open during the process of dressing .

-Check the air reserve pull-rod , to make sure that it

has not been bent and is free to move.

-Check that the air reserve mechanism is in the

closed position (the pull rod in the "up" position) .

-Conduct brief final review of the dive plan .

-Ensure that the divers are physically and mentally

ready to enter the water.

-Verify that the proper diving signals are being

displayed and that personnel and equipment are

ready to give proper visual , sound or radio signals

to warn off other vessels.

The diver is now ready to enter the water , where his

SCUBA must be given another brief inspection by his

buddy or tender prior to descent.

2.

The weight belt , properly weight balanced , is next and

tied with a quick - release tie or clasp .

NOTE: It is not generally recommended that the diver

knife be worn on the weight belt as is shown in this sequence.

3-4.

To prevent face mask fogging , saliva is normally rubbed

over the inner surface of the lens and rinsed in water.
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5.

The diver has his hood on and with the aid of a tender is

preparing to put the SCUBA on . Shoulder straps have been

adjusted and tied for quick-release.

With the tender supporting the weight of the tanks the

diver slips into the shoulder straps.

6.

7-8.

Generallythe tender will have to assist the diver with the

second shoulder strap while still supporting the weight of

the cylinders.

9.

Once the straps are in position and not twisted , the tender

will aid in adjusting the SCUBA to the proper position on the

diver's back.
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IS AFLOAT

LOAT

10.

Tender assists as the diver ties the waist

strap for quick release .

12.

The diverwill make final strap adjustments and tie the chest

straps, passing them under the life preserver. Note the diver's

stance- just forward enough to balance the weight ofthe

equipment but not so far as to support the weight of the

SCUBA.

11.

The tender then slips the hoses and mouthpiece over

the diver's head.

13.

While the tenders make a final check on the equipment the

diver will check the regulator function with a number of

deep breaths.

AIR DIVING OPERATIONS (SCUBA)
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14.

+
.

The face mask is then placed in position . Note the tender

assisting the diver in maintaining his balance .

15.

The diver now puts his swim fins on , supporting himself on

a stable support, both tenders close at hand .

16.

After putting his gloves on , the diver is ready for a final check

just prior to entering the water where he will undergo a final

surface check out of his equipment.
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WATER ENTRY 5.2.3.2 There are several meth-

ods ofwater entry,with the choice usually determined

by the nature of the diving platform . Whenever

possible, entry should be made by ladder. This is

particularly true in unfamiliar waters.

Several basic rules apply to all methods of entry-

- look before jumping or pushing off from the plat-

form or ladder.

-tuck chin into chest and hold the cylinders with

one hand to prevent them from hitting the back of

the head .

-hold the mask in place with the fingers and the

mouthpiece in place with the heel of the hand.

The front jump, or step- in , is the most frequently

used method and is best used from a stable platform

or vessel which is not easily disturbed by the diver's

movements. To make the entry, the diver should not

actually "jump" into the water but simply take a large

step out from the platform , keeping his legs in an

open stride. He should try to enter the water with a

slightly-forward tilt of the upper body so that the force

of entry will not drive his tank up to hit the back of his

head.

1 .

8

Tender assists diver in taking a seated position . Tender stands

clear, diver holds his mask and bottles .

Figure 5-34 SCUBA entry techniques- Front jump or

step-in . On edge of platform , one hand holding face mask , the

other holding his tanks , the diver takes a long step forward

keeping his legs astride.

4

2.

And rolls into water.

Figure 5-35 SCUBA entry techniques - Side roll
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1 .

Diver sits on edge of platform with a slight forward lean

to offset the weight of his cylinders

2.

Holding his mask and cylinders , the diver leans forward

keeping his legs tucked into his body.

Figure 5-38 SCUBA entry techniques- Rear roll-the diver

sits on the gunwale facing inboard-

and holding his mask with one hand rolls backward .

3.

IP

Atthe instant of entry; Note the diver's hand maintaining its

hold on the SCUBA.

SCUBA entry techniques - Front rollFigure 5-36

Figure 5-37 Scuba entry techniques- Rear step- in -the

diver descends the ladder and steps backward pushing himself

awaywith his feet.

5-30

The rear jump or step- in is normally used when the

ladder does not quite extend to the water. The diver,

facing the ladder , steps backward pushing awayfrom

the ladder with his feet.

The rear roll is the normal method for entering the

water from a small boat . A fully-outfitted diver, stand-

ing on the edge of a boat, would unnecessarily upset

the stability of the craft and the diver himselfwould be

in danger of falling either into the boat, or, unpre-

pared , into the water . To execute a rear roll , the diver

sits on the gunwale of the boat, facing inboard . With

chin on chest and one hand holding his mask and

mouthpiece in place (just as in all other methods of

entry) , he rolls backward, essentially moving through

a full backward somersault.

If working from the beach , the diver will make a

choice of entry depending upon the condition ofthe

surf and the slope of the bottom . If the water is calm

and the slope gradual , the diver can walk out , carry-

ing his swim fins until he reaches water deep enough

for swimming . If moderate to high surf is running (but

not high enough to cause postponement ofthe opera-

tion) , the diver, wearing his swim fins , should walk

backwards into the waves, until he has enough depth

for swimming . He should gradually settle into the

waves asthey break around him.
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Figure 5-39

6
1

A diver being helped to don scuba equipment .

PRE-DESCENT SURFACE CHECK 5.2.3.3 In the

water, and prior to descending to operating depth , the

diver makes a final check of his equipment. He must-

-Make a breathing check of the SCUBA; breathing

should be easy, without resistance , and without

evidence of water leaks into the system .

-Visually check his buddy's equipment for leaks,

especially at all connection points (regulator at

tank valve , hoses at regulator and at mouthpiece ) .

-Check his buddy for loose or entangled straps.

-Check his face mask seal ; a small amount of flood-

ing may occur on water entry. If the mask contains a

purge valve, exhale sharply through the nose to

check operation of the valve.

-Check buoyancy. A SCUBA diver should strive for

neutral buoyancy; if carrying extra equipment or

heavy tools , he might easily be negatively buoyant .

In this event his weights must be adjusted

accordingly.

If wearing a dry suit , check for leaks . Adjust suit

inflation as necessary for proper buoyancy.

Orient position with the compass or any available

natural aids, such as the sun , moon, landmarks , cur-

rents; note , however that the position of the sun and

moon and the direction of any current will always be

subjectto change.

PROCEDURES FOR SCUBA DIVING 5.3

Surface Swimming Techniques 5.3.1 SCUBA

divers should avoid long distance surface swims

whenever possible since these consume energy

which should better be conserved for the dive or for

emergencies. For this reason the diving boat should

be moored as near as possible to the dive site.

While swimming , buddy divers must keep visual con-

tact with each other and other divers in the group.

They should maintain orientation with their surround-

ings so that they will not swim off course. The single

most important factor in surface swimming with

SCUBA is to keep as relaxed as possible and con-

serve energy. The divers should keep their masks on

and breathe through the snorkel .

When satisfied that all equipment checks out prop-

erly, each diver reports his readiness to the Diving

Supervisor who gives the go-ahead signal . The div-

ers are now cleared to begin the dive. Figure 5-40 Surface swimming techniques.
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For a short swim the diver should use only his legs

for propulsion and employ an easy kick from the hips

without lifting the swim fins out of the water. For a

longer swim the arms may be used in a breast stroke .

By lifting the chin from time to time (but not fully out

ofthe water) , the angle of attack of the stroke is modi-

fied which slightly shifts the work load on the mus-

cles. This slight adjustment in attitude can also pre-

vent dipping the end of the snorkel under the surface.

A back stroke is not feasible , but a diver can rest on

his back and still make headway by kicking . Swim-

ming assistance can be gained , of course , with a par-

tial oral inflation of the life preserver. However, the

preserver must be deflated again before the dive

begins.

When surface swimming with a single or double-

hose SCUBA , care should be exercised to avoid

holding the mouthpiece in such a position that air will

free-flow from the system .

Descent 5.3.2 Immediately prior to descending ,

the divers signal the Diving Supervisor , and the

bottom time begins. The rotating bezel on the diving.

watch, used to mark elapsed time , must now be set.

The bezel should be zeroed opposite the minute

hand . A direct reading can then be taken , as time

passes , of the number of minutes during which the

SCUBA has actually been in use.

One word of caution on the use of the bezel . This ring

can inadvertently be moved during a dive . Because of

this, the diver must also make a mental note of the ex-

act time the dive begins and not rely upon the bezel

marking . If he has any doubt as to the actual elapsed

time , he should check with his buddy.

With the timekeeping begun , the divers signal each.

other and together begin the descent.

The divers may swim down, or they may use a de-

scending line and pull themselves down . The rate of

descent will generally be governed by the ease with

which the divers will be able to equalize the pressure

in their ears and sinuses , but it should never exceed

75 feet per minute . If either diver experiences diffi-

culty in clearing , both divers must stop and ascend

slightly until the situation is resolved . If a problem still

persists after several attempts to equalize , the dive

5-32 Change 2

should be aborted and both divers should return to

the surface . In poor visibility the divers should keep

an arm extended in front of them to ward off any

obstructions .

Upon reaching the operating depth , the divers must

orient themselves to their surroundings , verify the site.

and make a check of the underwater conditions. If

these appear to be radically different than antici-

pated , and seem to pose a hazard , the dive shouldbe

aborted and the conditions reported to the Diving

Supervisor. Additionally, the dive should be aborted

if the observed conditions call for any major change

in the dive plan . The divers should surface , discuss

the situation with the Diving Supervisor, and come to

an agreement on a modified dive plan.

The SCUBA diver

must always remember that his bottom time is at a

premium , that he has a limited supply of air, and that

he has certain assigned tasks which must be accom-

plished if at all possible . He must pace his work, con-

serve his energy , and take up each task or problem

one at a time . At the same time he must be flexible.

He must be ready to abort the dive at any time that he

feels that he can no longer progress toward the com-

pletion of his mission or when conditions are judged

unsafe . The warnings of impending danger are often

very subtle- a slight trouble in clearing the ears , a

sinus pain , a hint of vertigo , difficulty in concentrating

on the job at hand , some increase in breathing resist-

ance, shortness of breath , subtle changes in the sur-

rounding environment. Each signal may appear to be

insignificant, but at no time should any such warning

sign be dismissed or ignored . The divers must at all

times be alert for trouble , and each memberofa

buddy pair must constantly monitor the condition of

his companion .

Underwater Procedures 5.3.3

BREATHING TECHNIQUE 5.3.3.1 When using

SCUBA for the first time , a diver is likely to experience

a natural anxiety and breathe more rapidly and deeply

than normal . He must learn to breathe in an easy.

slow rhythm , at a steady pace . The rate of work

should be paced to the breathing cycle , rather than

changingthe breathing to support the work rate . If the

diver finds himself breathing too hard , he should

pause in his work until his breathing returns to his
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normal level . If normal breathing is not soon restored ,

he must take it to be a symptom of developing danger,

and immediately break off the operation , signal his

buddy, and together , head for the surface .

Some divers, knowing that they have a finite airsupply

which must govern the length of the dive , will attempt

to "conserve" air by holding their breath . One com-

mon technique is to skip-breathe-to insert an un-

natural , long pause between each breath . Breath-

holding and skip-breathing are dangerous and

frequently lead to shallow-water blackout. Divers

must not use these techniques in an effort to increase

bottom time (See Section 3.4.7, Chapter Three) .

Every diver will note some increased resistance to

breathing caused by the design of his equipment.

For normal diving , the level of resistance should not

change until the primary air supply has been almost

depleted . A marked increase in breathing resistance

is the signal to the diver to activate his air reserve and

to immediately begin his ascent. A diver can check

on the status of his air supply by taking a sudden,

deep breath . If there is a marked pinching offof the

air, the supply is approaching exhaustion .

MASK CLEARING 5.3.3.2 Some water seepage

into the face mask is a normal condition and is often

useful in defogging the lens . From time to time the

quantity may build up to a point where it must be

removed . Also, on occasion , a mask may become dis-

lodged and flooded.

To clear a flooded mask not equipped with a purge

valve, the diver should roll on his side or look up-

ward, so that the water will collect at the side or

bottom of the mask . Using either hand , the diver

applies a firm direct pressure on the opposite side or

top of the mask, and exhales firmly and steadily

through the nose . The water will be forced out under

the skirt of the mask.

For a mask with a purge valve , the diver merely tilts

his head so that the accumulated water covers the

valve, presses the mask against his face , and then

exhales firmly and steadily through his nose . The in-

creased pressure in the mask will force the water

through the valve . Occasionally, more than one ex-

halation will be required.

Figure 5-41 To clear a flooded face mask , push gently on

the upper portion of the mask and exhale through the nose into

the mask. As water is forced out , tilt the head backward until

the mask is clear.

HOSE AND MOUTHPIECE CLEARING 5.3.3.3

The mouthpiece and the breathing hoses can be-

come flooded if the mouthpiece is accidentally

pulled from the mouth. With a single hose SCUBA

this is not too serious a problem since the hose (car-

rying air at medium pressure) will not flood and the

mouthpiece can quickly be cleared by depressing

the purge button asthe mouthpiece is being replaced .

Figure 5-42 To clear a double hose SCUBA, roll to the left

side, pinch off the intake hose and exhale- resume normal

position and continue normal breathing . The procedure may

have to be repeated to completely clear a flooded hose.

To clear a double hose SCUBAwhich has flooded be-

cause of a lost mouthpiece , the diver, swimming in a

horizontal position , should roll over on his left side.

He should then grasp the mouthpiece, squeeze off

the inhalation hose (right hose) and blow into the

mouthpiece. This will force any water trapped in the

exhaust out through the regulator's exhaust ports. He

should then release the inhalation hose and take a

shallow breath with caution . There may still be water

trapped in the mouthpiece and , if so, the diver should

blow through it once more and resume normal

breathing .
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UNDERWATER SWIMMING TECHNIQUE 5.3.3.4

For underwater swimming all propulsion comes from

the action of the legs . The hands are used only for

maneuvering . The leg kick should be through a large ,

easy arc with the main thrust coming from the hips.

The knees and ankles should be relaxed . The rhythm

of the kick should be maintained at a level that will not

unduly tire the legs or bring on muscle cramps.

THE BUDDY SYSTEM 5.3.3.5 The greatest single

safety factor in Navy SCUBA operations is the buddy

system . Divers , operating in pairs , are responsible

for both the assigned task and each other's safety.

The basic rules for buddy diving are-

A.

B.

C.

D.

E.

F.

G.

H.

Always maintain contact with the buddy. In

good visibility, keep him in sight . In poor vis-

ibility, use a buddy line.

Knowthe meaning of all hand and line signals .

If a signal is given , it should immediately be

acknowledged . Failure of a buddy to respond

to a signal must be considered an emergency.

Monitor the actions and apparent condition

of the buddy. Know the symptoms of diving ail-

ments. If at any time the buddy appears to be in

distress or to be acting in an abnormal manner ,

an immediate determination of the cause

should be made and appropriate action taken .

Never leave a buddy unless he has become

trapped or entangled and cannot be freed

without additional assistance . If surface assist-

ance must be sought, mark the location of the

distressed diver with a line and float.

Establish a "lost diver" plan for any dive . If

buddy contact is broken , follow the plan .

If one member of a buddy pair aborts a dive ,

for whatever reason , the other member will

also abort and both will surface .

Know the proper method of " buddy breathing . "

DIVER COMMUNICATIONS 5.3.3.6 The primary

form of underwater communication between divers

is by hand signal ; primary communication between

the surface and a diver is accomplished through

linepull signals. If divers are operating under condi-

tions of low visibility, the buddy pairs will at times be

forced to communicate with line-pull signals on the

buddy line.

Figure 5-43 presents the U. S. Navy approved hard

signals. Line-pull signals are discussed in Chapter

Six. Navy divers will not use any signals which have

not been approved for Navy diving use. Under

certain conditions special hand signals applicable

to a specific mission may be devised and approved

by the Diving Supervisor.

Hand signals and line-pull signals should be deliv-

ered in a forceful , exaggerated manner so that there

can be no ambiguity about the signal and so that it

is obvious that a signal is in fact being given . Every

signal must be acknowledged .

NUMBERS

THAA

0 1 2 3

4 5

C
O

6

WHA

Figure 5-43

7 8 9

Scuba Hand Signals
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"Hold everything"

"All Right."

р

Emergency."

"Pick me

"Let's go up."

"WhatTime?"

"I'm having trouble

with my ears!"

"I'm having trouble

with my air!"

"How Deep?"

"What direction?"
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BUDDY BREATHING 5.3.3.7 If a diver runs out of

air or his SCUBA malfunctions , he can obtain air from

his buddy's SCUBA on a sharing basis . Buddy breath-

ing is strictly an emergency procedure , which must

be practiced in advance of need so that each diver

will be thoroughly familiar with the procedure.

The steps to be followed in buddy breathing are-

A.

B.

C.

D.

E.

F.

G.

H.

Remain calm , and signal the problem to the

buddy by pointing at your mouthpiece.

Do not grab for the buddy's mouthpiece . The

diver places his hand on the hand which the

buddy is using to hold the mouthpiece . The

buddy and the diver should hold on to each

other by grasping a strap orthe free arm .

The buddy must make the first move by taking

the mouthpiece from his mouth after taking a

breath and passing it to the other diver. The

other diver will then guide it to his mouth . Both

divers will maintain direct hand contact on the

mouthpiece .

The mouthpiece may have flooded during the

transfer. In this case it must be cleared either

by use of the purge button ( if single hose) or

by exhaling before a breath can be taken.

The diver should take two full breaths, (ex-

ercising caution in the event that all of the

water has not been purged ) and hand the

mouthpiece back to the buddy . The buddy

should then take two breaths , and the cycle is

repeated .

The diver taking the breaths may become more

buoyant than the other. The divers must be

careful not to drift away from each other. If

using a double-hose regulator the mouthpiece

should be kept slightly higher than the regu-

lator so that free-flowing air will keep the

mouthpiece clear.

The divers should repeat the breathing cycle

and establish a smooth rhythm . No attempt

should be made to surface until the cycle is

stabilized and the proper signals have been

exchanged.

During ascentthe diver without the mouthpiece

must exhale slowly to offset the effect of de-

creasing pressure on their lungs.

Figure 5-44

procedure.

Divers practicing the proper buddy- breathing

TENDING 5.3.3.8 When a diver is being tended

by either a line from the surface or a buddy line.

several basic considerations apply-

-lines should be kept free of slack.

-line signals must be given in accordance with the

procedures given in Section 6.3.2 of Chapter Six .

-any signals via the line must be immediately ac-

knowledged by returning the same signal .

-the tender should signal the diver with a single

pull every two or three minutes to determine if the

diver is "all right. " A return signal of one pull from

the diver will communicate that he is all right.

-the diver must be particularly aware of the pos-

sibilities for snagging his line or for becoming

entangled .

If a surface-line is not being used, the tender must

keep track of the general location of the divers by

observing the bubble tracks or the witness float .

WORKING WITH TOOLS 5.3.3.9 The near-neutral

buoyancy of a SCUBA diver poses certain problems

when working with tools . The diver is virtually unable

to bring any leverage to bear. When he tries to apply

force to a wrench , for example, he will push himself

away from the wrench and very little force will be

applied to the work . When using any tool which re-

quires such leverage or force (including pneumatic

power tools) , the diver should try to brace himself in

some way with his feet , a free hand , or a shoulder. If

both sides of the work are accessible , two wrenches

-oneon the nut and one on the bolt-should be used .

By pulling on one wrench and pushing on the other,

the counter force will permit most of the effort to be

transmitted to the work.
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Any tools to be used should be organized in advance,

and the diver should carry as few items with him as

possible . If many tools are required , a canvas tool bag

should be used to lower them to the diver as needed .

Further guidelines for working underwater are

provided in the U.S. NAVY UNDERWATER WORK

TECHNIQUES MANUAL (NAVSEA 099Y - LP-007-

8020) . Authorized power tools are listed in NAV-

SEA INST 9597.1 series .

ADAPTING TO UNDERWATER CONDITIONS 5.3.3.10

Through careful and thorough planning , the divers

will be prepared for the underwater conditions at the

diving site and will have been provided , as necessary,

with appropriate auxiliary equipment , protective

clothing , and tools . Adaptation to certain conditions ,

however, cannot be facilitated by accessory gear and

the diver will have to employ particular operational

techniques to offset the effects of these conditions.

For example-

-stay two or three feet above a muddy bottom , use

a restricted kick and avoid stirring up the mud.

A diver should position himself so that the cur-

rent will carry any clouds of mud away from the

work site .

-over a coral or rocky bottom , be careful to avoid

cuts and abrasions .

-avoid abrupt changes of depth .

-do not make sight-seeing excursions to explore

"interesting" sites away from the dive site unless

such excursions have been included in the dive

plan .

-be aware of the peculiar properties of light under-

water. Depth perception is altered on a basis of 3

to 4 (an object that seems to be three feet away is

actually four feet away) , and objects tend to appear

larger than they really are.

-be aware of unusually strong currents , particularly

rip currents near a shoreline . If caught in a rip

current , relax and ride along with it until it diminishes

enough to swim clear.

- if practical , swim against a current to approach a

job site; the return swim , with the current, will be

easier and will offset some of the fatigue generated

during the job .

-stay clear of lines or wires which are under stress .

Ascent (Normal) 5.3.4 When it is time to return

to the surface , either diver may signal the end of the

dive. When the signal has been acknowledged , the

divers must start together for the surface.

For a normal ascent , from a dive with no decompres-

sion requirements, the divers will breathe steadily and

naturally, and ascend to the surface at a rate of 60

feet per minute . The divers must never hold their

breath during ascent , because of the danger of an

air embolism .

If decompression is required , the divers will ascend

according to the appropriate decompression sched-

ule.

While ascending , keep a watch overhead for objects

-especially those which may be floating on the sur-

face . A good practice is to spiral slowlywhile rising to

provide a full 360 degree scan . The diver should keep

an arm extended over his head to prevent striking his

head on any unseen object.

If a diver is suddenlyAscent (Emergency) 5.3.5

without air or if his SCUBA is entangled and his buddy

cannot be quickly reached , he must make an emer-

gency free ascent. The proper procedure is-

A.

B.

C.

D.

Drop any tools or objects being carried by

hand.

Ditch the weight belt.

If the SCUBA has become entangled and must

be ditched , actuate the quick release buckles

on the waist, chest, shoulder and crotch straps .

Slip an arm out of one shoulder strap and roll

the SCUBA off the other arm . An alternate

method is to flip the SCUBA over the head and

pull outfrom underneath . Exercise care that the

hoses do not tangle on the neck. Some single

hose units are delivered with neck straps .

These tend to complicate the ditching proce-

dure and should not be used .

In most instances the emergency ascent is

necessitated by a loss of air . After dropping

all heavy objects and the weight belt, actuate

the life preserver and surface immediately . Do

not ditch the SCUBA unless it is absolutely

necessary. During the ascent , the pressure

differential between the air in the cylinders and
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E.

the air in the medium pressure chamber ofthe

regulator will increase . This may permit some

of the air remaining in the cylinders to be

supplied to the diver. If a diver is unconscious

and cannot help himself to the surface , and

his buddy anticipates difficulty in trying to

carry him to the surface , the buddy should

release the diver's weight belt and activate his

life preserver to lighten the load . Under no

conditions, however, should the buddy lose

direct and secure hand contact with the diver.

During ascent, exhale continuously. Let the

expanding air in the lungs freely escape.

Ascent From Under a Floating Hull 5.3.5.1

If the option is available to utilize surface supported

lightweight diving equipment or SCUBA when

underwater ship husbandry tasks are required, the

preferred deployment of surface supported light-

weight equipment will be executed . SCUBA diving is

permitted under floating hulls ; however, a tending line

to the SCUBA diver must be provided . Following this

procedure , in the event of casualty and the lack of

B
Holding the manifold with one hand the diver pulls the

SCUBA up and over his head while guiding the tanks with the

other hand.

C Once over his head the diver shifts his grip to the center

of the tanks and lowers then to between his legs. Note that the

diver has not released the mouthpiece and continues to breathe

with the SCUBA.

S
C
U
B
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A In a seated position the diver pulls the quick- release

straps on the SCUBA

D The diver continues to hold the SCUBAwhile he removes

his weight belt and places it on the SCUBA- between the

cylinders. Up to this point the diver retained the weight belt to

control his buoyancy, but now with the weights used to hold

the SCUBA down the diver will have to work at staying onthe

bottom .

Figure 5-45 Ditching the SCUBA
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immediate assistance of the buddy diver , the SCUBA

diver would have a means of positively returning to the

surface unobstructed .

SCUBA and lightweight diving equipment dive plans

on deep draft ships must consider the disorientation

that a diver could experience in a casualty situation .

Accordingly , dive plans should provide for a

theoretical quartering of the ships underwater body

thereby restricting diving operations to one quadrant

at a time. This procedure will assist in minimizing

potential diver disorientation caused by multiple keel

crossings or fore and aft confusion .

Moored ships are often against closed face piers or

heavy camels and care must be exercised to insure

that the tending line permits a clear path for

emergency surfacing of the diver.

Pre-dive briefs must include careful instruction of life

jacket (SCUBA) use in the foregoing to prevent panic

blowup against the hull rather than orderly surfacing

via the tending line . Life jackets should not be fully

inflated until after the diver passes the turn of the

bilge .
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E The diver now shifts to a face down position with his legs

and bodyextended away from the SCUBA. At this point the

diver mayascend . Taking a half-breath , he tucks the regulator

underneath the manifold , to prevent it from floating up and

ascends to the surface exhaling slowly and continuously. As an

alternate the diver may inflate his life preserver fora more rapid

ascent. In either case it is imperative that he exhale

continuously to prevent an embolism .

G and places them beneath the SCUBA ,

one under each cylinder, to prevent them from

floating away.

F
For this training exercise the diver demonstrated the

procedure for removing swimfins and facemask prior to ascent

-remaining face down the diver removes his swim fins.

H He then removes his face mask, takes a half-breath and

tucks the regulator under the manifold . Clear of the SCUBAthe

diver assumes an upright position raising one arm above his

head and pulls the lanyard on the preserver. Using the life

preserver his ascent will be quite rapid and continuous

exhalation is vital to prevent an embolism .
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Decompression 5.3.6 Whenever possible ,

SCUBA operations must be conducted so that no

decompression will be required . This is not always

feasible, but a requirement for decompression should

be known well in advance of a given dive and ap-

propriate preparations must be made.

While the Diving Supervisor is planning the operation ,

he will determine the required bottom time for each

dive. Based upon the time and depth of the dive, he

will compute the required decompression profile from

the tables presented in Chapter Seven . The breathing

supply required to support the total time in the water

must then be calculated . If the air supply is not suffi-

cient, a back-up SCUBA will have to made avail-

able to the diver. The backup unit can be strapped to

a decompression stage or tied off on a descending

line which has also been marked to indicate the vari-

ous decompression stops to be used.

When the diver has completed his assigned task, or

has reached the maximum allowable bottom time

prescribed in the dive plan , he must ascend to the

decompression stage or the marked line , and signal

the surface that he is ready to begin decompression .

With a stage being handled from the surface , the diver

will be taken through the appropriate stops while the

timekeeper controls the progress . Before each move

of the stage, the tender will signal the diver to pre-

pare for the lift and the diver will signal back when

prepared . When using a marked line , the tender will

signal when each stop has been completed , at which

point the diver will swim up, signalling his arrival at

the next stop . Stop times will always be regulated by

the tender.

In determining the levels for the decompression

stops , the sea state on the surface must be taken into

consideration . If large swells are running , the de-

compression stage or marker line will be constantly

rising and falling with the movements of the surface

support craft . The depth of each decompression stop

should be calculated so that the diver's chest will

never be brought above the depths prescribed for

the stops in the decompression tables.

In the event of an accidental surfacing or an emer-

gency, the Diving Supervisor will have to determine if

decompression should be resumed in the water or

if the services of a recompression chamber are re-

quired . The possibility of having to make such a

choice should be anticipated during the planning

stages of operation .

WhenSurfacing and Leaving the Water 5.3.7

approaching the surface , the diver must make certain

that he is not coming up under the support craft or

any other object on the surface. He should listen for

the sound of propellers of other boats and ships and

delay surfacing until he is satisfied that he will notbe

in immediate danger. On the surface he should im-

mediately scan in all directions and check the loca-

tion of his support craft, other divers , and any ap-

proaching surface traffic . He should signal his arrival

on the surface by calling out his name to the tender.If

he is not seen bythe support craft , it will be necessary

to alert them by igniting a signal flare .

Figure 5-46

bytenders

SCUBA diver being assisted aboard an LCM
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On the surface the diver can rest while waiting to be

be picked up . He can orally inflate his life vest for sup-

port , or he can keep his mask on and use the snorkel

for breathing while floating face down and relaxed in

the water.

As the divers break the surface , the tender and other

personnel in the support craft must keep them con-

stantly in sight and be particularly alert for any sig-

nals or signs of trouble. While one diveris being

taken aboard the support craft , attention must not be

diverted from the divers remaining in the water. The

dive is not over until all divers are safely aboard .

Getting into the boat will usually be easier if the diver

takes off his weight belt and SCUBA and hands them

to the tender. If the boat has a ladder, he should also

take off his swim fins . Without a ladder, the swim fins

will help to give him an extra push to get aboard . A

small boat may be boarded over the side or over the

stern depending upon the type of craft and the surface

weather conditions . As each diver comes aboard a

small boat or a raft, other personnel in the boat should

remain seated .

POST-DIVE PROCEDURES 5.4

Physiological problems may not be evident until

some time after a dive. The diver and all other mem-

bers of the diving team must constantly be alert for

the possibility of such problems as decompression

sickness and embolism. Injuries sustained during

a dive-such as cuts or animal bites- may not be

noticed at first because of shock or the numbing ef-

fect of cold water. For these reasons diving personnel

should remain under the observation of the Diving

Supervisor for as long as possible after a dive.

If satisfied with his apparent physical condition , the

diver's first responsibility after the dive is to check

his equipment for damage and get it out of the way

of the on-deck activity.

The Diving Supervisor should de-brief each returning

diver as soon as practical while the experience of

the dive is still fresh in the diver's mind . The Diving

Supervisor should determine if the assigned tasks

were completed , if any problems were encountered ,

if any changes to the over-all dive plan are indi-

cated , and if the divers have any suggestions forthe

next team .

EachPost-Dive Maintenance and Stowage 5.4.1

diver is responsible for the immediate post-dive

maintenance and proper disposition of the equipment

he used during the dive . The following procedures

should be followed-

A.

B.

C.

Turn off the cylinder on/off valve and open the

air reserve valve-even if the tank has only

been partially used . This will serve as a warn-

ing that the tank has been used and must be

checked and refilled . It is also a good practice

to place it in a specially designated area to

avoid any possible mix-up .

Bleed the regulator by inhaling through the

mouthpiece, or pressing the purge button , and

removethe regulator.

Be sure that the protective cone is clear of

water or dirt, check the " o" ring , and secure

the cone in place over the regulator inlet. This

will keep foreign particles out of the regulator

and also permit submerging the regulator in

AIR DIVING OPERATIONS (SCUBA) 5-41Change 2



『

A Cylinders should be securely stowed and pressure

should be checked at regular intervals .

EX

B
Regulators should be stowed so that they will not

be subjected to damage and hoses will not be stretched .

C Masks and life preservers properly stowed for complete

drying .

E

P
O
S
O
S

D Swim fins hung in pairs in an orderly

manner. Note use of wide hanging brackets .

A

Wet suits should be thoroughly washed in fresh water and

hung on wide, contoured hangers.

Figure 5-47 Proper stowage of SCUBA equipment is

essential for safety and long service life.

F.

D.

E.

fresh water for cleaning without permitting

water to enter the first stage of the regulator.

If the regulator- or any other equipment- has

been damaged, it should be tagged " dam-

aged" and separated from the rest of the equip-

ment . Damaged equipment should be repaired.

inspected , and tested as soon as possible.

Irreparable equipment must be destroyed and

discarded .

Wash all equipment with fresh water and be

sure to remove all traces of salt. The salt will

not only speed corrosion of the materials, but

may also plug up vent holes in the regulator

and the depth gage . All parts of the equipment

which must be free to move-such as dia-

phrams and check valves, quick- release buck-

les, the knife in the scabbard , and CO2 actu-

ators in life vests should be carefully checked

for corrosion , salt, or dirt build-up . The mouth-

piece should be rinsed several times in fresh

water and an oral disinfectant. Periodically, the

breathing hoses of a double-hose regulator

should be unclamped and removed from

the regulator and mouthpiece and cleaned

internally.

When all equipment has been washed and

rinsed , it should be hung up to dry and then

placed in appropriate stowage . Regulators

should be capped and stowed separately and

never left mounted on cylinders . Regulators

should be cleaned and lubricated prior to

stowage for a prolonged period . Annually
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H.

the regulator whether used or not should be

disassembled , cleaned , and any defective/

worn parts replaced , then tested for proper

operation upon completion . When dry , wet

suits should be dusted with talcum and

carefully folded or hung . The suits should

never be hung from a hook or a wire hanger

since they will stretch out of shape or be

torn . Masks, depth gages , life vests and any

other equipment which can be damaged or

scuffed by rough handling should be in-

dividually stored and never dumped col-

lectively in a box or drawer . Batteries should

be removed from lights , tested , and stored

separately . All lines should be dried , coiled

and properly stowed.

A fully-charged cylinder may be stored for

months without harm . The quality of the air will

not deteriorate . However , it is a good practice

to change the air in a cylinder if it has been in

storage for over a year . The pressure of each

cylinder in storage should be gaged weekly . If a

marked drop in pressure is noted , the cylinder

should be withdrawn and checked .

FIELD MAINTENANCE OF SCUBA EQUIP-

MENT 5.5

Complete maintenance of SCUBA regulators , valving ,

tanks and accessory equipment should only be per-

formed by trained personnel in properly equipped

facilities . Specific instructions for such maintenance

are found in the technical manuals provided bythe

equipment manufacturers.

The diver, however, will frequently find it necessary

to perform simple field maintenance and repair. Such

first-line care will do much to ensure the continued

safe and efficient operation of the equipment.

Each diving facility should assemble or have access

to a basic " Field Repair and Maintenance Kit. " Such

a kit can be tailored to individual requirements and

local practices.A typical , reasonably complete kit is

described in Table 5-5.

Practical Suggestions for Field Maintenance and

Repairby Divers 5.5.1-

Masks- If a mask strap is broken or separated due

to a lost buckle (and a new strap is not available) , a

temporary repair can be accomplished by connect-

ing and whipping the strap ends with waxed linen

thread or dental floss .

Swim Fins- Swim fin straps can be repaired in much

the same manner as broken mask straps. If sewing

with thread or dental floss is required to repair a

strap or hole in the fin , the hard rubber is more easily

penetrated if the needle is heated using paraffin

candles, or if the holes are pre-punched with a heated

awl or ice-pick .

Snorkels Loose mouthpieces or holes in snorkels

can be patched with plastic adhesive tape.

Straps and Weight-Belt- Ends on straps and weight-

belts which are made of nylon can be kept from fray-

ing or unravelling by melting them . Nylon line ends

can be burned in a similar manner to prevent un-

ravelling . Holes in weight belts can be smoothed

by light melting .

Wet-Suit Repair-Tears in wet suits may be repaired

using commercial repair kits or tire repair kits. If

using glue, instructions on the container should be

carefully followed . Torn edges should be trimmed

smooth with a knife or razor blade before sewing or

gluing . Repair is best accomplished by applying

glue and waiting until it is dry to the touch . Edges

should be pressed together or clamped if possible .

Sewing gives additional strength . Wet suit zippers

and seams should always be both glued and sewn

for maximum bonding strength .

ALL REPAIR AND MAINTENANCE SHOULD

BE FOLLOWED BY A THOROUGH IN-

SPECTION AND TESTING OF THE EQUIP-

MENTTO ENSURE ITS FULL OPERABILITY

ANDSAFETY. IF THERE IS ANYQUESTION

ABOUT A PARTICULAR PIECE OF EQUIP-

MENT, DO NOT DIVE WITH IT UNDER

ANY CIRCUMSTANCE.

RECORD KEEPING AND REPORTS 5.6

The subject of record keeping and reports is covered

in Appendix B. A common tendency, in dealing with

records and reports , is to postpone the effort to the

last possible minute . Sometimes this is merely a man-

ifestation of human nature ; sometimes there may

seem to be plausible reasons for the delay. However,

all reasons notwithstanding , reports must be filed

promptly and records must be maintained on a pri-

ority basis .
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TABLE 5-5

FIELD MAINTENANCE AND REPAIR KIT

TOOLS

CrescentWrenches

1 size 16"

1 size 8"

1 size 4"

flat

Screw Drivers

Files

5/16" with 6" shaft

flat 1/4" with 6" shaft

phillips No. 2 with 6" shaft

1- rat tail , medium coarseness

1-flat, medium coarseness

Awl or ice-pick- for removing O'rings or punching

holes in belts or straps

Single-Edge Razor Blades pack- for trimming wet

suit mat.

Pliers-assorted

Sail Needles-small , both straight and curved

Sailor's Palm

Nylon Strapping Crimping Tool

Pen Knife

Claw Hammer-medium weight

Wire Brush- long handle

Vice-Grip Pliers

Sharpening Stone

Wire-Cutters- medium size

Hacksaw and blades

Tool container-either plastic box or canvas bag

Spares

O-rings- necessary sizes

Mask straps

Buckles

Purge Valves and components

Quick-Release "D" rings.

SCUBA mouthpieces

5-44 Change 1

SCUBA hoses- for double hose rigs

Snorkle mouthpieces

Exhaust vents-single hose rigs

Weights

Spare Masks

Spare Swim Fins

Spare Weight Belts

Supplies

Spare wet suit material (one yard)

Nylon or brass wet suit zippers

8" nylon strapping and nylon clips

Waxed linen , nylon , or dacron thread (dental floss

is also used)

Adhesive plastic tape (3/4")

Spray can of silicone ( not for O2 service)

Spray can of silicone based grease

(not for O2 service)

Spray can of light oil

Miscellaneous nuts , bolts , washers, etc.

Paraffin candles-for burning nylon ends , heating

tip of awl to penetrate heavy rubber materials

such as swim fins

Masking tape (½")

Matches

Neoprene cement for wet suits

Wire-bailing or leader type

Waterproof felt pens

Contact cement

Epoxy glue

Manila line (¼ ″ )
---

Talcum powder- or corn starch

Liquid detergent

Towel-(paper towels)
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CHAPTER SIX

SURFACE-SUPPLIED AIR DIVING OPERATIONS

Surface-supplied air diving involves those forms of

diving in which a breathing mixture of air is supplied

from the surface to the diver by a flexible hose.

Surface-supplied diving operations are generally

classified as either deep-sea or lightweight and

equipment has been developed for the proper conduct

and support of these operations . The Navy deep-sea

diving outfits (MK 12 Surface-Supported Diving

System and MK 5 Deep-Sea Diving Outfit) are used

primarily for operations to 190 feet of seawater or

where the diver needs a high degree of protection and

stability. The lightweight diving outfits ( Diver's Mask

USN MK 1 Mod 0 and Jack Browne Mask) are

generally used for shallow-water operations . The

advantages and disadvantages of the various types of

diving outfits were discussed in detail in Chapter Four.

The material in this chapter includes-

-description , operation and maintenance ofsurface-

supplied air diving equipment.

-description and operation of surface air supply

systems .

-diver communications .

-underwater techniques and procedures .

-equipment inspection , maintenance , testing and

repair.

G

I
Figure 6-1 Mark 5 deep-sea diver.

Figure 6-2 Mark 5 deep -sea diver , rear view.

MARK 5 DEEP-SEA AIR DIVING OUTFIT 6.1

System Description 6.1.1 The MK 5 deep-sea

diving outfit has evolved through the years little

changed from the original designs of John Deane and

Augustus Siebe . Although the newly developed MK 12

Surface-Supported Diving System (see Section 6.4) is

being introduced to Fleet diving units as a

replacement for the MK 5 , this " heavy-weight" or

"hard-hat" outfit remains well suited to bottom-

oriented, arduous work. It offers the diver good

thermal and maximum physical protection , provides

constant two-way communications with the surface ,
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and permits extended bottom time , limited primarily

by factors of diver fatigue and decompression .

For purposes of discussion , the components of the

deep-sea outfit will be divided into three groups-

Helmet group , which includes the helmet , breast-

plate , and associated valves and connections .

Diving dress group, which includes the basic dress ,

underwear, chafing pants , helmet cushion , gloves ,

shoes, weight belt and diver's knife.

Hose group, which includes the air hose and fittings ,

the control valve , the life-line and amplifier cable, and

the pneumofathometer.

HELMET ASSEMBLY 6.1.1.1 The Navy deep-sea

diving helmet is constructed of spun copper with tabin

bronze fittings . It has four heat-treated , sealed glass

viewports and is equipped with various valves and

fittings ( Figure 6-4) . The main port , called the

faceplate , is hinged on one side and held in the closed

position by a beveled wing- nut and swing bolt on the

other side. A rubber gasket provides a watertight seal .

The other ports are fixed in place ; all of the ports are

protected by gun-metal guards.

An air channel is brazed on the inside of the helmet to

direct the flow of incoming air away from the diver's

face and along the inside surface of the ports to

reduce the possibility of condensation . The interior

also has a cylindrical recess in which the diver's

communications unit is installed , and the necessary

screws, bolts and clips for securing this unit and its

associated wiring in place . On the back of the helmet

is a safety-lock (or dumbbell) which ensures that the

helmet will not accidentally be unscrewed from the

breastplate .

There are two gooseneck projections on the back of

the helmet. The one on the diver's right side of the

helmet connects with the incoming air supply , and the

one on the left side provides the attachment point for

the life-line and amplifier cable .

Three valves are installed on the helmet . These are

the safety air non-return valve , the air regulating

exhaust valve , and the spitcock .

Figure 6-3 The Mark 5 deep-sea diving outfit is divided

into three groups : the helmet group , the

diving dress group , and the hose group .
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The non-return valve , of critical importance, pre-

vents loss of air pressure from the diving dress and

helmet in the event of a hose rupture or if the pressure

of the air supply from the surface should fall below

ambient pressure at depth . If this check valve were

not included in the system , and the air supply

pressure were to drop , the air in the suit would quickly

be forced back up the supply hose by the outside

water pressure . The result could be serious or even

fatal injury to the diver from the effects of squeeze

(described in Chapter Three) . The non- return valve is

a spring-and-stem valve type and it has a male thread

at one end and a female submarine thread (17

threads/inch) at the other . The valve is screwed

directly onto the air inlet gooseneck . To insure that

the valve is not installed backwards , the screw

threads on the gooseneck are male submarine

threads , to match the female threads on the

helmet-end of the valve . A non-return valve is a

mandatory component of any surface-supplied diving

outfit.

The exhaust valve is located between and slightly

belowthe right port and the faceplate and is fitted with

an escape channel which directs the flow of

exhausted air toward the rear of the helmet . This

keeps the exhaust bubbles from rising in front of the

diver, and interfering with his vision.

The exhaust valve serves to control the amount of air

in the diving outfit . This control serves two purposes:

to protect the diver from squeeze by maintaining

adequate air pressure in the suit and to permit the

diver to vary his buoyancy by adjusting the amount of

air in the suit. The exhaust valve is designed to open

slightly whenever the air pressure in the helmet

exceeds the outside water pressure by more than 0.5

psi . The rate at which the air will be exhausted is

controlled by the external valve wheel which is

■ Figure 6-4 Navy Mark 5 diving helmet .
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manipulated by the diver. By slowing the rate of

exhaust, he will permit more air to build up in his suit

and increase his buoyancy . To reduce buoyancy, the

diver will open the valve and increase the rate of

exhaust.

Figure 6-5 Interior view of helmet . Note location of

reproducer and chin button .

Should a pressure differential of more than 2 psi

occur, the valve will open fully so that air will be

exhausted at a maximum rate . This secondary relief

feature helps to guard against the possibility of

blow-up which can occur when the air pressure in the

suit builds to a point where excessive buoyancy is

achieved and an uncontrolled ascent results . Should

this relief feature fail , the diver may fully open the

valve by depressing the chin button inside the helmet.

The chin button connects directly to the stem disc and

allows it to be mechanically opened or closed by

pressing on the button with the chin or pulling it closed

with the lips.

The spitcock is on the left side of the helmet in the

same relative position as the exhaust valve . This is a

simple, lever-operated valve which, when used in

balance with the exhaust valve , allows the diver to

make fine adjustments in his buoyancy. It also

provides a means for the diver to intentionally draw

some water into his helmet for use in clearing a

Figure 6-6 Breastplate assembly.

fogged faceplate , and it serves as an auxiliary exhaust

valve when the diver is working on his right side.

The breastplate is designed to distribute the weight

of the helmet over the diver's shoulders and to provide

the means to effect a water-tight seal between the

helmet and the diving dress .

The breastplate and the helmet are joined at the neck

byan interrupted screw joint . A leather gasket, fitted

into the gasket ring on the breastplate , keeps the joint

S
C
U
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under pressure and water-tight . The dumbbell safety

lock on the helmet fits into a matching recess on the

breastplate gasket ring and keeps the helmet from

shifting , breaking the seal , and possibly coming off

entirely. A safety latch on the breastplate prevents the

locking ball of the dumbbell from falling out of the

recess , and this latch , in turn , is held in place with a

brass cotter pin .

Twelve equally-spaced studs soldered into the stud

collar serve to seal the breastplate to the diving dress.

The studs fit through matching holes in the heavy

rubber gasket which forms the collar of the diving

dress. Four copper breastplate straps fit over both.

the collar gasket and the studs ; a water-tight seal is

ensured by the use of wingnuts , with copper washers

and special flanged wingnuts at the joints between the

straps . The straps are custom-made for each

breastplate and cannot be interchanged with each

other or with another breastplate . For this reason ,

each strap is marked for " front" or " back " and is

serialized to match the breastplate .

One long stud (the bastard stud ) on the left lower

front ofthe breastplate supports the air control valve

(part of the hose group) , and two padeyes on the

front of the breastplate are used in securing the air

hose and the life-line/amplifier cable .

DIVING DRESS 6.1.1.2 The basic diving dress is

constructed of vulcanized natural rubber , friction

calender coated between an outer cotton twill layer

and an inner cotton twill layer, with heavy chafing

patches cemented to the areas of highest wear-the

elbows, knees , crotch , and toes . This dress encloses

the entire body (except for the head and hands) in a

tough , waterproof cover.

A heavy rubber gasket collar at the neck forms the

junction with the breastplate , and a fabric bib is

fitted around the inside of the neck opening just below

the gasket . This bib , coming well up around the

diver's neck, serves to trap any water that might leak

in through the valves in the helmet. A molded rubber

bead on the inner edge of the collar prevents it from

tearing .

The dress is sealed at the wrists by tight-fitting rubber

cuffs , or alternatively, a pair of diver/tender gloves

Figure 6-7 Helmet/Breastplate Locking Assembly

which are permanently attached to the diving dress .

These are three-fingered rubber glovers , molded into

the position of a semi-closed hand , which offer good

protection from cold and injury. ( Instructions for

sealing either rubber cuffs or diver/tender gloves to

the diving dress are presented in Section 6.1.5.2 . The

length of the arm is not adjustable when the gloves

are attached , so wrist straps are provided to help

keep the gloves in position . These straps also help to

prevent ballooning of the gloves when the diver is

working with his hands above his elbows .

A set of flaps and lacings is provided along the rear of

each leg . When snugly laced , they serve to keep

air out of the lower legs , thus reducing the tendency

to up-end the diver.
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Figure 6-8 Mark 5 deep-sea diving dress .

Special woven thermal underwear is worn under the

diving dress for protection from the cold and from skin

irritation caused by the fabric of the dress . The

number of sets worn depends upon the water

temperature and the bottom time of the dive , but at

least one set must be worn on all dives . The

underwear is available in undershirts , drawers , socks

and gloves . The standard sizes of both the diving

dress and diving underwear are shown in Table 6.1 .

Sizes of dresses are designated by one , two or three

grommets located on the rear of the bib.

Figure 6-9 Diver/Tender Gloves and Wrist Straps.

TABLE 6-1

Sizes of U.S. Navy MK-5 Deep-Sea Diving Dress

Size 1 -Small- 5'7" to 5'9" -one grommet

Size 2-Medium-5'9" to 5'11 " -two grommets

Size 3- Large- 5'11 " to 6'2 " -three grommets

Sizes of Diver's Underwear

Drawers-available in sizes 32 , 34 , 36 , 38 , 40 , 42

and 44

Shirts-available in sizes 32 , 34 , 36 , 38 , 40 , 42 and

44

Gloves-medium

Socks-medium

A padded helmet cushion (or other similar padding

provided bytowels or heavy wool socks) is worn under

the dress on the diver's shoulders . This buffers the

weight of the helmet and breastplate while the diver

is out of the water and reduces chafing at the

shoulders . Most divers prefer not to wear the standard

helmet cushion because of the possibility of the

cushion sliding backwards and choking the diver.

Chafing pants, in the form of light canvas trousers,

are worn over the diving dress to provide additional

protection against wear . The pants have shoulder

straps , a waist draw-string and leg lacings , all of

which combine to hold the pants in place and to keep

bulk to a minimum .

A weighted belt is worn to overcome the essentially

positive buoyancy of a deep-sea diving dress . The

standard Navy belt is made of double-backed , water-

proofed leather and weighs approximately 84 pounds.

The weight is provided by individual 7.5- pound lead

units.

The belt is worn around the diver's waist as low as

possible . It buckles in back and hangs from two sturdy

leather shoulder straps which cross each other both in

front , below the front stud , and in back, below the

back strap , to keep the belt from shifting . A third

strap , the jockstrap , prevents the helmet from rising

off the diver's shoulders , which would happen if the

dress were permitted to elongate upon inflation .
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Diving shoes , give protection and add weight to the

diver's feet and help the weighted belt to offset the

positive buoyancy of the diving dress . Also , by adding

weight low on the body, they greatly increase the

diver's underwater stability. The shoes are made of

leather or canvas uppers with a hardwood inner sole ,

a lead lower sole , and a cast-bronze toe guard . The

shoes weigh approximately 35 pounds a pair, and are

held to the feet by laces and integral leather straps .

The standard Navy issue diver's knife could more

properly be called an all -purpose tool . Made of

Figure 6-11 Weighted Belt

durable steel with one cutting edge and one saw

edge, the knife can be used for cutting , sawing ,

prying and hacking on wood , lines and ropes, and

sheet metal . The handle is constructed of hardwood ,

and a special cylindrical brass sheath is provided into

which the knife can be screwed.

Figure 6-10 Chaffing Pants Figure 6-12 Mark 5 deep-sea diving shoes .

SURFACE-SUPPLIED AIR DIVING OPERATIONS Change 2 6-7



SUPPORT EQUIPMENT 6.1.1.3 A diver's support

from the surface , including the air he breathes, his

means of communication and the method whereby he

is normally brought up from the bottom , is provided

through the hose group . This consists of his air hose

and fittings (including the main air control valve) , the

lifeline/amplifier cable, and the pneumofathometer .

These three surface-connected lines are married

together into one basic umbilical (tied at three foot

intervals) so that they can be handled as one line . To

reduce the possibility of fouling , the last 50 feet ofthe

umbilical closest to the helmet is wrapped with

canvas.

The air hose is negatively buoyant and is constructed

and tested in accordance with MIL-H-2815E to supply

air at a maximum working pressure of 600 psig . The

hose is furnished in lengths of 50 feet with a male

coupling on one end and a female coupling on the

other and in 3-foot lengths of " leader hose" with a

female coupling on both ends .

The 50 foot lengths are used in making up the hose to

supply air from the surface to the diver's air control

valve. The 3 foot leader hose connects the air control

valve with the safety air non- return valve mounted on

the air inlet gooseneck . Each length of hose is marked

with the month and year of manufacture , the name

and trademark of the manufacturer and the words

"Divers H.P."

The air control valve is manually operated by the diver

to control the flow of air entering the helmet . The body

of the valve is a heavy brass casting with threaded

male fittings at both openings . Details of the valve

design and construction are shown in Figure 6-14.

The couplings on air hoses are force-fit , glued and

clamped in place for maximum security and strength .

The ends of the hose at the fittings , are treated with a

rubber compound to keep water from seeping into the

braid and causing deterioration of the fabric. For this

reason , standard lengths of hose should never be cut

back without proper retreatment. The couplings on

the hose and valves have a standardized diver's air

hose, or submarine , thread ( 1-1 /16 inch x 17 threads

per inch) . Adapters are available for making connec-

tions with other standard threads which may prove

Figure 6-13 Air hose, communications cable and fittings

shown properly secured to diver.

necessary in coupling with the air supply system . The

S-reducer connects with a 3/4 inch pipe thread , and

T-reducer connects with the thread on a torpedo air

flask (1-1 /8" -14 thread per inch) . Also, double male

and double female couplings are available for

matching up the air hose with connections in the air

supply system . These adapters are for use on the

surface only, and not for underwater connections.

Hose tests are covered in Section 6.4.5.3 .

The life-line/amplifier cable has a rubber-coated steel

cable core which provides a tensile strength of 2500

pounds. Four insulated conductors (white , green ,

black and red) are wound around the core and sealed

in by a rubber coating which in turn is covered by an

oil- resistant neoprene jacket . The finished cable is

5/8" in diameter and weighs about 0.35 pounds per

foot dry and is negatively buoyant in the water.
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The life- line/amplifier cable is usually made up in

lengths of 200 and 600 feet, and each length is

furnished with a coupling kit containing necessary

plugs , adapters and wrenches . If two units of cable

must be connected , the overall strength is reduced to

a static load of 1000 pounds which is the breaking

point of the plugs .

In use, the diver's end of the cable is connected to the

left helmet gooseneck, passed under the right arm

(from back to front) and lashed to the right breastplate

padeye before it joins the umbilical . At the surface ,

the cable is plugged into the diver amplifier unit on the

support ship.

The final component of the hose group is the pneu-

Figure 6-14

Figure 6-15

Diver's Air Control Valve

Communication/life-line , air hose , and pneu-

mofathometer in use for deep-sea diving .

mofathometer. This is a simple , but accurate ,

depth-measuring device (described on page 4-7)

which, when used as a part of a diving outfit , provides

surface support personnel with a method of constantly

monitoring the diver's depth . One end of a 5/16"

diameter oxygen hose is connected at the surface to

an air supply and pressure gage calibrated to read in

feet of seawater. The other end , which is open to the

water, is fastened to the diver's breastplate padeye

such that it terminates at the diver's chest level . The

depth is determined by the air pressure required to

blow and to keep water out of the hose . If the diver is

standing , five feet must be added to the gage reading

to determine the actual bottom depth .

Air Supply Requirements 6.1.2 The MK 5

diver's air supply may originate from either an air

compressor, bank of high pressure air cylinders , or a

combination of both . Section 6.6 presents a

discussion of the basic air supply systems , air purity

standards which supply systems must meet , and

airflow equations .

FLOW REQUIREMENTS 6.1.2.1 The primary re-

quirement ofthe open-circuit air supply system is that

it must have a capacity (in acfm) which will provide

sufficient ventilation at depth to maintain the carbon

dioxide level in the mask or helmet within safe limits

during normal work levels and during extremely hard

work or emergencies . By assuring that the apparatus

is capable of supplying at least 6 acfm (170 liters)

under all circumstances, one can be fairly certain that

the inspired carbon dioxide will never exceed 2

percent .

PRESSURE REQUIREMENTS 6.1.2.2 The over-

bottom and dive station manifold pressure require-

ments for the MK 5 diving outfit can be determined

from Figure 6-16a, or safe over-bottom pressure

requirements may be determined using the following

formula:

=

P = 25.71 D

where P Dive station manifold pressure (psig)

D = Depth of dive (fsw).

In Figure 6-16a , locate the capacity of the air

compressor and the depth of the dive on the vertical

SURFACE-SUPPLIED AIR DIVING OPERATIONS 6-9
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p
p
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and

horizontal
axis of

the

Compressor

Capacity

Chart.
The

junction of

these
two

points
will

specify
thenumber of

divers
the

compressor
will

support at 6

acfm .

Next ,
on

the

Compressor

Output

Pressure

Requirements

Chart ,

locate
the

manifold

pressurerequired at
the

depth of
the

dive .
In

order toadequately

fulfill
the

requirements
for

the
dive ,

the
compressor

must
meet or

exceed
both

capacity
andpressure

requirements .

C
a
p
a
c
i
t
y

, S
C
F
M

E
X
A
M
P
L
EP

R
O
B
L
E
M-

Two

divers

using
M
K 5

gear
are to

perform a

repair

operation at
190

feet .
The

hose
length to

each
diver is

500
feet .

What
are

the

capacity

and

pressure

requirements of
the

compressors
needed to

support
this

dive?

SOLUTION-
The

total

number of

divers to besupported is 3 ,
the

two

working

divers
plus

one
standby

diver.

1.
Find

the

compressor

output

capacity
from

Figure

6-16a
for 3

divers

working at
190

feet .

Capacity
150

scfm
1.

Determine

required

compressor

output

pressure

from

Figure

6-30b.

Pressure
160

psig

N
O
T
E-

THIS

FIGURE

INCLUDES
A
L
L

D
I
V
E
R
S
A
N
D

S
T
A
N
D
B
Y
S

T
o

support
the

above

operation ,
two

diving air

compressors

capable of

supplying
150

scfm at am
i
n
i
m
u
m

outlet

pressure of
174

psig
will

be

required.
T
h
e

second

compressor

shall
be

tested to

establish
that it is

operable
and

functioning

properly.

Where
thecontrol

system

permits,
this

unit

should

continue
to

run in
an

unloaded

condition
so it

can be

rapidly

placed
in

service .

S
A
M
P
L
E

CALCULATION

6.1.2.3

P
R
O
B
L
E
M-

One
diver is to

make a
diveto

190 fsw

using
the

M
K 5

Deep-
Sea

Diving

Outfit . A
bank oftwelve

200-

cubic-
foot

cylinders is to
be

used as
the

air

supply .

The

working ,
or

rated ,

pressure of
eachcylinder is

1800
psig .

The

cylinder

bank

pressure is

1700
psig .

What is
the

maximum

amount of
time

thatthe

diver
m
a
y

spend
on

the

bottom?

SOLUTION-As

discussed in

Section

6.6.2.2,
this

problem
may be

solved in
four

steps . (

Note:
these

calculations
are

always

based
on an

assumption of

4.5

acfm

diver
air

consumption .

Temperature

correction

factor
and

CO2

partial

pressure in
the air

supply ,

unless

excessive ,
are

insignificant .
Adiscussion

of
the

effects of

temperature
on

the air
supply at

depth is

presented
in

Section

6.6.2.2
for

reference. )

C
O

300

6

275

6

5

250

6

6

5

5

5

225

200

175

6

NUMBER OF DIVERS

6 6

6

L
O5 L
O

5

5

4

6

6

5

5

5

4

4

4

4

5

5

5

4

4

4

4

3

3

150

6

6

5

5

4

4

4

4

3

3

3

3

125

6

5

4

3

3

3

3

3

2

100

6
5

5
4

4

4

3

75

6
5

4
4

4 3

3

3

2 2

3
2

3
2

3

2

2

2

2

2

2
2

2
2

2

3
2
2

2

2

50 6 5

4
3

3
2

2
2 2 2

25

3
2

2

Normal Air

Limits

2
2

3
2

3
3
2

6554

4

3

322

4
5
5

6
5
5
4

4
3

3
3

3
2

2

2
2

10 20 30 40 50 60 70 80 90
100

110
120

130
140

150
160

170
180

190
200

210
220

2
3
0

240
250

Depth,
FSW

Figure
6-16a

Compressor

capacity

requirements to

support

Mark 5

operations .6-10

Change 2

U.S.

N
A
V
Y

DIVING

M
A
N
U
A
L

Emerge

S
u
p
p

ale
t
o

eof
this

e

bottleo
o
p
e
d
w
i

S
a
t
o
r

U
n
d
e
r
w
a
t
e
r 2

P
h
y
s
i
c
s

3

P
h
y
s
i
n

U
n
d
e
r
w
a
t
e
r



depth usage , the mask is equipped with a back-up air

supply bottle commonly referred to as a "come home

bottle . "

The Mark 1 mask is built around a molded plastic

frame upon which are mounted a rubber face seal , a

head harness , a faceplate lens made of 1 /4-inch

acrylic plastic , a side block assembly, a demand

regulator and a moveable nose pad, which can be

used by the diver as an aid in clearing his ears and

sinuses. See Figure 6-19a for details of construction .

-Side Block Assembly - This assembly functions

as a manifold . It is fitted with an on/off defogger

valve , which controls a steady air flow into the

mask and across the inside of the faceplate . This

feature is also used as an emergency breathing

mode in the event of demand regulator failure.

The emergency breathing supply valve for the

come home bottle is located on the rear of the

side block . The non- return valve is located within

the side block assembly.

-Demand Regulator - The demand regulator is set

into the mask in front of the diver's mouth . This

regulator is similar to the second stage of a single

hose SCUBA regulator . Air passes to the demand

regulator from the side block assembly through a

hard pipe; the flow of air is controlled by the

diver's breathing rate . A manual purge button

permits the diver to establish a free flow through.

the regulator . The regulator is adjusted by a knob

on its side to accommodate air supplied at over-

bottom pressures as necessitated by operational

requirements . The knob can be opened slightly to

permit a free flow through the oral- nasal mask as

discussed previously.

—
-Emergency Air Supply The emergency breath-

ing supply valve provides an air supply path

parallel to the non- return valve . Threads on the

inlet of this valve permit attachment of the come

home bottle whip . The come home bottle is

equipped with a SCUBA type first stage

regulator .

-
-Frame Exhaust Valve This is a mushroom type

valve which is located in the mask frame under

the demand regulator . The exhaust valve is at the

lowest point in the mask; therefore , when the

mask is upright , the discharge through the valve

automatically purges water from the mask. Under

ordinary conditions , this valve accommodates the

steady defogger flow .

-
-Oral-Nasal Mask This unit is mounted inside

the main body of the mask, an arrangement

which reduces both dead space within the mask

and the potential for CO2 build-up In normal

Figure 6-19 Lightweight diving gear shown with Jack

Browne mask and wet suit.
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Pressure

demand

operation ,
the

air

flows

directly
into

the

oral-

nasal

mask
and is

directed

through
the

regu-

lator

exhaust.

W
h
e
n

emergency
free

flow,

defog-

ging,
or

venting is

executed by

opening
thedefogger

valve ,

part of
the

flow

enters
the

oral-

nasal

mask

through a

check

valve in its
wall

and
passes

out

through
the

regulator

exhaust

valve.
The

oral-

nasal

mask is a
vital

component of
the

M
K 1

mask
and

must

never be

removed .

-Communications -
assemblies

are

installed in
the

mask.

Communica-

tion

wires
pass

through a

watertight

fitting in
the

mask

frame
and

are

appropriately

connected to

Earphone
and

microphone

internal

terminal

posts .

Standard

Navy

amplifiers

are

compatible
with

this

equipment .

-

M
K 1

Mask

Depth

Limitations

When

utilizing
the

M
K 1

mask
for

air

diving

operations ,
the

maximum.
permissible

depth is
190

feet .

The

mask
may be

dived

from 0 to 60
feet

without a

come

home

bottle . A

come

home

bottle is

mandatory
from 60

feet to
190

feet.

The
M
K 1

mask
can

only be

used

beyond
130

feet

in

conjunction

with
the

open

diving
bell .

-

Operational

Considerations
lightweight

diving

apparatus
and

should
not

beconstrued as a "

hard
hat"

replacement .

When

divingoperation
call

for a

heavy

work
rate

close tom
a
x
i
m
u
m air

depth,
the

M
K 1

mask

should
not be

The
M
K 1

mask is a
used .

-

Special

Note
various

Navy

commands
had

been

authorized to
procure

and

operate

commercial

diving

masks (

K
M
B)

Prior to

issuance of
the

M
K 1

mask ,
series) ,

which
are

similar to
the

M
K 1.

They
are,however,

quite

different in

many
ways.

The

above
information

applies
only to

the
M
K 1

mask;

separate

data
and

procedures for
the

K
M
B

series
have

been
provided to

commands
using

these

masks .

T
H
E

DIVING

D
R
E
S
S

G
R
O
U
P

6.1.2.2
The

stand-

ard

lightweight

diving

dress
has

been

recentlychanged to
the

UNISUIT,
an

inflatable ,
1/4

inch.
closed-

cell

neoprene
dry

suit,

discussed in

Section.

5.1.2.1 of

Chapter
Five .

The

optional

lighweight

diving

dress
may

consist of

either a
wet

suit or a
pair of

swim

6-10b
Change 1

trunks ,

depending

upon
the

underwater

conditions.Optional

dress
m
a
y be

used
with

either

lightweight
m
a
s
k.

T
H
E

H
O
S
E

G
R
O
U
P

6.1.2.3
T
h
e
hose

group for
the

lightweight

diving

outfit is

m
a
d
e
u
p
into

an

umbilicalin

the

s
a
m
e

manner
as

that

used
with

the

deepsea
outfit

(

Section

6.1.1.3).

The

lightweight

diving
air

hose

used
with

the

standard

m
a
s
k is 5/16-

inch
I.D.

oxygen

hose

manufactured

per
Z
Z-H-

461 .

This
hose is

designed
to

withstandaworking

pressure of
250

psi
and a

proof

pressureof

700
psi

held
for

two

minutes.

After
two

years
light-

weight

diving

hose
shall

be

hydrostatically

tested to

375
psi

and
held

for
one

minute ,

with re-

testing
everysix

months

thereafter ,
until it is

retired

from

service
after

five

years .

Hose
used

for

diving
with

the

standard

lightweight

mask is

supplied in

lengths of
50

feet ,
with a

femalecoupling at

each
end .

Two

standard

length

hoses
may

be

coupled

together
with a

double

male

fitting if alonger

umbilical is

required .
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C.

2.

Determine the pressure available to the diver

at depth :

Determine the absolute psi equivalent to the1 .

diving depth:

Depth + 33
X 14.7 psi =

33

Absolute psi at

Depth of Dive

190 + 33

33

X 14.7 psi = 99 psi

The psi available to the diver at depth may

then be determined :

0 50 100 150 200 250

Depth , FSW

Figure 6-16b Dive station compressor output pressure

requirements for support of Mark 5

operations .

Step 1. Calculate the available capacity of the air

supply and the pressure available from the air supply

for the diver at depth . The step involves three

substeps :

A. Determine the total air capacity of the cylinder

bank:

Number of

Cylinders

in the

Bank X

(Minus 1

for

Reserve)

11

Rated Capacity

of Each Cylinder =

(scf)

200 scf

Cylinder

Bank + 14.7

Pressure

(psig )
(

Absolute psi 220 psig Pressure Avail-

at Depth of

Dive

+ Minimum + 14 7

Bank

Pressure

Requirement

= able to Diver at

Depth (psi)

(1700 psig + 14.7) - ( 99 psi + 220 psi + 14.7) 1381 psi

Step 2. Calculate the amount of air available at the

diving depth :

Available Air

= At Diving Depth

(scf)Total Air

Capacity of

the Cylinder

Air Capacity

Available at

Cylinder Bank

Pressure

(scf)

X

Pressure Available

to Diver at Depth

(psi )

Cylinder Bank

Pressure (psig)

+ 14.7

1381 psi

2078 scf X = 1674 scf

Bank

(scf)

1700 psig + 14.7

Step 3. Calculate the amount of air consumed by the

diver per minute over the time of the dive:
2200 scf

B. Determine the air capacity available at the bank

pressure . (Absolute values of psi are used in this

and subsequent steps . )

Diver's Estimated

Average Air

Average Air Con-

sumption Per

Depth + 33 Consumption Over
X =

33 Time of Dive

Cylinder Bank Total Air Air Capacity
+ 14.7

Pressure (psig ) Capacity Available at

X

(acfm )

(See Table 6-5)

Minute Over

Time of Dive

(scfm )

=

Cylinder Working

Pressure (psig )

of Cylinder

+ 14.7

Bank (scf)

Cylinder Bank

Pressure (scf)

190 + 33

1700 psig + 14.7
33

+
3 X 4.5 acfm = 30 scfm

1

X 2200 scf = 2078 scf

1800 psig + 14.7

SURFACE-SUPPLIED AIR DIVING OPERATIONS 6-11Change 2
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Step 4. Calculate the duration of the dive (maximum

bottom time):

Available Air

at Diving

Number of

Depth

(scf)

Divers

Including X

Standby

1674 scf

Average Air

Consumption

Per Minute

OverTime

of Dive

(scfm )

2 x 30 scfm

=

=

Maximum Bottom

Time in Minutes

28 minutes

The maximum bottom time is therefore 25 minutes .

Note: For a dive to 190 fsw , 25 minutes decom-

pression is required . One cylinder has been held in

reserve for decompression . The quantity of air needed

to support the diver during decompression must

therefore be calculated to determine if the one

cylinder is sufficient . Based on the 190/25 schedule

of the U.S. Navy Standard Air Table (Chapter Seven) ,

and an average ventilation flow rate of 4.5 acfm (see

Table 6-5 ) , the quantity of air required for

decompression is:

Stop Depth + 33

33

30 fsw + 33

33

X

x Ventilation x Stop Time

(See Table 6-5)

=

Quantity

of Air

Needed

at Stop

4.5 (acfm ) x 5 min = 43 scf at 30 ft

Dressing Procedures 6.1.3 The dressing pro-

cedure for the MK 5 Deep-Sea Diving Outfit is

presented in Figure 6.17 . Once dressed in the

deep-sea gear , a diver will be unable to walk without

assistance from the tenders . The tenders should

maintain a firm grip on the diver to prevent him from

falling . This is best accomplished by having one

tender grasp the life-line and air hose as close tothe

breastplate as practical while another tender grasps

the goosenecks in the rear . A dressed or partially

dressed diver in deep-sea gear must never be left

unattended and must never stand or move without

constant tender assistance . The Diving Supervisor

shall conduct a complete predive checkout of the

diver before he enters the water (as discussed in

Section 6.8.2 ) , and in particular , shall check the

helmet safety lock , cotter pin and adjustment of the

jocking strap .

Emergency Procedures 6.1.4 Operational failures

will rarely occur with well- maintained , thoroughly

inspected and tested equipment . The best safety

factor is a positive , confident attitude toward

diving and careful planning for emergencies . With

the MK 5 outfit , the diver will have sufficient air to

breathe for about 6 to 9 minutes after a complete

loss of air supply. He should close both the inlet,

exhaust , and spitcock valves to conserve his air,

and notify topside of his problem . If a cut hose is

the cause of the trouble , the standby diver can

bring down and attach another hose . Otherwise,

the diver must get to the surface . Since he can no

longer increase suit displacement , he must jettison

weights to initiate a controlled blowup. Procedures for

20 fsw + 33

33

X 4.5 (acfm ) x 11 min = 80 scf at 20 ft

10 fsw + 33

33

X 4.5 (acfm ) x 25 min = 147 scf at 10 ft

Total = 270 scf

A All equipment is throughly inspected and laid out in an

orderly manner.

Since each cylinder has a capacity of 189 scf @

1700 psig , two cylinders are required as a reserve .

Figure 6-17 Dressing procedures , Mark 5 deep-sea diving

outfit.
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C Two tenders assist the diver.

B Dressed in warm clothing or woolen underwear, the diver

begins to suit up.

E While the diver supports himself on a bench , the tenders

lace the suit.

D The diver leans forward to properly position and fit the

diving dress.

F Properly laced suit.

SURFACE-SUPPLIED AIR DIVING OPERATIONS 6-13
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G Supporting himself on the tenders, the diver steps into

the weighted shoes-which the tenders strap and tie.

The four breastplate straps (brales) are placed over the

breastplate studs- each in its specific numbered location .

Note the hose ties tucked out of the way in back ofthe

diver's neck. The lug nuts are installed hand tight.

J The tender sequentially secures the lug nuts with a

socket wrench .

H With the diver seated , the breastplate is positioned . Note

that the breastplate fits between the canvas suit and the

rubber gasket.

K The diver stands, and his weight belt is fitted

and positioned .

6-14 U.S. NAVY DIVING MANUALChange 2



L Final buckling and tightening is done with the

diver seated . The wrist straps are put on .

N While one tender braces the diver , the other turns the

helmet until it is properly seated .

M The helmet, with face plate open , is carefully lowered

overthe diver's head and properly aligned.

O One tender secures the dumbbell safety lock; the other

begins to install the hose group .

P Atender makes final adjustments. Note hose, lifeline-

cable position . The diver must never be left unattended , and the tenders

should frequently check his well being .
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replacing a cut or fouled hose under water , along with

general emergency procedures for surface-supplied

air diving are discussed in Section 6.8.7.2 . A detailed

discussion of diving emergencies is presented in

Chapter Eight of this manual .

Equipment Maintenance 6.1.5 Before stowage , all

gear of diving dress and equipment must be washed

with fresh water, dried , repaired as necessary, and

lubricated where appropriate . As most items must be

tested prior to their use , this information has been

organized to provide general guidance in the

inspection , assembly, maintenance , and repair of the

MK 5 diving equipment .

mixture of 60 % litharge and 40% glycerin and set

new port glass in place . Clean off excess bedding

compound.

D. Replacement of spitcock- requires application

of heat to melt solder , cleaning of hole , tinning and

re-soldering new valve . A serviceable but hard-

working spitcock can be ground down slightly by using

brightwork polish as a grinding compound.

HELMET ASSEMBLY 6.1.5.1

A. General condition -the helmet must be in good

repair, free of major dents and nicks . All threads must

be clean , free of verdigris or dirt, and undamaged.

Glass in the viewing ports must be clean , free of

scratches , nicks or cracks , and well sealed .

Faceplate hinges should be free , and the faceplate

seal in good condition.

B. Post dive- wash with fresh water, dry and coat

all gaskets lightly with neatsfoot oil . Inspect the

breastplate gasket ; if distorted or worn , replace . Store

helmet, gasket , breastplate , brails , wingnuts and

washers assembled as a unit . Thread the helmet onto

the breastplate one thread above the gasket. This

keeps the weight of the helmet off the gasket, and

enables the neatsfoot oil to soak in and cause it to

expand, ensuring a watertight seal the next time the

helmet is used . Breastplate lanyards remain attached

to padeyes , preferably tied in a double figure-eight

knot. The helmet group is usually set on custom fitted

wooden storage racks . For a period of time after the

dive, or when operating in a tropical , humid climate, a

10-watt light bulb should be set inside the helmet and

left burning to dry any dampness out of the diver's

reproducer unit.

C. Repair and replacement of glass in faceplate

or ports- remove old glass , clean bed, line with

Figure 6-18 Correct stowage arrangement of deep-sea

diving helmet.

E. Maintenance of exhaust valve-should be

inspected at weekly intervals and before every dive.

The valve must be clean and the valve disc must seat

tightly . The adjusting sleeve setscrew and the

secondary spring follower (see Figure 6-19) should be ■

set to just touch when the handwheel is 1/8 turn from

full closure . The valve may be cleaned with brightwork

polish and a toothbrush ; be certain that all traces of

the polish are removed.

F. Replacement of diver reproducer unit-dis-

connect wires , remove bracket nuts and lift out unit . If

the passage through the gooseneck needs re-sealing

or if the contacts need to be replaced , heat and

remove sealing compound , take out contact, clean

gooseneck . Insert new contact ; test before re-sealing

with wax or sealing compound .

S
C
U
B
A
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Valve Body

I

Figure 6-19

exhaust valve

Adjusting Handwheel

Secondary Spring

Adjusting

Sleeve

Primary Spring

Stem Disk

Chin Button

Sectional view of deep-sea diving helmet

DIVING DRESS 6.1.5.2

A. General condition- in good repair , free of rot

or mildew or cracks . Suit can be checked for leaks by

installing blanked breastplate and inflating with two

pounds air pressure . Leaks can be circled with chalk

for later repair . (See below. )

B. Post-Dive- rinse outside with fresh water and

spread out to dry . Avoid folding a diving dress as

creases may become permanently set and lead to

cracking .

C. To patch-make sure material is dry and clean .

■ Trim any loose threads . Cut patch 1 " larger than hole ,

round all corners ; strip the protective cloth from the

face of the patch and set the patch , face up , on a flat

surface . Apply three coats of rubber cement to the

patch and dress and allow each coat to dry until tacky

(about 45 minutes) . Set patch carefully and firmly,

working from center out to edges with fingers to

remove all air bubbles . If an edge of the patch does

not take or curls , do not try to re-cement-trim with

scissors. Do not use a patched suit for 24 hours.

D. Renewing Cuffs- place tapered wooden plug in

the sleeve , with the small end extending out about

four inches. Roughen the outside of the sleeve from

the edge for a distance of three inches . Turn the

sleeve edge of the cuff and roughen two inches ofthe

inside surface. Slip the cuff over the plug until the

folded-back edge just touches the sleeve . Apply three

coats of rubber cement to roughened area of both the

sleeve and cuff . Roll the folded part of the cuff over

the sleeve and firmly smooth out any bubbles . Cut two

curved strips of patching cloth , using the standard

template shown in Figure 6-20 . Roughen and cement

one strip and apply over the outer-junction of cuff and

sleeve. Finally , turn sleeve inside out and apply the

other strip to the inner-junction .

E. Renewing gloves- similar procedure to that for

attaching cuffs . First , however, the lower part of the

elbow patches must be loosened and folded back . The

gloves must be "sized" for the diving dress , by

cutting 1 " from the top (gauntlet) for use with a No. 3

dress, 2 " for a No. 2 dress and 3" for a No. 1 dress.

The glove is slipped over the plug , and two inches are

turned back . The sleeve and glove are roughened and

cement applied-being sure that the thumb line of the

glove will line up with the dress sleeve so that it will

hang in a natural position . The gloves are cemented

and sealed with patching strips in the same manner as

the rubber cuffs . The elbow patches should be re-

cemented in place.

F Crotch patches-are replaced as with any other

patch , except that a special stand must be used and

the suit is pressurized to 1/2 psi .

G. After patching-hang the diving dress up on

heavy wooden hangers ; this will ensure the dress

getting plenty of air and keep it free of mildew, cracks

or rot, and protect it from abrasion and damage .

SUPPORT EQUIPMENT 6.1.5.3 Air Hose-follow

the procedures outlined in Section 6.4.5.3 , for

periodic visual inspection , coupling pull-out testing ,

burst testing and replacement requirements .

Life-Line/Amplifier Cable-

A. General Condition- Check for wear within one

foot of either end of cable where bending is usually

maximized during use . Check for cuts , kinks and

tears . Test for continuity of communication circuit .
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Securing Strip : 1/4" = 1 "

Glove Palm Section 1 : 1/4" = 1"

Glove Palm Section 2: 1/4" 1/2"-=

Glove Thumb: 1/4"= 1/2"

Figure 6-20 Patch patterns for cementing rubber cuffs and

diver/tender gloves to the MK 5 deep-sea

dress .
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B.
Pre-dive-each length of cable is furnished with

2 male plugs (one at each end , installed) , 1

double-female coupling , 1 coupling wrench , 2 leather

washers (used to seal couplings or gooseneck fitting)

and 1 spanner wrench (for disassembly of a plug) .

Cable should be made to working length , ensuring

that a leather washer is at each joint . Check for

continuity of the communication circuit . NOTE: when

taking new cable from the cable spool allow the spool

to revolve so that the cable will not twist .

C. Post-dive-Since the lifeline/amplifier cable is

made-up to the air hose , it will be cleaned and dried at

the same time that the air hose is being maintained ,

and the two will be stowed on a reel as a married unit .

D. General Maintenance-

-if a bubble forms under the outer covering , punc-

ture with a pin , wrap with several layers of rubber

tape with alternate layers of rubber cement ; cover

with friction tape and shellac .

re-seal any leaks or cracks in the plug seal with

sealing compound or beeswax ; fill to within 1/4 inch

inch of plug .

-to remove jack plug- unscrew gland nut at the

rear of the housing and remove packing ; remove

the lock nut at the front of plug housing (using

supplied spanner wrench) . Heat the housing to

soften sealing compound , and slide it back on the

cable . Loosen terminal connections and remove

plug . Melt the solder which secures the steel

core of the anchor plug , remove the screw

wedge and anchor plug . The cable may now be cut

back to reach undamaged wires .

to re-assemble the jack plug-slide the gland nut

and jack plug housing onto cable . Cut back and re-

move coverings, including inner jacket on steel

cable , for four inches . Separate the strands of

core , and tin . Slip the anchor plug over the cable

and bring it as close as possible to the rubber

covering . Spread the strands around the circum-

ference of the plug hole and drive in the screw

wedge . Solder the screw and the core cable

into the anchor plug ; cut off all loose ends and

smooth with a file . Clean ends of the conducting

wire and twist into pairs , red with green , black with

white . Form an eye in end and solder . Pull

plug housing down over anchor plug as far as

possible . Conductors should extend about 1/4" out

of the housing . Insert several turns of flax packing

into the gland and screw the gland nut down tight.

Place a thin leather washer over the conductors

and attach them to plug terminals ( red/green

pair to side terminal , black/white pair to center

terminal) . Pour melted sealing wax into open end

of the housing to within 1/4" of the plug seat ;

while sealing compound is still soft , seat the jack

plug in the plug housing , making certain that the

leather washer is properly situated on the seat.

Finally screw in the locking nut and pull up tight .

4

Figure 6-21 Sectional view of jack plug assembly

To Marry Life-Line / Amplifier Cable , Air Hose and

Pneumofathometer-follow the procedure outlined

in Section 6.4.5 .

Air Control Valve-

A
. General condition- all threads clean and

undamaged ; valve free of verdigris and dirt . Valve and

valve seat cleanly ground at 60 degree angle . Packing

adjusted so that the valve works stiffly but smoothly.

B. Maintenance-the valve should be periodically

disassembled , cleaned and re-packed . Assembly

would proceed as follows-

1 .

2.

3 .

4 .

5.

Screw the valve stem into the stuffing box.

Place the copper ring washer into the groove on

top of the valve body.

Insert the valve stem into the body and screw the

stuffing box up tight with a wrench . The valve

stem should not be in contact with the body while

the box is being drawn up tight .

Insert the first lead packing ring over the valve

stem .

Take several turns around the valve stem with

the flax packing , and insert the second lead

packing ring.
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6.

7 .

8.

Insert the stuffing box gland and screw the cap-

nut into position .

The bracket is secured by screws to the valve

body to prevent the capnut from backing off.

Place the valve handle , stem nut and cotter pin

in place . Make sure that the packing is adjusted

so that the valve will turn stiffly enough to pre-

vent accidental changes , but smoothly and easily

enough so that it can be manipulated by a diver

wearing relatively clumsy diver/tender gloves .

Safety Air Non- Return Valve-

A. General condition-the nonreturn valve is a

"spring and stem " type and must be in good

condition . The valves should be tested for positive

closing at both high and low pressure exposure . The

tests are made in the following manner-

1 .

2.

High pressure-install valve backwards in an

air hose and pressurized . Submerge the valve ,

under pressure , in a bucket of clean water and

check for any signs of leaking air.

Low pressure-the valve must work with a pres-

sure differential as low as the range one- half to

three-quarters psi . This is a critical range , since

higher pressures naturally tend to force the valve

tightly against the seat . The best method for

testing for low pressure operation is to blow

smoke through the valve , in both directions . It

should flow easily in the proper direction ,

and not at all in the opposite direction .

Figure 6-22

مسجلاب

T

Sectional view , deep-sea air control valve.

B. To repair leaking valve- in a spring and stem

type , install a new leather washer and spring ; in the

cartridge type , install a new cartridge and O- ring . The

cartridge valve body and insert are both marked with

an arrow , to indicate the direction of flow , to assist in

the installation . After re-assembling the spring and

stem valve , check the inside diameter of the leather

gasket to make sure that it has not spread into the air

passage . This would indicate that the valve was set

too tightly which could result in serious restriction of

the air passage . Place the copper ring washer into the

groove.

Figure 6-23

Spring and Stem

Sectional view of non - return valve .

MISCELLANEOUS MAINTENANCE 6.1.5.4

A. Woolen items should be stored with a larvicide .

Prior to use, thoroughly air or wash items .

B. Leather articles will tend to become dry and hard

when used in water unless properly oiled . Neatsfoot

oil should be applied in the following manner:

1. Place the item to be oiled as flat as possible.

2. Apply the oil in thin coats until the oil soaks

through to the other side.

3. Do not apply oil to both sides of the material .

4. Do not submerge the item in oil.

5. When completed , wipe excess oil from the sur-

face .
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DIVER'S MASK, USN MK 1 MOD 0 6.2

There are two types of lightweight diving systems

approved for fleet use in the Navy: the Diver's Mask

MK 1 Mod 0 system and the older Jack Browne

system . The MK 1 Mod 0 system (Figure 6-24) is an

improved lightweight diving mask . Although both

Operational Considerations-The MK 1 Mod 0

system is a lightweight diving apparatus . When a

diving operation calls for a heavy work rate close to

the MK 1 Mod 0 system's maximum depth limit , the

system should not be used as a substitute for the MK

12 or MK 5 diving systems .

systems are surface supplied with air , the MK 1 Mod 0 Special Note-Prior to issuance of the MK 1 Mod 0

is a demand breathing system and the Jack Browne is

a free-flow apparatus . The advantages and dis-

advantages of lightweight diving equipment are

discussed in Chapter Four of this volume.

MK 1 Mod 0 System Depth Limitations-When

using the MK 1 Mod 0 system for air diving

operations , the maximum permissible depth is 190

feet. The system may be dived from 0 to 60 feet

without a back-up supply (" come-home" bottle) . A

come-home bottle is mandatory from 60 feet to 190

feet. The MK 1 Mod 0 system can only be used

beyond 130 feet in conjunction with the open diving

bel ! (Figure 6-25) .

system , various Navy commands had been authorized

to procure and operate commercial diving masks

(KMB series) which are similar to the MK 1 Mod 0.

They are, however , quite different in many ways. The

information in this section applies only to the MK 1

Mod 0 system ; separate data and procedures for the

retrofitted KMB series have been provided to

commands using these masks .

Figure 6-25 Diving bell .

Figure 6-24 Diver's Mask USN MK 1 .

System Description 6.2.1 The MK 1 Mod 0 diving

system permits two-way voice communication

between the diver and the surface and has features

that minimize the dangers of flooding , face squeeze,

and CO2 buildup . The MK 1 Mod 0 is a demand

breathing apparatus , incorporating an emergency

free-flow capability for defogging the faceplate . This
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free-flow may also be used as an emergency

breathing mode or for clearing the mask when

flooded . The demand regulator can be adjusted to

provide continuous flow through the oral-nasal mask

should a specific operational dive scenario require

this . The mask provides all the diver's air required

when used in the demand mode ; "dial-a-breath " and

emergency free-flow are not routinely used.

The basic components of the MK 1 Mod 0lightweight

diving system are the mask assembly, diving dress,

integrated diver's vest (IDV) , and the umbilical

assembly, which includes the air hose and fittings ,

life-line , communications cable , and pneumofatho-

meter. Figure 6-26 shows a diver equipped with the

MK 1 Mod 0 lightweight diving system .

THE MASK ASSEMBLY 6.2.1.1 The MK 1 Mod 0

system is built around a molded fiberglass frame upon

which are mounted a rubber face seal , a head

harness , a faceplate lens made of 1 /4-inch acrylic

plastic, a side block assembly, a demand regulator ,

and a movable nose pad , which can be used bythe

diver as an aid in clearing his ears and sinuses . See

Figure 6-27a for details of construction .

Side Block Assembly-This assembly functions as a

manifold . It is fitted with an on/off defogger valve ,

which controls a steady airflow into the mask and

across the inside of the faceplate . This feature is also

used as an emergency breathing mode in the event of

demand regulator failure . The emergency breathing

supply valve for the come-home bottle is located on

the rear of the side block . The nonreturn valve is

located within the side block assembly.

Demand Regulator-The demand regulator is set

into the mask in front of the diver's mouth . This

regulator is similar to the second stage of a single

hose SCUBA regulator . Air passes to the demand

regulator from the side block assembly through a hard

pipe; the flow of air is controlled by the diver's

breathing rate. A manual purge button permits the

diver to establish a free-flow through the regulator .

The regulator can be adjusted by a knob on its side to

accommodate air supplied at varying over-bottom

pressures as required by operational conditions . The

knob can be opened slightly to permit a free-flow

through the oral-nasal mask as discussed previously.

Figure 6-26 Lightweight diving outfit .

Frame Exhaust Valve-This is a mushroom type

valve which is located in the mask frame under the

demand regulator . The exhaust valve is at the lowest

point in the mask; therefore , when the mask is

upright, the discharge through the valve automatically

purges water from the mask. Under ordinary

conditions , this valve accommodates the steady

defogger flow.

Oral -Nasal Mask-This unit is mounted inside the

main body of the mask, an arrangement which

reduces both dead space within the mask and the

potential for CO2 buildup . In normal demand

operation , the air flows directly into the oral-mask and

is directed through the regulator exhaust . When

emergency free-flow , defogging , or venting is

6-22
U.S. NAVY DIVING MANUALChange 2



executed by opening the defogger valve , part of the

flow enters the oral - nasal mask through a check valve

in its wall and passes out through the regulator

exhaust valve . The oral-nasal mask is a vital

component ofthe mask assembly and the MK 1 Mod 0

system should never be used unless the oral-nasal

mask is installed .

Communications-Two-way voice communication

is afforded by means of earphone and microphone

assemblies which are installed in the MK 1 Mod 0

system . Communication wires from the communica-

tions cable pass through a watertight fitting in the MK

1 Mod 0 system frame and are appropriately

connected to internal terminal posts . Standard Navy

amplifiers are compatible with this equipment .

DIVING DRESS 6.2.1.2 Choice of the diver's dress

to be used on any specific dive with the MK 1 Mod 0

system depends on the following factors : water

temperature , bottom time , and working conditions at

the dive site. Available diving dress are the variable

volume dry suit ( an inflatable , 1 /4-inch closed-cell

neoprene dry suit) , the wet suit (both suits are

described in Section 5.1.2.1 ) , swimming suit, and a

hot water suit (with liner) .

The hot water suit diving system uses a surface unit to

heat salt or fresh water and circulate it through an

insulated hose to the diver . The diver , who wears a

specially constructed suit with built- in warm-water

distribution tubing , is kept warm by the thermal

effects of the heated water inside his insulated suit .

Diver's Vest-The integrated diver's vest (Figure

6-30) is a nylon vest that serves as a safety harness

which includes a backpack for an emergency

come-home bottle and pockets for lead weights. It is

used only with the MK 1 Mod 0 diving system . The

vest has adjustment buckles and D- rings at several

locations to permit adjusting the fit for divers of

various sizes . A D- ring is provided on the right side of

the vest to which an umbilical can be connected . The

vest can be worn over a diver's wet suit , hot water

suit, or a dry suit . When used with a dry suit , the vest

must be properly adjusted to permit access to the

valves on the front of the dry suit . Donning procedures

for the integrated diver's vest are shown in Figure

6-31 .

Dress Accessories- Other items of protective cloth-

ing , such as gloves , hood , thermal underwear, and

boots , must be added to the diver's dress when

conditions at the dive site dictate . An approved life

jacket must be used with the MK 1 Mod 0 system on

dives between 0 and 60 feet . For dives over 60 feet ,

the integrated diver's vest must be worn with a

come-home bottle .

UMBILICAL ASSEMBLY 6.2.1.3 The umbilical for

the MK 1 Mod 0lightweight diving system includes the

air supply hose and fittings , communications cable,

life-line , pneumofathometer hose , and hot water hose

(if a hot water suit is used ) .

The air supply hose can be either 3/8- inch (this hose

was delivered with some MK 1 Mod 0 outfits) or

1 /2-inch ID, MIL-H-2815 , smooth cover deep-sea

hose .

The communications cable is of the four-wire type ,

terminating in a female connector at the diver's end .

The life- line serves three purposes : it removes strain

from the air hose , it permits tending the diver

assisting him in descent and ascent , and it provides

a means for maintaining communications with the

diver . The life- line is made up by the diving unit , using

a 1-1 /4-inch line or line of equal strength (300- pound

working load minimum ) .

The pneumofathometer hose is 5/ 16- inch in size. The

end should be adjusted so that the diver end will

terminate at the diver's chest .

The hot water hose must conform with the

requirements of NAVSEAINST 9597.1 series .

Air Supply 6.2.2 Air for the MK 1 Mod 0 system is

supplied from the surface by either an air compressor

or a bank of high pressure air cylinders as is

described in Section 6.6.3.
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PARTS LIST FOR FIGURE 6-27a

FIND

NO.

U.S. DIVERS

NO.

NAVY PART NO . OR

IDENTIFYING NO.

1
2
3
4
5
6
7
8
9
0

3901-10 4666755

3901-11 466762

3900-28 4666867

3900-29 4666868

3900-30 4666869

3901-12 4666805

3901-13 4666767

3901-14 4666768

8450-32 4666769

3901-15 MS35307-313

11

12

1
2 3903-79

3901-17

3
4
5
6

13 8202-59 4666834-7

14 3900-83

15 3901-18

4666772

4666774

16 8340-20

4666770

Commercial

MS35273-43

NOMENCLATURE OR

DESCRIPTION

Hood and face seal

Nose clearing device

Earphone, right

Earphone , left

Microphone

Sponge, muffler

Deflector, muffler

Washer, muffler

Bolt, hex-head

1 /4-20UNC-2Axl -3/4LG

Screw , hex , socket

Flat head 82°

10-32UNF-2AX

1-1/8LG

O-ring

Lens

Retainer, lens

Screw, machine

Band , top

Frame, mask

MATERIAL

OR NOTE

CRES

CRES

300 series

Slotted fillister hd . CRES

17 8200-10

18 8200-08

19 3901-19

4666834-2

4666834-1

4666776

20 4666858

21 3901-29 MS35273-26

23

25

31

32

2
2
2

2
0
7
0

2
8
5
2
8
2
2
8
5

8
8
0

17-096

3901-31

4666802

4666803

8-32UNC-2Ax3/8LG .

O-ring

O-ring

Knob, nose-clearing

Regulator, demand

Screw, slotted fil. hd.

6-32UNC-2AX1 /4LG

Cover, main exhaust

CRES

Valve, main exhaust

24 8340-21 MS35273-68 Screw, slotted fil . hd . Brass

10-24UNC-2Ax1-1 /4LG

3901-32 4666804 Band, bottom

26 3901-33

8450-50

4666806 Post, binding

28 8520-23

AN960BIO

Commercial

Washer, flat No. 10 Brass

Nut, hex 10-32UNF-2B , Brass

double chamfer

29 3906-35

30

4666807

4666834-8

Gland , packing

3901-06 4666831

3901-46 4666808

33 3901-36 4666809

34 8200-20 4666834-6

35 3901-40 4666823

36 3900-40 4666824

37 3901-43 4666821

38 3901-42 4666822

39

40 3901-39

4666862

4666825

46 3900-73 4666896

48 3900-68 4666826

O-ring

Lug , terminal

Connector, male

Gasket side valve

O-ring

Fitting , oral- nasal

Mask, oral- nasal

Body, oral-nasal

Valve

Check-valve

Oral-nasal

Side valve

Spider

Jam nut

Valve , emergency gas
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PARTS LIST FOR FIGURE 6-27a

(Not Shown Exploded View)

NAVY PART NO. U.S. DIVERS NO.

4666811 0501-07

4666812 3900-65

4666813 8450-58

4666815 3901-38

DESCRIPTION

Spring

Bonnet

Washer

Seat

NSN 8450-58

4666827 3900-69

4666828 0525-41

4666830 0525-18

Washer .257

x .022

Stem

Handwheel

Locknut

4666834-2 8200-10 "O" Ring

4666834-5 8200-15 "O" Ring

4666834-10 8203-05 "O"Ring

4666876 3900-31 Stem

NSN 3900-41 Block

4666891

4666892

4666894

4666895

4666834-3 8200-12

4666878 3900-34

4666879 3900-35

4666834-4

1019-14 1019-14

102510 1019-14 Nut

102517 1019-14

103729 1019-14

103732 1019-14

104903 1019-14

Tubing

Sleeve

Tailpiece

Union Nut

"O" Ring

Valve, Check

Body, OneWay

"O" Ring

Clamp Ring

Spacer

Lever

Diaphram

Retainer

104912 1019-14 Exh . Tube

105139 1019-14

106911 1019-14

Exh . Valve

Washer

108510 1019-14 Seat

390039 1019-14 Seat

390073 1019-14

390120 1019-14

Jam Nut

Knob

390121 1019-14

390122 1019-14

390123 1019-14

390124 1019-14

390126 1019-14

390128 1019-14

390427 1019-14

390501 1019-14

820011 1019-14

820014 1019-14

833003 1019-14

834020 1019-14

845001 1019-14

845022 1019-14

876007 1019-14 Pin

B602-61 3906-37

NSN 3906-30

NSN 3906-33

Nut

Shaft

Spacer

Spring

Box Bottom

Spring

Piston

Logo

"O" Ring

"O"Ring

Screw

Screw

Washer

Washer

Nut, Jam

Ferrule Front

Ferrule Rear
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1000-40

Item Part No.

3 -

Description

SPRING

4 -

5-8210-01

6

7

-

-

8 - 1053-23

9-1053-03

1053-28 SPRING PAD

GASKET

1000-29 DIAPHRAGM

1st STAGE

-19

22
3

-18
23-

22

-17

-16

21-
-15

-14

-13

12

1000-27 SUPPORT 20

PIN

BODY

10 1053-17 PLUG

11

11

10

11 —- 8200-11 O-RING

12 ―
- 7053-20

131046-04

14

15

-

-

16 1053-24-

SEAT

SPRING 8

33
8200-06 O-RING

7

8200-06 BACK-UP RING

SPRING BLOCK -6

17 - 1046-13 SPRING

18-1057-06 FILTER -5
CONSHELF XII

ARCTIC
19 -- 8630-51 RETAINER RING

EXPLORER

20 4-
1077-07 YOKE

21

22

23 -

1053-10 YOKE RETAINER

8221-12 O-RING

1010-12 CAP ASSEMBLY

-23
3

-27

-31

32

25

26 -

1053-90

- 1053-20

271053-26

1053-27

2
2
7
2
2
8
5
2
8

29

30

-

- 1088-54

311088-51

DECAL

ADJUSTING SCREW

SPRING RETAINER

SPRING

PACKING RING

- 1080-53 SECONDARY DIAPHRAGM

SPRING RETAINER

SILICONE FLUID (2 oz . container)

33-9109-20
RELIEF VALVE

321088-55

-26 -25

1973 & LATER 30

CONSHELF XII

29

Figure 6-27b Diver's mask , MK 1 Mod 0 first stage regulator

(Conshelf XII ) parts list .
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Figure 6-28

Figure 6-29a

Revised lightweight diving outfit includes the

diver's mask USN MK 1 and wet suit.

Hot water suit.

MED
REG

Back Tube

Front Control

and

Back Control

Flow Control

Figure 6-29b Flow schematic , hot water suit.

Front

Emergency Air Supply-The emergency breathing

supply valve provides an air supply path parallel to the

nonreturn valve . Threads on the inlet of this valve

permit attachment of the come-home bottle whip. The

come-home bottle is equipped with a SCUBA-type

first stage regulator , which should be set at 175 £5

psi over bottom , with the first stage relief valve set to

lift at 200 psig.

SCUBA Air Supply-Certain situations may require

the communications capabilities of the diver's mask

MK 1 Mod 0, and the self-contained ability of SCUBA

equipment. Circumstances might include unavail-

ability of an adequate LP air supply , or HP flasks with

appropriate reducing manifolds.
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Figure 6-30

D

RES

Integrated diver's vest with come-home bottle .

The MK 1 Mod 0 system should be used with SCUBA

onlywhen there is a need for communications and a

surface air supply is unavailable . Diving procedures

below are mandatory when utilizing the MK 1 Mod 0

system .

1. Depth limit 60 fsw.
·

2. Communications and strength member must be

used.

3. The diver must surface when bottle pressure is

reduced to 500 psi .

Equipment to utilize the MK 1 Mod 0 system with

SCUBA includes the following:

1. Diver's mask Mk 1 Mod 0.

(Note: Diver's mask MK 1 Mod T or S should not

be used . )

2. Approved twin 72/90 SCUBA tanks .

3. Approved first stage regulator .

4. Approved LP whip , first stage regulator to

second stage regulator.

5. Approved communications whip and strength

member of sufficient length for depth of task.

(Depth limit for utilizing SCUBA is 60 fsw . )

6. Approved submersible pressure gage and HP

whip .

7. Depth gage.

Assembly of the equipment is straightforward except

that the LP whip , first stage to second stage , must be

inserted in the emergency bottle fitting in the side.

block of the MK 1 Mod 0 system .

It has been found that air consumption of divers using

the MK 1 Mod 0 varies between 0.75 and 1.5 acfm

when used in a demand mode , with occasional

faceplate and mask clearing . When used in a

free-flow mode , greater than 8 acfm is consumed.

Dive duration for any given air consumption using the

MK 1 Mod 0 system with SCUBA can be calculated

from tables in Chapter Five , Section 5.2 of this

manual . It is emphasized that durations greater than

30 minutes at 60 feet are unlikely, and in general

much shorter dives at this depth are to be expected .

in-

FLOW REQUIREMENTS 6.2.2.1 When the MK 1

Mod 0 system is used , the air supply system must

meet the diver's instantaneous peak flow require-

ments . Furthermore , the air requirement for

respiration is based around the maximum

stantaneous (peak) flow rate under severe work

conditions . The maximum instantaneous flow is not a

continuous demand , but rather the highest rate of

airflow attained during the inhalation part of the

breathing cycle . Approximately half of the breathing.

cycle is utilized in exhalation . The supply source will

provide air at a continuous rate ; however, a diver's

requirement will vary with respiration reaching peak

flow only instantaneously during each cycle .

Consequently, the rate at which compressed air is

consumed in the system is significantly less than the

peak inhalation flow rate . Even though air will not be

consumed at a rate that is anywhere near that of peak

instantaneous flow, the supply system must be

capable of providing that maximum instantaneous

flow when required , and for as long as it is required .

The air supply must therefore meet three criteria to

satisfactorily support the MK 1 Mod 0 system : ( 1 ) It

must replenish the air consumed from the system

(average flow rate) ; (2) it must replenish the air at a
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rate sufficient to maintain the required pressure ; and

(3) the system of volume tank, pressure regulators ,

piping , filters , etc. , must provide the peak flow rate

required by the diver instantaneously whenever he

needs it.

PRESSURE REQUIREMENTS 6.2.2.2 When using

the lightweight diving outfit with the MK 1 Mod 0

mask , there are two options available depending on

current air supply pressure capability and date that

system is placed into service . These options are

based on extensive studies at Battelle Memorial

Institute , COMSUBDEVGRU One and Navy Experi-

mental Diving Unit in addition to extensive military and

commercial experience . Because the MK 1 Mod 0

mask is a demand type system , the regulator has an

optimum minimum over- bottom pressure which

ensures the lowest possible breathing resistance and

reduces the possibility of overbreathing the mask

(demanding more air than is available) .

Option A- For current air supply systems , the

manifold supply pressure requirement is 50 + depth

up to 150 fsw . From 150 fsw to 190 fsw , the manifold

supply pressure is 135 psig over bottom pressure .

CAUTION

Experience to date has revealed no sig-

nificant difficulty with overbreath; however,

tests indicate that under high workloads ,

overbreathing is a distinct possibility . Close

supervisory monitoring of the diver's work

is mandatory to ensure that heavy work-

loads are avoided . Thisoption is in ef-

fect until 1 January 1983 , at which time.

Option B will be mandatory.

Option B-The manifold supply pressure require-

ment is 135 psig over bottom pressure . This will

ensure that the air supply will deliver air at a sufficient

pressure to overcome bottom seawater pressure and

the pressure drop which occurs as the air flows

through the hoses and valves of the mask . This option

is mandatory for all new diving systems placed into

service after 1 July 1978 , and all systems after 1

January 1983.

Example for Option A

Problem- Determine the air supply manifold pres-

sure required to dive the MK 1 Mod 0 system to 125

feet .

Manifold pressure = 50+ depth .

Manifold pressure = 50+ 125 = 175 psig .

Manifold pressure for 125-foot dive must be 175 psig .

Example for Option B

Problem-Determine the air supply mainfold pres-

sure required to dive the MK 1 Mod 0 system to 175

feet .

Solution-Bottom pressure at 175 feet 77.87 psig

(round off to 78 psig ) . Required over-bottom pressure

for MK 1 Mod 0 system 135 psig . Manifold pressure

= 78 psig + 135 psig = 213 psig . Manifold pressure

for 175-foot dive must be 213 psig .

SAMPLE CALCULATION 6.2.2.3

Problem-One diver is to make a dive to 50 fsw

using the MK 1 Mod 0 system . A bank of six

200-cubic-foot cylinders is to be used as the air

supply. The working or rated , pressure of each

cylinder is 1800 psig . The cylinder bank pressure is

1700 psig . What is the maximum amount of time that

the diver may spend on the bottom?

Solution-As discussed in Section 6.6.2.2 , this

problem may be solved in four steps . ( Note: These

calculations are always based on an assumption of

1.4 acfm diver air consumption . Temperature

correction factor and CO2 partial pressure in the air

supply, unless excessive , are insignificant . A

discussion of the effects of temperature on the air

supply at depth is presented in Section 6.6.2.2 for

reference . )

Step 1. Calculate the available capacity of the air

supply and the pressure available from the air supply

for the diver at depth . The step involves three

substeps :
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Total air

Capacity of

A. Determine the total air capacity of the cylinder

bank :

Number of

Cylinders
Rated Capacity

Step 2. Calculate the amount of air available at the

diving depth :

Air Capacity Pressure Available

to Diver at Depth
Available Air

Available at

Cylinder Bank

in the X

x of Each Cylinder
=

Bank

(Minus 1

(scf)

the Cylinder

Bank

(scf)

Pressure

(scf)

(psi )

Cylinder Bank

Pressure (psig )

+ 14.7

= at Diving Depth

(scf)

for Reserve)

1443 psi
945 X = 795 scf

1700 (psig ) + 14.7L
O

5 X 200 scf 1000 scf

B. Determine the air capacity available at the bank

pressure . (Absolute values of psi are used in this and

subsequent steps . )

Cylinder Bank

Pressure (psig)

Cylinder Working

Step 3. Calculate the amount of air consumed by the

diver per minute over the time of the dive:

Diver's Estimated

Average Air

Consumption Over

Time of Dive

(acfm )

Average Air

Consumption

= Per Minute Over

Time of Dive

(scfm )

Total Air Air Capacity
+ 14.7

Depth + 33

33

X

Capacity
X =

of Cylinder

Pressure (psig ) Bank (scf)

Available at

Cylinder Bank

Pressure (scf)

50 + 33

1700 psig + 14.7 X 1.4 acfm = 3.7 scfm
X 1000 scf = 945 scf

33

(See Table 6-5)

1800 psig + 14.7

C. Determine the pressure available to the diver at

depth :

1. Determine the absolute psi equivalent to the

diving depth :

Step 4. Calculate the duration of the dive (maximum

bottom time) :

Depth + 33

33

X 14.7 psi

Absolute psi at

Depth of Dive

Available Air

at Diving

Depth

(scf)
50 + 33

33

X 14.7 = 37 psi

2. The psi available to the diver at depth may

then be determined :

Number of

Divers

(Including X

Standby)

Average Air

Consumption

Per Minute

Over Time

of Dive

(scfm )

Cylinder Absolute psi

Bank +14 7

Pressure

(psig)

at Depth of +

Dive

220 psig

Minimum + 14.7

Bank

Pressure

Requirement

Pressure Avail-

= able to Diver at

Depth

795 scf

2 x 3.7 scfm

Maximum Bottom

=

Time in Minutes

= 107 minutes

(1700 psig + 14.7 ) − (37 psi + 220 psig + 14.7) = 1443 psi

The maximum bottom time is therefore 107 minutes .

Note: For a dive to 50 fsw for 107 minutes ,

decompression is required . The cylinder held in
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reserve is for decompression . The quantity of air

needed to support the diver must therefore be

calculated to determine if the one cylinder is

sufficient . Based on the 50/110 schedule of the U.S.

Navy Standard Air Table (Chapter Seven ) , and an

average ventilation flow rate of 1.4 acfm (from Table

6-5) , the quantity of air required for decompression is:

Stop Depth + 33

33

x Ventilation x Stop Time
=

Quantity

of Air

Needed at

the connectors together, squeezing them may be

required to dispel the entrapped air.

E. If possible , monitor the facility regulator output

pressure to prevent possible overbreathing of the

regulator by a diver who is working hard .

F. Variable volume dry suits must have vent holes in

hood to prevent excessive upward pressure on the

diver's head .

Stop

10 fsw + 33
x 1.4 acfm x 3 minutes = 5.5 scf at 10'

33

Since each cylinder has a capacity of 189 scf @

1700 psig , one cylinder is sufficient as a reserve .

Pre-dive Safety Procedures 6.2.3 During pre-dive

preparation , both the diver and the diving supervisor

are responsible for personally checking the diving.

equipment to ensure that equipment is maintained and

operated in accordance with the applicable parts of

the pre-dive checklist in Appendix K. Careful attention

to the following warnings and caution that apply to the

MK 1 Mod 0 diving equipment will eliminate or reduce

the likelihood of emergencies resulting from

equipment malfunction or failure.

A. Ensure that the mask hood material does not

interfere with the functioning of the main frame

exhaust valve .

B. The mask nose pad must be securely attached to

the stud to make sure it does not become detached

and block the exhaust valve .

C. Supply pressure to the mask of 200 psi over the

ambient pressure at the mask must not be exceeded .

D. When mating communication umbilical con-

nectors , ensure that the connector is properly sealed .

Force the male and female components fully together

until a slight pop or escape of air is detected so that

the male connector O- ring can seat properly in the

female connector mating gland . In addition to forcing

G.
Do not use the diver's safety harness without a

suitable jocking strap attached .

H. Install half-hitches in the backpack harness

straps adjacent to the backpack frame to prevent the

straps from inadvertently slipping out of the backpack .

I. When diving in a hot water suit , ensure that the

harness straps do not restrict circulation of hot water .

J. Harness or weight belt buckles other than the

wire D-ring type may be easily tripped .

K
.

To ensure a positive air supply to the diver when

he is to perform work on a mud tank or in a confined

space, the following equipment and configuration

must be provided : Standard bail-out bottle (single

71.2 cu ft tank) K-valve and standard first stage

regulator (Conshelf XII ) attached to an extended

Emergency Gas Supply (EGS) whip (10 to 50 ft)

(standard SCUBA HP hose type or similar with

standard SCUBA fittings) attached to side block . This

equipment is to be made up in a positive single-point

harness .

Procedures for the use of this equipment are as

follows : The diver will transit from surface to work

space entry with EGS tank positively fixed to

appropriate harness/belt . Upon arrival at worksite ,

diver will positively fix emergency gas supply

assembly at entrance and enter work space with

extended EGS whip trailing .
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Dressing Procedures 6.2.4 The pre-dive proce-

dures outlined in Sections 6.8.1 and 6.8.2 should be

referred to before dressing the diver . The proper

dressing procedure to be followed for each type of

diving dress is as follows . (Note: The integrated

diver's vest (IDV) must be worn with the MK 1 Mod 0

system if the dive is to exceed 60 feet. The IDV may

beworn with the wet suit , dry suit , or hot water suit.

The IDV is shown in Figure 6-31 (III ) with the hot

water suit.

A. Wet Suit-Diver and tender follow procedures

presented in Figure 6-31 ( 1).

B. Variable Volume Dry Suit-Diver and tender

follow procedures presented in Figure 6-31 ( II ) .

B Atender helps the diver adjust and position the mask

with the air supply open .

C. Hot Water Suit- Follow suit manufacturer's

instructions and Figure 6-31 (III ) (note use of

integrated diver's vest) .

A Fullydressed in a standard wet suit (with weight belt ,

accessories and the lifeline tied to his waist) the diver is

assisted with the Mark I Mask.

C The mask spider is placed over the diver's head.

D The diver holds the mask in position while the tender

secures the spider.

Figure 6-31 ( 1) Dressing procedures wet suit and
-

E
diver's mask, USN MK 1 Mod 0.

Final adjustments are made , and the mask is secured .
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A With thediver seated , the Unisuit is loosely positioned

over his head and body.

B

MAYDIVING

The diver pushes his arms through the sleeves.

C He next pullsthe hood over his head.

D

the flap.

The diver pushes his legs into the suit and tucks in

E The tenderassists with the zipper which starts at the

back, comes under the crotch and up the front.

Figure 6-31 (II) Dressing procedures - variable volume

dry suit and diver's mask , USN MK 1 Mod 0.
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F
The diver puts on his weight belt and "come-home"

bottle. Both bottle harness and weight belt are secured for

quick release.

G Thetender connects the mask and " come-home" bottle.

The diver holds the mask in position during adjustment .

J Face seal is checked and mask position adjusted .

H
With the mask air supply on , the tender aids the diver to

pull the mask over his head.
K The tender cinches up the spider.
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L The communications line is secured to the mask.

M A lifeline is secured around the diver's waist.

N The air supply to the suit is attached.

OVER
S

O Back view of diver prepared for pre-dive checkout.
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MEG

A Diver is dressed in hot water suit

C Tender assists diver in adjusting straps for properfit.

B
Tender assists diver in donning integrated diver's vest .

Figure 6-31 (III) Dressing procedures- hot water suit IDV ,

and diver's mask , USN MK 1 Mod 0.
D Jocking strap is adjusted.

A
M
G

A
N
S
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E Side view of diver fitted in IDV.

G With air supply on , tender assists diver in donning mask

(air supply hook-up not depicted ) .

H Face seal is checked and mask position adjusted .

F Back view of diver fitted in IDV. I Tender cinches up the spider.
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J Diver dressed in hot water suit , IDV , and mask .

Emergency Procedures 6.2.5 Refer to Chapter

Eight and Section 6.8.7.2 of this manual for medical

and equipment emergency procedures . As in any

diving emergency, notify topside of the situation as

soon as possible . The following paragraphs cover

emergencies that could occur with MK 1 Mod 0

equipment.

EXCESSIVE BREATHING RESISTANCE 6.2.5.1

NOTE

Breathing resistance encountered by the

diver may vary from slight to a condition

which would be considered a total loss

of breathing gas . The diver , through

training and experience , must determine ,

after dial-a-breath adjustments have been

made , when to initiate the following

procedure .

Diver

1 .

2.

Open the steady flow valve as required .

Switch to emergency come-home bottle if

opening the steady flow valve to its maximum does

not provide acceptable breathing resistance .

3. Abort the dive by returning to open bell or surface

as directed by the diving supervisor.

Diving Supervisor: Order dive aborted . If an open

diving bell is being used , the divers will return to the

bell and use the bell emergency air system . If an open

diving bell is not being used , follow either Step 1 or

Step 2 below.

1. Decompress the diver ( if required ) in accordance

with Chapter Seven of this manual if the level of

breathing resistance will permit .

2. If the diver is unable to obtain sufficient breathing

air through maximum effort , bring the diver to the

surface immediately and treat for decompression as

required .

FLOODED MASK 6.2.5.2

WARNING

Do not ditch the mask in the event of

flooding .

1. Position head upright.

2. Clear the mask by depressing the purge button or

by opening the steady-flow valve or both .

3. Abort the dive by returning to the surface or open

bell as directed by the diving supervisor.

4. Keep the mask clear of water by establishing a

continuous flow through the steady-flow valve .

DITCHING OF MASK 6.2.5.3

WARNING

Ditch the mask only as a desperation

measure . Ditch the mask only as part of

an emergency buoyant ascent or retreat

to an open bell from an emergency such

as being trapped with a fouled umbilical

and no communication or emergency

supply.
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Diver
LOSS OF AIR WITHOUT OPEN DIVING BELL

6.2.5.4

1 . Unsnap the umbilical snaphook from the harness

D- ring .

Diver

2. If diving in a hot water suit , disconnect the hot

water hose .

1 . Switch to emergency come-home bottle .

2 .

3 . Trip the come-home bottle harness buckle .

3.
4 . Grasp the main frame near the chin and push out

and up. The spider will flex enough to allow it to be

removed over the head .

5. Ditch the entire mask/come-home bottle as-

sembly.

6.

NOTE

When diving with an open bell , follow

Steps 6 through 8. If an open bell is not

being used, follow Steps 9 and 10.

Swim to the bell and don the BIBS mask or bell

atmosphere .

7.

8 .

9.

10 .

Establish communication with topside.

Return to the surface as directed .

Ditch the weight belt.

Make free ascent to the surface , using standard

techniques to avoid embolism .

Diving Supervisor

1 . Put a standby diver in the water to assist the diver

as required.

2 .

3.

NOTE

When diving with an open bell , follow

Steps 2 and 3. If an open bell is not

being used, follow Steps 4 and 5.

Establish communication with diver in the bell .

Bring the bell to the surface and decompress the

diver , if required , in accordance with standard

practice .

4 .

5.

Recover the diver from the water.

Treat the diver for omitted decompression , if

required .

Report "Lost air pressure ; switching to

emergency mode . "

Ascend to the surface as directed .

Diving Supervisor

1. Order the dive aborted .

2. Bring the diver to the surface , using the

appropriate decompression table , as required.

3. Put a standby diver in the water with an extra

SCUBA tank and regulator if decompression requires .

Equipment Maintenance 6.2.6 The MK 1 Mod 0

system must be maintained in good repair , free of

nicks, cracks , and tears . All terminals and threads

must be clean , free of dirt , and undamaged . The

faceplate lens must be clean , free of scratches ,

nicks , or cracks , and be well sealed . Care must be

taken in handling and storage . The mask should be

kept away from sunlight , heat , and oil when not in

use . After use , it should be thoroughly cleaned with

fresh water and dried before it is hung up for storage .

Refer to Figure 6-27 for replacement parts and an

exploded view of the mask . Table 6-2 lists the tools

required to maintain the MK 1 Mod 0 system .

After each use of the MK 1 Mod 0 equipment , follow

the procedures below to maintain the K-valve on the

emergency tank and the demand regulator.

Air Hose

All air hose , upon reaching three years from date of

manufacture , and yearly thereafter , will be subjected

to :

1. A visual inspection of hose, checking for cuts.

tears , worn spots , and general degradation .

2. A hydrostatic pressure test . The test pressure

shall be two times the rated working pressure . All

3/8-inch MK 1 Mod 0 hose will be discarded upon

reaching five years from date of manufacture , and

replaced with 1 /2-inch ID MIL- H -2815 smooth cover

deep-sea hose . For maintenance , see Section

6.5.1.3 , B , C , and D.
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TABLE 6-2 TOOLS REQUIRED TO MAINTAIN

THE MK 1 MOD 0 SYSTEM

1 /4- inch combination wrench

3/8-inch combination wrench

7/16-inch combination wrench

1 /2-inch combination wrench

9/16-inch combination wrench

5/8-inch combination wrench

11/16-inch combination wrench

7/8-inch combination wrench

3/4-inch combination wrench

1-1 /2-inch screwdriver

10-inch screwdiver ( 1 /4-inch blade)

1 /8-inch Allen wrench

1-1 /4-inch socket with 1 /2 -inch drive

3-inch socket extension with 1 /2- inch drive

1 /2-inch drive ratchet

1/16-inch needle punch

Needle-nose pliers

0 to 300 psig gage

0 to 3000 psig gage

Special tool (slotted screwdriver for removal

of seat disc retainer)

Tool box

For 1 /2-inch MIL- H-2815 air hose , see Section

6.5.1.3 for testing and maintenance .

Regulator

1. After use , blow any water from the inside of the

dust cover by using a short burst of air from the supply

valve . Replace the dust cap immediately and rinse the

entire assembly with warm, fresh water , directing the

water over the exterior of the first stage for several

minutes.

2. Periodically, inspect the hose , exhaust tee , and

the mouthpiece for nicks , cuts , or imbedded sand or

dirt . Check all hose fittings for tightness .

Emergency Tank-Maintain the K-valve on the

emergency tank as follows:

1. Check all O- rings , gaskets , and rubber parts for

nicks , cracks , wear , and deterioration . Replace as

necessary .

2 .
Check the blowout plug . Make sure the

color-coded disc has not fallen out .

3. Check the seat surface on the on-off inlet. Note

any nicks , wear , lodged foreign particles , or deep

imbeddings on the seat surface . Replace if

necessary.

MUD TANKS AND CONFINED SPACES USING

MK 1 MOD 0 EQUIPMENT 6.2.7 The guidance

provided herein will establish the approved diving

procedures for subject work at depths to 40 FSW not

fully described elsewhere in this volume.

In order to insure positive air supply to the diver using

lightweight diving equipment to perform subject work ,

the following equipment and configuration must be

provided :

USN Divers Mask MK 1 Mod 0 : Standard bail out

bottle (single 72 cu . ft . tank) K valve and standard first

stage regulator attached to an extended EGS whip (10

to 50 ft . ) (standard scuba HP hose type or similar with

standard SCUBA fittings) attached to side block .

This equipment is to be made up in a positive single

point harness .

The diver will transit from surface to work space entry

with EGS tank positively fixed to appropriate

harness/belt . Upon arrival at work site diver will

positively fix EGS assembly at entrance and enter

work space with extended EGS whip trailing .

LIGHTWEIGHT (JACK BROWNE) MASK 6.3

System Description 6.3.1 The second lightweight

diving system uses the Jack Browne free-flow mask.

This system consists of the mask, diving dress, and

support equipment ( Figure 6-32 ) . It does not include a

voice communication system and has no provision for

an emergency air supply . Diving with the Jack Browne

mask is limited by the U.S. Navy to a maximum depth

of 90 feet . The normal working limit is 60 feet .
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Figure 6-32 Lightweight diving gear shown with Jack

Browne mask and wet suit.

MASK ASSEMBLY 6.3.1.1 The mask is built

around a copper frame with a molded rubber seal and

is fitted with a large triangular faceplate which gives a

wide field of vision . The rubber seal is designed to

form a watertight seal around the diver's face . The

mask is held in place with an adjustable head

harness.

The mask may be issued in two styles. Both styles

have exhaust valve on the left . The older style has an

inhalation valve mounted on the right side . The

inhalation valve was equipped with a two-position

handle to permit the use of a breathing bag . The use

of such bags is no longer allowed . Therefore , the

inhalation valve handle should be placed in the rear

position (air hose supply) and safety-wired in place.

The fitting for the breathing bag should be capped.

The newer style mask uses an elbow on the right side

for direct attachment of the air control valve . See

Figure 6-33 for the air supply configuration of both

styles.

The exhaust valve contains a rubber disc which is held

in the closed position by water pressure except when

the diver exhales or when additional pressure

inside the mask forces the valve open . The exhaust

valve can be adjusted , by means of an attached stem ,

to help eliminate mask " bounce" or " chatter."

Twoothervalves complete the mask group. These are

the air control valve and the nonreturn valve . The air

control valve screws directly into the inhalation valve

(or elbow) on the mask and is used to manually

control the flow of air entering the mask (see Figure

6-34) . The nonreturn valve performs the same

function in the lightweight mask as it does in the

deep-sea diving rig : to prevent air from escaping back

up the air hose in the event of a drop in air pressure

and thereby collapsing the lungs of the diver. The

nonreturn valve is installed at the inlet of the air

control valve . The match of male and female threads

prevents it from being installed in the reserve position.

As an additional safety factor , the valve is stamped

with an arrow to indicate the direction of airflow

(toward the diver) .

Figure 6-33 Standard lightweight masks , with control

valve attached through an inhalation valve

(upper); and control valve attached directly

through an elbow (lower).
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13.

12

14 16

15 17

18

19

U.S. NAVY FREE FLOW MASK #59069

Free Flow Mask #59069-C

Key Amount Description Part No.

1
Body 53029

10 11

20 Non-return Valve

59091

2 1 Non-return disc 52030

3 1 Spring 57029

4 1 Adapter 53079

22

21

23 2
5

8-

7

25

24

26
27

28

29

30

Control Valve

59003

1
5
6

1 1/4" Globe Valve 51059-A

Handle 51059

7 1 Gland 53085-A

8 1 Adapter Nut 53073-A

9 1 Inhale Body 51062

10 1 Gasket 54055

11 2 1/2 " x 10-32 Screw 54099

8
-
8

Inhale Valve
12 1 Flapper Plate 52029

#59004
13 1 Flapper 56028

6

14 2 10-32 Nut 59058
A

15 2 Rivet 53028

૨ .

16 4 Short Buckles 59046

17 1 Mask 59065

18 1 Channel Seal 56061

19 1 Lucite Window 57025

20 1 Lock Nut 53025

21 1 Extension Buckle 59035

22 5 Harness Clips 53077

10

11

1
2
1 Parts for Elbow

23 1 Harness w/clips 59041

24 1 Lead Washer 57034

Key Amount Description Part No.
25 1 Hex Nut 54016

9 1 Commercial Adapter 60003

10 1 Commercial Inhale

Elbow 60001 -A
9

11 1 Gasket

12 2 1/2 "x10-32 Screws

54055

54009

Exhaust Valve

#59028

2
2
2
0

26 Exhaust Body 51025

27 1 Flapper set screw 53037

28 1 Rubber Flap Disc 56026

29 1 Cover, Exhale Valve

29

30 4

Cover, Exhale valve 52028

3/8"x6-32 Screw 54025

Figure 6-34 Lightweight (Jack Browne ) diving mask ,

exploded view.

DIVING DRESS 6.3.1.2 Diving dress to be worn

with the Jack Browne equipment consists of either

wet suit or swimming suit.

SUPPORT EQUIPMENT 6.3.1.3 Support equip-

ment for the Jack Browne mask includes the air hose ,

life-line , and pneumofathometer . With the exception

of a communication cable , the Jack Browne umbilical

is made up as described in Section 6.2.1.3.

The air hose used with the Jack Browne mask is a

5/16-inch ID oxygen hose manufactured per

ZZ-H-461 and is supplied in lengths of 50 feet , with a

ferrel coupling at each end . Two standard length

hoses may be coupled together with a double male

fitting should a longer umbilical be required . The hose

is designed to withstand a working pressure of 150 psi

and a proof pressure of 700 psi held for two minutes .

After two years , the hose shall be hydrostatically

tested at 250 psi and held for one minute , with

retesting every six months thereafter , and retired from

service after five years . Hose in service shall be

visually inspected on receipt , and every six months

thereafter.

The life-line serves three purposes : it removes strain

from the air hose , permits tending the diver and

assisting him in descent and ascent , and provides a
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means of communications . The life- line is made up by

the diving unit using 1-1 /4-inch fiber line or line of

equal strength (300 pounds working load minimum ) .

The life- line is the only means of communication

available to the diver equipped with the lightweight.

Jack Browne outfit . Divers must therefore be

thoroughly familiar with the standard Navy line-

pull signals (see Section 6.7.2).

Air Supply 6.3.2 The diver's air supply must meet

the purity standards discussed in Chapter Six , Section

6.6.2 , and must provide an adequate flow at the

proper pressure for the diving conditions . The supply

source may be one of the systems described in

Section 6.6.3.

FLOW REQUIREMENTS 6.3.2.1 The air sup-

ply system must be capable of maintaining a 6 acfm

flow (170 liters ) to ensure that the carbon dioxide level

in the helmet will remain at a safe level during both

normal and extremely hard work levels or

emergencies (see Section 6.6.1 , Requirements for

Air Supply) .

PRESSURE REQUIREMENTS 6.3.2.2 When using

the Jack Browne mask , an over-bottom pressure of 50

psi must be maintained.

Example

Problem-Determine the air supply manifold pres-

sure required at 60 feet using the Jack Browne mask.

Solution-Bottom pressure at 60 feet = 26.7 psig

(round off to 27 psig) .

Required overbottom pressure for Jack Browne mask

= 50 psig .

Manifold pressure 27 psig + 50 psig = 77 psig .

Manifold pressure for a 60-foot dive must be 77 psig.

Emergency Procedures 6.3.3 Detailed diving

emergency procedures are described in Chapter

Eight . General emergency procedures for surface-

supplied air diving are presented in Section 6.8.7.2.

LOSS OF AIR 6.3.3.1 In the event the air supply is

lost to the Jack Browne mask, the diver should head

immediately for the surface . If the lines are fouled , as

a last resort , he should take off the mask and ditch the

weight belt .

MUD TANKS AND CONFINED SPACES WITH

JACK BROWNE EQUIPMENT 6.3.3.2 The

guidance provided herein will establish the approved

diving procedures for subject work at depths to 40

FSW not fully described elsewhere in this volume.

In order to insure positive air supply to the diver using

lightweight diving equipment to perform subject work ,

the following equipment and configuration must be

provided :

A. Jack Browne: A single emergency gas supply

(EGS) tank (72 cu . ft . or similar type ) with J or K valve

and approved single hose scuba regulator made

up in a positive single point harness for the tank with a

snap hook (FSN5340-00-275-4583 or type similar) for

attachment to a Bear-Paw magnet or similar fixed

point . It is recommended that a passive restraint

(E.G. Velcro tab or rubber clip) be used to hold

second stage regulator next to tank to preclude

damage/fouling of the regulator , while assuring a

quick release for operation .

Jack Browne: The diver will transmit from surface to

work space entry with EGS tank positively fixed to

appropriate harness/belt . Upon arrival at the work.

site the diver will positively fix EGS assembly at

intended work site as local conditions indicate .

Equipment Maintenance 6.3.4 Although the mask

is reasonably rugged , care should be taken in

handling and storing . The mask should be kept away

from sunlight , heat , and oil when not in use . It should

be thoroughly washed with fresh water and dried

before storage . Refer to Figure 6-34 for replacement

parts and assembly diagram .

Fittings which come with the lightweight hose

MIL-SPEC ZZ-H-471 have a 1 -inch shank . In order to

triple clamp the fittings to the hose, the shank must be

extended as shown in Figure 6-35 . These fittings can

be manufactured in accordance with MS- 15011 with

the exceptions noted in Figure 6-35.
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5/16" STRAIGHT HOSE CONNECTION GLAND

.196

FINISH ALL OVER EXCEPT

WHERE OTHERWISE NOTED

BREAK CORNERS
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32

.175

R.
1/8" +.000

.430 -.005

MAX.
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0
0
2

1

1
Figure 6-35

R.
(MIN .) .047

R.

1/16 1/4" 1/4" 1/4" 1/4" 1/4" 1/4" 1/4" 1/4"41/4" 1 /

5/16" 5/32"

DIM . "A" (MAX . )

DIM . "B" (MIN .)

DIM . "C" (MAX.)

DIM . "D" (MIN .)

2"

—

—

.210

.300

-

-

.360

2.468

5/16" straight hose connection gland .

MK 12 SURFACE SUPPORTED DIVING SYS-

TEM AIR MODE 6.4—

System Description 6.4.1 As a result of many

years of study, development , and testing , the Navy

has introduced the MK 12 Surface-Supported Diving

System (SSDS) as the standard Navy diving system

(Figure 6-36) . The advanced MK 12 SSDS will

ultimately replace the MK 5 system , which has

remained basically unchanged for many decades (see

Section 6.1 ) , to provide Navy diving forces with

diversified capabilities using the same helmet. The

MK 12 SSDS is intended primarily for operations to

190 fsw . Its design features diver mobility and

comfort , reduced possibility of diver blowup , wide

field of view, reduced noise level , reduced system

weight , and a high degree of safety. The MK 12 SSDS

also provides the diver with a high degree of physical

and thermal protection and constant two-way

communication with the surface and with other

divers.

Figure 6-36 Mark 12 Surface-Supported Diving System

(SSDS) .

Components of the complete MK 12 SSDS are the

helmet assembly, consisting of the shell and base,

together with their attaching parts ; the dress

assembly, comprising a dry suit , outer garment ,

jocking harness , weights , lightweight boots , and

gloves; and the support equipment , which includes

the umbilical , welding shields , flowmeter , test set and

tools , spare parts , and repair kit ; and the recirculator

assembly for mixed gas operations .

THE HELMET ASSEMBLY 6.4.1.1 The MK 12

helmet is constructed of a shell of fiberglass cloth

and polyester resin to provide an impact- resistant

structure (see Figure 6-34) . A high-visibility yellow

gel coat provides good underwater definition . A cast

lead weight is fitted into the helmet crown and is

laminated with fiberglass and resin , giving the

helmet nearly neutral buoyancy. The shell is fitted

into a brass base finished in flat black chrome . The

mating surfaces are coated with a silicone rubber
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adhesive sealant and secured with machine screws

and threaded inserts , except at the front , where

screws and nuts are used . Attached to both sides of

the base are two double- ring locking device lugs with

locking pins .

Visibility comparable to that of SCUBA is provided by

viewport assemblies, one in front , one at the top , and

one on each side . The ports are made of strong ,

shatterproof polycarbonate plastic (Lexan) , flush-

mounted into recesses in the helmet shell . An O-ring

groove in each viewport recess receives shaped-to-fit

preformed packing . A brass retainer over each

viewport is secured with socket-head capscrews that

mate with female threaded inserts in the helmet shell .

The retainer screwthreads are coated with silicone

rubber adhesive sealant to prevent them from working

loose .

There are two breech rings in the helmet assembly .

The upper, or helmet breech ring , is fabricated of

brass with a black chrome finish and is secured to the

base with machine screws . An O- ring forms the seal .

The helmet breech ring fits into the lower breech ring ,

again with a barrel O-ring seal . The lower breech ring

assembly consists of the breech ring, the dry suit

neckpiece (or neck dam for lightweight swimming and

diving) , the retainer ring , two single- ring locking

device lugs , and three jocking harness brackets . The

lower breech ring is aluminum with a flat black finish

provided by the fusion of fluoropolymer (similar to

Teflon) with the metal.

The helmet assembly is secured to the lower breech

ring by two locking devices . Each locking device

consists of a double-ringed helmet lug on the base

that mates with a single-ringed lug on the lower

breech ring (see Figure 6-38) . A plunger-operated ,

quick-release ball detent pin locks the two lugs.

together securing the helmet , and , if required ,

permits the diver to don and doff the helmet

unassisted .

The air supply assembly conducts air through the

helmet from the umbilical hose and whip through a

filter screen and nonreturn valve within the air supply

adapter, through stainless steel tubing to the air

supply valve, and out into the helmet by means of the Figure 6-37

+

Mark 12 helmet.
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air supply diffuser . The machined brass air adapter,

finished with black chrome , is secured to the helmet

base with three sockethead capscrews and sealed

to the base with a barrel O-ring set into the adapter

body. The 100-mesh stainless steel filter screen is

located upstream of and provides protection to a

cartridge-type nonreturn valve . The valve body O- ring

seals the adapter bore . Double male fittings connect

3/8-inch stainless steel high-pressure tubing to the air

adapter and the air supply valve assembly, which

includes the diffuser adapter with a 90-degree elbow.

Figure 6-38 Mark 12 helmet locking device.

The supply valve is a modified Whitey 1 -VF-4,

1 /4-inch V-stem valve with inlet and outlet ports

bored to 0.312 inch and the orifice bored to 0.272

inch to provide the required 6-acfm airflow at 300 fsw

with 50- psi (overbottom ) supply pressure at the

helmet . The 90-degree elbow has a threaded boss to

accept the air supply relief valve , which opens at a

nominal 20 psi to protect the air supply diffuser if the

filter should clog or freeze up . The supply diffuser

consists of 12 filter elements ( felt rings) mounted on a

perforated stainless steel baffle tube inside a hollow

porous plastic cylinder . The supply diffuser , besides

directing air into the breathing area, suppresses air

noise . The supply valve varies airflow linearly through

its full range (approximately three turns) . The valve

handle is secured to the valve stem by self-locking

setscrews in two of the handle vanes . An extended

third vane indicates handle position .

Helmet air is dumped to ambient through the exhaust

valve . The exhaust valve body is mounted to the

helmet through an extension of the helmet base (the

penetration is sealed with an O- ring) . The simple,

rugged exhaust valve is easily disassembled and

reassembled without special tools for inspection or

maintenance . The exhaust valve can be assembled in

two distinct configurations , adjustable or ambient

(fixed) .

In the adjustable configuration , it is a spring-loaded

poppet valve adjustable to maintain helmet pressure

within the range of 0.3 ± 0.05 psi to 2.0 ± 0.3 psi

above ambient pressure with 6 acfm ambient flow at

depth . The stem-mounted poppet disc , spring-loaded

in the closed position , is sealed against the valve body

seat by a soft O- ring in the face of the poppet disc.

Turning the valve handle increases or decreases

spring tension to increase or decrease internal helmet

differential pressure (AP) settings . The diver can

press the chin button or with his mouth , pull it shut to

manually override the exhaust valve settings . A

rubber diaphragm over the downstream valve ports

acts as a one-way valve to prevent helmet flooding if

the helmet pressure should drop when the exhaust

valve is open . Flow through the exhaust valve has

been kept in as straight a line as possible to minimize

turbulence and reduce noise . Quiet , vibration-free

system operation is also maintained by a sinter metal

diffuser that reduces exhaust bubble size.

In the ambient configuration (usage is required when

diving with a neck dam) , the exhaust valve is modified

to provide a fixed AP of 0.125 psi at 6 acfm at depth .

At the left of the air supply adapter, two mixed gas

adapters are capped off with an O-ring and are

inoperative (see Figure 6-39) .

#7
9
1
a
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S
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Figure 6-39 Mark 12 helmet, mixed gas adapters .

The MK 12 uses the Helle Model 3315. The earphones

are H-87 B/U speakers which have been modified by

drilling two small holes in the case to permit pressure

equalization across the diaphragm . The earphones

are mounted in molded rubber cups cemented into

recesses on each side of the helmet shell . The

microphone is an M- 101 /A1C noise-canceling unit

mounted in an open-back rubber cup that is held by a

stainless steel spring to the air supply valve body.

Microphone wiring is terminated at the microphone

with a subminiature dual-pin plug . (The earphone and

microphone wires are soldered to an insert located

within the communication whip adapter assembly

mounted on the left side of the helmet counter and

penetrate the helmet. ) The earphone and microphone

plugs are secured by set screws .

The helmet is lined with 1 /2 - inch open- cell

polyurethane foam , which is fitted around ducting and

fittings and secured with Velcro hook-and- pile tape.

The tape is glued in place in the helmet and on the

back of the lining . The liner muffles helmet noise and

reduces condensation on the helmet interior.

DIVING DRESS 6.4.1.2 The MK 12 SSDS dress

assembly (see Figure 6-39) consists of a dry suit ,

outer garment , jocking harness, weights , lightweight

boots , and gloves . A wet/swim suit is not a MK 12

issue item but may be used with the system ,

conditions permitting ( Figure 6-41 ) . The dry suit is a

commercially available dry suit modified to accom-

modate the MK 12 lower breech ring . It is constructed

of 1 /4-inch closed- cell neoprene backed on both

sides with nylon fabric . The dry suit front and back

seams begin at the shoulders , form a V to the waist,

and form an inverted V from the waist down . The

seams curve around the legs reducing seam tension

and stretching and , consequently, minimize the

occurrence of seam leaks . The seams are butt fitted ,

glued with neoprene cement, and covered on the

inside with seal tape . Wrist cuffs provide an arm seal

and the legs terminate in stocking feet . The zipper, a

short , nearly straight line across the shoulders ,

permits the diver to be dressed and undressed without

contortion . Gloves, when used , fit over the wrist cuffs

and are held in place with wrist snappers .

The outer garment protects the dry suit against

snagging, tearing , and abrasions; restrains inflation to

prevent inadvertent blowup; and helps to keep the

jocking harness shoulder straps in place . It is made of

blue, medium-weight nylon fabric with yellow seam

strips on the outside of the arms and legs for good

underwater definition . Pockets with Velcro flaps are

located at each thigh and calf to hold weights to a

total of 40 pounds . If additional weight is required ,

5-pound weights can be inserted into hip pockets (two

on each side) providing 20 pounds of extra , optional

weight . Each leg of the outer garment has restrainer

straps at the thigh and calf that pass around the leg

and over the weight pocket flaps . They are secured

with Velcro fasteners . The restrainer straps prevent

overinflation of the lower parts of the dry suit to pro-

tect against inverted blowup and to help secure the

diver weights in place.

The jocking harness stabilizes the helmet assembly

and secures it to the diver, provides an attachment

point for the umbilical termination , and provides an

additional restraint against inadvertent overinflation of

the dry suit . Constructed of black nylon webbing and

corrosion-resistant fittings , the jocking harness is
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MK 12 HELMET

ASSEMBLY

ADJUSTABLE

EXHAUST

VALVE

AIR WHIP

COMMUNICATION

WHIP

OUTER GARMENT

REAR JOCKING

STRAPS

JOCKING

HARNESS

FRONT

JOCKING

STRAP

SUPPORT EQUIPMENT 6.4.1.3 MK 12 support

equipment comprises the 600-foot and 200-foot

umbilicals , a flowmeter , test set and tools , welding

shield and lenses , and a spare parts and repair kit .

The diver's umbilical is made up of the standard Navy

diving (H.P. ) hose , a communication/strength cable

and a pneumofathometer hose . The three members

are seized together with marlin stops every 3 feet

or taped (Polykem tape TM 827 , 2 inches wide) 18

inches apart with the first 50 feet wrapped in a

protective canvas "boot. " Three 200-foot umbilicals

and three 600-foot umbilicals are furnished with each

MK 12 outfit (three helmets , etc. ) .

BOOTSAFETY

STRAPS

Figure 6-40

THIGH RETAINER

HIP WEIGHT POCKET

CALF RETAINER

THIGH WEIGHT

POCKET

CALF WEIGHT

POCKET

UMBILICAL

DRY SUIT

(CUFF)

CROTCH

BOOTS

JOCKING

STRAP

Mark 12 Surface - Supported Diving System

(SSDS) air mode diver.

secured to the diver with a waist belt and latch ,

shoulder straps , and a crotch strap . It is locked with a

quick-release latch and locking pin . Three helmet

jocking straps , one in front and two in the rear , fasten

with spring-loaded snaps to the jocking harness

brackets on the lower breech ring assembly. The two

back straps fitting and the front crotch strap fitting are

both secured by the waist belt latch . Opening the

waist belt latch (after lifting the locking pin ) allows the

harness to fall open while it is still attached to the

lower breech ring .

The lightweight rubber boots have a protective steel

toe and sole , weighted heels , and corrugated rubber

soles . Two straps across the boot tops have loops and

quick- release self-locking buckles . A rear loop

receives a strap from the outer garment to prevent

boot loss .

3
3
3
3

Figure 6-41 MK 12 helmet with wet/swim suit.
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The umbilical is secured to a V- ring on the jocking

harness at the left side of the diver's waist with a

quick-release spinnaker-type shackle connected to

the communication/strength cable split ring as-

sembly. Communication and air supply whips from the

helmet connect to the umbilical at the left side of the

diver's waist.

The MK 12 welding shield snaps onto the helmet by

two spring clips that hook to the forward edge of the

side viewport retainers . Metal parts of the spring clips

are plastic coated . The welding shield is cushioned on

the back of the welding shield body by foam rubber

pads . The welding shield lens is clip-mounted in a

hinged section , which can be moved up or down . It is

held in place by a flat detent spring . The replaceable

lenses are of gold foil laminated with polycarbonate

and are supplied in No. 4 , No. 6 , and No. 8

commercial shades of light density.

To measure airflow to the diver , a Meriam Model

50MW20-2 laminar flowmeter is furnished . It is

installed at the upstream end of the diver's umbilical .

Theflowmeter has a Capsuhelic gage to indicate flow

in inches of water . The gage reading is converted to

acfm by interpolation of the table in the MK 12 SSDS

operation and maintenance manual . (Note: The

flowmeter is mounted and valved in such a way that it

may be isolated from the diver's air supply line for

emergency purposes and mixed gas operations. )

Parts , tools , and instrumentation to test , repair ,

adjust, and maintain the helmet assembly are

provided with the MK 12 SSDS test set (see Figure

6-42). With the test set , tests can be performed for

helmet leak , flow/ AP , vacuum , relief valve

performance, and dry suit leak . The test set is housed

in a 14-1 /2x18x18-1 /2-inch polyethylene container.

Waterproof and vaporproof , the container has a

bidirectional pressure- relief valve for high-altitude

transport . Test set instruments are panel-mounted in

the detachable lid and calibrated for use in the

horizontal position (Figure 6-42) . All four gages ,

Bourdon-tube types , have cam and roller spring-mass

movements . A gage snubber is installed for each

gage to dampen its responses . The gages are as

follows:

Supply-Indicates supply pressure to the test set (0)

to 150 psi) .

Regulated-Indicates pressure (0 to 30 psi ) from

the regulator to the helmet or dry suit.

Helmet P-Indicates helmet internal pressure (0

to 5 psi ). The AP gage has a pressure-relief

valve with a nominal 6-pound setpoint in its

supply line to protect it from overpressurization .

Vacuum-Indicates vacuum ( 0 to 30- in . Hg) to test

the nonreturn valve .

The test set REGULATOR is a balanced piston ,

self-relieving type . Maximum primary pressure is 170

psi . The regulated range is 0 to 30 psi.

SUPPLY

RECALATED

BLEDO
OPEN

VACUUM

Figure 6-42

GULATOR

3

2

SUPPLY
REGULA

TOR BYPASS
VAD

OPEN

Mark 12 test set.

25

35

In addition to the gages and REGULATOR , a number

of ball valves are used throughout the test set : the

BLEED valve vents the test set through a flexible tube

leading out of the container ; SUPPLY valve ;

REGULATOR/BYPASS valve; VAC/AIR selector; IN

(inlet) valve and OUT (outlet) valve . The valves are

interconnected with copper tubing and compression

ferrule fittings . The fittings and tubing assemblies

from the IN (inlet) through the SUPPLY valve, the
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REGULATOR/BYPASS valve , the VAC/AIR selector

valve , to the OUT (outlet) are 3/8 inch ; all others are

1/4 inch . A breech-ring blanking plate , equipped with

a 1 /4-inch quick-disconnect tap , is furnished for the

flow/ AP and leak tests , which require sealing of the

helmets .

The lower section of the test set container has a

removable lid for access to the stowage compart-

ment , which contains tools , test set hoses , vacuum

pumps , blanking plate , and plugs for the air supply

diffuser and dry suit cuffs.

Air Supply Requirements 6.4.2 The MK 12 SSDS

is designed for compatibility with existing fleet equip-

ment, which normally includes the diving console. In

the air mode, it is an open-circuit system in which air

is supplied from the surface by the umbilical hose ,

through a nonreturn valve within the air supply

adapter , through stainless steel tubing to the air

supply valve , and then out through the helmet by

means of the air supply diffuser . The air is directed up

across the front viewport and toward the diver's face ,

leaving the helmet via the exhaust valve . In the

adjustable configuration (with a dry suit) , the normal

operating range of the exhaust valve provides an

internal helmet pressure range of from 0.3 ± 0.05

to 2.0 ± 0.3 psi over ambient , with a flow of 6 acfm .

In the neck dam configuration (used with a neck dam

and with a wet/swim suit) , the exhaust valve is

modified to provide a fixed helmet pressure of 0.125

psi over ambient at 6 acfm .

FLOW REQUIREMENTS 6.4.2.1 The maximum

CO2 level likely to be produced by a diver under

severe work conditions is approximately 3 liters per

minute (Ipm ) . The maximum allowable CO2 level is

2.0 percent surface equivalent volume (2.0 percent

SEV or 15mmHg) . The minimum helmet flow rate

required to maintain the helmet CO2 level below 2

percent SEV under extreme conditions is approxi-

mately 6 acfm . However , CO2 production rates of 3.0

liters can be sustained by a diver for only a short time ,

probably not longer than 10 minutes . Consequently,

for most diving jobs , CO2 production would probably

be below 2.0 lpm , so a flow 6 acfm would provide

more than adequate flushing . The flowmeter indicates

actual flow to the diver in the open-circuit air mode

only. Table 6-3 presents flow requirements.

The amount of air the diver is receiving is indicated on

the MK 12 flowmeter gage on or near the diving

TABLE 6-3

CO2 PRODUCTION VS FLOW REQUIREMENTS

Light Work

(At rest; standing

on a diving stage)

Moderate to Heavy Work

(Sustained underwater

work rate)

Severe Work

(Maximum capacity

underwater work rate)

MAXIMUM CO2

PRODUCTION (LPM )

FLOW REQUIRED

TO FLUSH CO2

acfm

1 2

Ipm

57

4 113
2

3 6 170
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station . Since the flowmeter gage is calibrated in

inches of water (in . H2O) and ventilation is

determined in acfm , conversion is required . The flow

in acfm at depth for specific flowmeter readings is

given in Figure 6-8 for a 200-foot umbilical and in

Figure 6-44 for a 600-foot umbilical . To determine

diver airflow , find his depth across the bottom of the

appropriate chart and the flowmeter reading on the

left side . Locate the coordinates and interpolate

between curves to obtain the diver's ventilation rate .

PRESSURE REQUIREMENTS 6.4.2.2 Diver's air

must be supplied at sufficient pressure to overcome

water pressure at depth and pressure losses due to

flow through diving hose , fittings , and valves .

Operating the MK 12 SSDS with console overbottom

pressure determined by hose length and measured

airflow ensures satisfactory system operation .

However, one limiting factor in any diving operation is

the capacity of the compressor at the diving platform .

The rule of thumb of 60 psig overbottom pressure for a

200-foot hose and 100 psig for a 600-foot hose ,

I
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h
e
s
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2
O

)

.7

.6

.5

4
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Figure 6-43

5
0

6 ACFM

4ACFM

2 ACFM

Normal Air Limits

50 100 150

Depth (fsw)

200 250 300

Flow meter readings , 200-foot umbilical

with 60 psi over-bottom pressure .
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Figure 6-44

6 ACFM

4 ACFM

2 ACFM

Normal Air Limits

50 100 150

Depth (fsw)

200 250 300

Flowmeter readings , 600-foot umbilical

with 100 psi over-bottom pressure .

although simple to apply, may be too restrictive at

times because of dive depth and compressor

capacity. Minimum manifold pressure requirements

for such cases are shown in Figure 6-45 .

Minimum compressor or manifold pressure require-

ments have been formulated to provide for limited

compressor capability at the platform yet retain the

acfm flow requirement . Operating pressure can be

derived from the following formulas:

Formula for 200-foot hose:

(Diver's depth in fsw x 0.50) + 42 = minimum

manifold pressure psig

Formula for 600-foot hose:

(Diver's depth in fsw x 0.62) + 42 = minimum

manifold pressure psig

SAMPLE CALCULATION 6.4.2.3

Problem-One diver is to make a dive to 190 fsw

using the MK 12 SSDS (Air Mode) . A bank of twelve

200-cubic-foot cylinders is to be used as the air
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B.
Determine the air capacity available at the bank

pressure . (Absolute values of psi are used in this

and subsequent steps . )

200 ft hose

Cylinder Bank

Pressure (psig)

Cylinder Working

Pressure (psig)

+ 14.7

Total Air

Capacity

Air Capacity

Available at

X =

+ 14.7

of Cylinder

Bank (scf)

Cylinder Bank

Pressure (scf)

1700 psig + 14.7

1800 psig + 14.7

X 2200 scf = 2078 scf

50 100 150

Depth

200 250 300

1 .

C
.

Determine the pressure available to the diver at

depth:

Determine the absolute psi equivalent to

the diving depth :
Figure 6-45 Minimum manifold pressure requirements .

supply. The working , or rated , pressure of each

cylinder is 1800 psig . The cylinder bank pressure is

1700 psig . Whatis the maximum amount of time that

the diver may spend on the bottom?

Solution- As discussed in Section 6.6.2.2 , this

problem may be solved in four steps . (Note: These

calculations are always based on an assumption of

4.5 acfm diver air consumption . Temperature

correction factor and CO2 partial pressure in the air

supply , unless excessive , are insignificant . A

discussion of the effects of temperature on the air

supply at depth is presented in Section 6.6.2.2 for

reference . )

Step 1. Calculate the available capacity of the air

supply and the pressure available from the air supply

for the diver at depth . The step involves three

substeps :

A. Determine the total air capacity of the cylinder

bank:

Number of

Cylinders

in the

X

Bank(Minus 1

for

Reserve)

=

Total air

Capacity ofRated Capacity

of Each Cylinder the Cylinder

(scf) Bank

(scf)

2.

Cylinder

Depth + 33

33

x 14.7 psi =

Absolute psi at

Depth of Dive

190 + 33

33

x 14.7 psi = 99 psi

The psi available to the diver at depth may

then be determined .

Bank + 14.7

Pressure

(psig)

Absolute psi

at Depth of +

Dive

(

220 psig

Minimum + 14.7

Bank

Pressure

Requirement

Pressure Avail-

= able to Diver at

Depth (psi )

( 1700 psig + 14.7 ) - ( 99 psi + 220 psi + 14.7) = 1381 psi

Step 2. Calculate the amount of air available at the

diving depth :

Air Capacity

Available at

Cylinder Bank

Pressure

(scf)

X

Pressure Available

to Diver at Depth

(psi )

Cylinder Bank

Pressure (psig)

+ 14.7

=

Available Air

At Diving Depth

(scf)

2078 scf X

11 X 200 scf = 2200 scf

1381 psi

1700 psig + 14.7

= 1674 scf
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Step 3. Calculate the amount of air consumed by the

diver per minute over the time of the diver: Stop Depth + 33

33
x Ventilation x Stop Time =

(See Table 6-5)

Quantity

of Air

Needed

at StopDiver's Estimated

Average Air

Average Air Con-

sumption Per

Depth + 33

33

Consumption Over
X = Minute Over

Time of Dive

Time of Dive

30 fsw + 33

33

x 4.5 acfm x 5 min = 43 scf at 30 ft

(acfm )

(scfm )

(See Table 6-5)

20 fsw + 33

33

x 4.5 acfm x 11 min = 80 scf at 20 ft

190 + 33

33

X 4.5 scfm = 30 scfm

Step 4. Calculate the duration of the diver (maximum

bottom time):

Available Air

at Diving

Depth

(scf)

Number of

Divers

X

Including

Standby

Average Air

Consumption

Per minute

Over Time

of Dive

(scfm )

Maximum Bottom
=

Time in Minutes

10 fsw + 33

33

x 4.5 acfm x 25 min = 147 scf at 10 ft

Total 270 scf

Since each cylinder has a capacity of 189 scf @

1700 psig , two cylinders are required as a reserve.

1674 scf

= 28 minutes

2 x 30 scfm

The maximum bottom time is therefore 25 minutes .

Note: For a dive to 190190 fsw, 2525 minutes

decompression is required . One cylinder has been

held in reserve for decompression . The quantity of air

needed to support the diver during decompression

must therefore be calculated to determine if the one

cylinder is sufficient . Based on the 190/25 schedule

of the U.S. Navy Standard Air Table (Chapter Seven) ,

and an average ventilation flow rate of 4.5 acfm (see

Table 6-5) ,6-5) , the quantity of air required for

decompression is:

Dressing Procedures 6.4.3

DONNING PROCEDURES-AIR MODE , NORMAL

CONFIGURATION 6.4.3.1 A moving or standing

partially or fully dressed diver must always be assisted

by one tender or helper. The dressing of the diver is

the responsibility of the tender. The average donning

time for this configuration is 4 minutes . Underclothing

is optional , varying from shorts to thermal underwear.

The recommended dressing procedure is detailed in

Figure 6-46.

Assemble and inspect the equipment . Place the

helmet face down on a rubber mat, exercising care

not to damage the viewports , helmet , and breech ring

lugs . Caution and care should be exercised

throughout the dressing procedure to maintain the

safety and comfort of the diver and protection ofthe

equipment.

6-54 U.S. NAVY DIVING MANUAL
Change 2



B From the sitting position , insert both legs through

the dry suit zipper . Work the suit to the hips as the tender

holds the breech ring in the diver's lap . A thin pair of socks

facilitates donning and prolongs suit life .

A
Apply any approved silicone and/or oxygen-

compatible lubricant to the dry suit zipper . Wipe off

excess . Open the zipper fully . Ensure support to the

lower breech ring to prevent damage to lugs or tothe

suit zipper.

Figure 6-46 Dry suit dressing procedures
—

Mark 12 diving C

outfit .

Stand up and work both arms into the sleeves . Roll

the cuffs under for a watertight wrist seal .
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D Place the suit breach ring down over the head . F Donned dry suit.

E Hold arms up in front with elbows flexed as the tender

tightly closes the zipper . Make sure the zipper is closed by

a sharp tug on the zipper tab.

G
Fold the outer garment leg restrainers back. Secure

the ends to prevent tangling .
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H Pull the outer garment on . Press the Velcro wrist and

ankle fasteners shut.

J Don the boots and secure the straps.

The diver holds the lower breech ring off his shoulders

while the tender presses the Velcro front closure firmly shut .

K Straighten the jocking harness and secure the shoulder

straps in place with the Velcro tabs . Snap the jocking straps

into the breech ring jocking harness brackets .
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00
00
00

L Wrap the harness chest strap Velcro tab around the left

shoulder strap and press it into place.

N Adjust the waist belt and shoulder straps . Cross the rear

jocking straps and , while the diver holds front breech ring in

position , adjust and secure both rear jocking straps .

M Pull the crotch strap to the front . Slide the waist belt

link through the modified V-rings on the crotch strap and

the front jocking strap . Fasten the waist belt latch . Secure

the locking pin .

O
Insert the thigh and calf weights into the pockets . If

required , hip weights are inserted .
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P Press the Velcro pocket flap shut . Secure the wrap-

around thigh and calf restrainers .

R

D

D

ㅂㅂ

Q,R Diver is fully dressed and ready to don the helmet .

Inspect the diver to ensure correct dress . Ensure that air is

available to the helmet and that the air supply valve is opened

slightly before placing the helmet on the diver.

S Seat the diver and carefully lower the helmet into

place . Align the helmet and lower breech ring lugs and

press the helmet firmly into place.
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T Press the button on the quick-release locking pins and

slide into place . Ensure that all pins are properly locked .

V The diver adjusts the front diving strap to his preference .

D

ㅂ

D

W With the diver fully dressed , perform a communications

check (see MK 12 Operation and Maintenance Manual ,

NAVSEA 0994- LP - 018-5010) .

U Lead the umbilical and whips under the left arm to the

wrist V- ring . Secure with the spinnaker-type snap shackle .

Ensure that it is locked . Ensure that the quick- release cord

is attached and in good condition .
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X Establish the desired airflow.

DONNING PROCEDURE-AIR MODE, WET SUIT/

SWIMMING CONFIGURATION 6.4.3.2 The gar-

ment requirements for this configuration are the

diver's option . An undershirt is recommended to

minimize chafing by the harness . The system can be

used with swim fins , weight belts , wet suits , outer

garments, or any of the above combinations . The

recommended dressing procedure is presented in

Figure 6-47.

DOFFING PROCEDURES-AIR MODE 6.4.3.3

The most convenient doffing procedure for the MK 12

SSDS is given in Table 6-4 . Perform the steps in the

order given . All steps are necessary to doff the dry

suit configuration . Only the steps marked with an

asterisk (*) are needed for the swimming con-

figuration .

A
The harness is donned exactly as in the dry suit con-

figuration . A lower breech ring with a neck dam is placed

over the head and secured to the jocking straps with the

lower edge of the neck dam pointed upward around the

neck .

B,C Place and secure the helmet as in the dry suit con-

figuration .

Figure 6-47 Wet suit dressing procedures- Mark 12

diving outfit .
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TABLE 6-4.

DOFFING

PROCEDURES- AIR
MODE

PROCEDURE

STEP

*1 .
Doffthe

Helmet

a .
Seat the

diver .

Ensure that the air
supply

valve is

slightly
open to

continue

delivering air to the
diver

until his
helmet is

removed .

b.

C.

d .

e .

2 . Removethe

Weights

and
Boots

a.

b.

*3.
Doffthe

Jocking

Harness

a.

4 .
Doffthe

Outer

Garment

a.

b.

5. Doff
the

Dry

Suit

a.

6-62
Change 2

b.

Open the

spinnaker-
type

shackle .

Disconnect the

strength

member
from the

jocking
harness .

Depress the
locking pin

releases .
Pull the pins

clear

of the
lower

breech ring
lugs .

Firmly
grip the

helmet and
ease the

helmet up and

over the
diver's

head.

Set the
helmet

down on the
front

viewport
upon a

rubber
mat .

Turn the
supply

valve
well

open to

ventilate the
helmet .

Open the
thigh and calf

restrainers . Lift the
pocket

flaps and
remove all

weights.

Undo
straps and

remove the
boots .

Withdraw the
harness

quick-
release

locking pin
and

open the
waist-

belt
latch .

Disconnect the
jocking

straps
from the

lower
breech ring .

Open the

shoulder

tabs and
chest

strap,
freeing the

shoulder
straps ,

and
remove the

entire
harness.

Open the
Velcro suit

front and pull the suit
down

over the
diver's

shoulders and
below the

hips .

With the
diver

seated ,
pull the

outer

garment off

from the
feet .

Hang or
drape the suit to

permit
drying .

NOTE

The
breech ring

should be
held at all

times by the
diver or

tender to
prevent

damage .

With the
diver

standing ,
open the

zipper .
The

diver

will pull the
breech ring up and

maneuver his
head

out of the
open

zipper .

Remove his
arms ,

one at a

time
from the suit .

Pull the suit
down

below his
hips .

Seat the
diver and

remove the suit
from his feet.

C.
Hang or

drape the dry suit to
permit

drying.
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Emergency Procedures 6.4.4 Although emergency

situations are covered in detail in Chapter Eight and

Section 6.8.7.2 of this manual , the following

procedures are provided to correct mechanical

problems that could occur with the MK 12 SSDS.

WARNING

If any underwater emergency occurs ,

notify topside and any diving partners

immediately. Do not ditch the rig.

AIR SUPPLY VALVE JAMMED OPEN 6.4.4.1

WARNING

Normally, to prevent the air supply valve

from jamming, the valve should never be

fully opened nor fully closed .

A. Depress the chin button and adjust the exhaust

valve to prevent overinflation .

B. Attempt to shut the valve . Have dive partner

attempt to shut it .

C.
Attempt to reduce flow by crimping the hose .

D. If the valve cannot be shut, topside will control

air.

E. Ascend as directed.

AIR SUPPLY VALVE JAMMED SHUT 6.4.4.2

A. Shut the exhaust valve while attempting to open

the air supply valve.

AIR SUPPLY VALVE CANNOT BE ADJUSTED

6.4.4.3

Control air volume with the exhaust valve .

HELMET LOCKING DEVICE FAILS 6.4.4.4

A. Hold helmet in place.

B. Attempt to resecure locking device.

C.
Have dive partner attempt to resecure locking

device .

D. Ascend as directed .

BUOYANCY CONTROL IS LOST 6.4.4.5

A. Diver Blowup

1. Shut the air supply valve , depress the chin but-

ton , hold hands over the head , and vent from the

suit cuff. Pull one cuff open if required .

2. Adjust the air supply and exhaust valves to regain

buoyancy control .

B. Diver Falling

1. Fully open the air supply valve (do not jam open)

and pull the chin button closed to halt descent.

2. Adjust the air supply valve to retain buoyancy

control.

JOCKING HARNESS FAILS 6.4.4.6

B. Insert the pneumofathometer hose under the dry A. Hold the helmet in place.

suit cuff (or neck dam , in swimming configuration)

and request a continuous vent .

C. Have dive partner attempt to open the air supply

valve .

B
.

Make sure you can operate the chin button

properly .

C. Maintain buoyancy control .

D. Ascend as directed . D. Ascend as directed .

SURFACE-SUPPLIED AIR DIVING OPERATIONS 6-63Change 2



Equipment Maintenance 6.4.5 Complete mainte-

nance instructions , with disassembly and overhaul

procedures , are too extensive to be covered here .

Refer to the MKMK 12 O&M Manual (NAVSEA

0994-LP-018-5010) for these instructions . General

maintenance procedures after each equipment use ,

however, will extend its useful life . Before beginning

the procedures, determine whether there has been

any malfunction or damage to the system and adjust ,

repair, or replace equipment items as necessary. The

following steps should be performed after each

mission .

HELMET ASSEMBLY 6.4.5.1

WARNING

The helmet assembly cannot be returned

to service after any maintenance opera-

tion until it has undergone a complete

pre-dive test as given in NAVSEA

0994-LP-018-5010 .

Clean the helmet interior after each use , with

attention to the following (see Figure 6-48) :

1. Chin button

2. Front viewport

3. Area surrounding the microphone

4. Air supply diffuser and ear-clearing pad

5. Front helmet base interior

After cleaning , inspect and check equipment as

follows:

A. Check the breech ring O- ring for dirt or grit .

Check for proper , free operation . Clean and lubricate

as required .

B. Remove the adjustable exhaust valve . Disas-

semble, inspect , clean , and reassemble it . Reinstall

the exhaust valve and check for proper operation

throughout its full range.

C. Check the chin button for proper operation .

D. Check the air supply valve for proper operation

throughout its full range . Check the packing gland nut

and valve handle and stem motion .

E. Check the locking pins for dirt or grit . Check for

proper operation and clean and lubricate as

necessary.

F. Inspect the viewports for damage . Dry thorough-

ly and apply defogger as necessary .

G. Remove , disassemble , and inspect the air supply

diffuser. Clean thoroughly, reassemble , and reinstall .

H. Check the mixed gas adapter caps for tightness .

DIVING DRESS 6.4.5.2 Wash the dress assembly

thoroughly after each use or dive day. Do not stow the

dress assembly until it is thoroughly dry . Hang the suit

in a proper place , where it will be protected from

abrasion and damage.

SUPPORT EQUIPMENT 6.4.5.3 After each dive

day, secure the console pressure and then disconnect

the whips from the umbilical and install dust covers.

Stow the umbilical . Remove the air whip and install

the adapter cap . Secure the communication station .

Communication/Strength Cable

A. General Maintenance-Visually inspect the

connections , O- rings , and casings for any abrasions,

cuts, tears, or kinks .

B. Pre-dive-Each length of cable , either a 200- or

600- foot length , is equipped with an elbow connector

to mate with the communication station selected . The

elbow connector may be altered into either a

telephone plug or seven-pin socket type . The

telephone plug connects directly into the Helle

Communication System . Check for continuity of the

communication circuit .

C.
Post-Dive- Inspect for damage . Install pro-

tective cap and stow as required.

To marry communication strength cable, air hose,

and pneumofathometer:

A. Use a block and tackle to stretch out the

communication strength cable at waist height off the

deck.
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Continued)
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Diving
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SSDS)
helmet

assembly ,

exploded
view.

PARTS LIST FOR
HELMET

ASSEMBLY,
FIGURE 6-48

Find
View

No. Qty MK 12 Part No.

Name,

Description ,
Material

a,b,c

a, b, c 1

NA
1

592-4758500

Helmet

assembly

1
592-4758693

Helmet shell

a,b

a,b

b

a

a,b

2
3

4
5
6

2

592-4758509

Side

viewport

2
592-4758527

Packing ,

preformed ,
side

viewport

1
592-4758510

Viewport
retainer,

right

1
592-4758512

69
592-4758536-5B

Viewport
retainer , left

Screw-cap , sch-hex ,
.164-

32
UNC-3A

x.375" ,
CRES316

a,c

b

7
8

1

3

592-4758531592-4758537-21 Helmet
base

C

Screw-cap , sch-flat csk

a,b

2
2
2
2

21
25

592-4758520

43

592-4758528

82°,
.190-24

UNC-3A x
.625" ,

CRES 316

a

2
2
3

1
592-4758551-0

b 9 3

592-4758538-204B Nut,
plain- hex ,

.190-24

UNC.28 x .250" ,
CRES

316

a
24

2
592-4758536-41B

b
10

1
592-4758503

Front

viewport

b
11 592-4758525

Packing,

preformed ,

front
viewport

a
25 2

2
3
4
3

12
1

592-4758504

Viewport
retainer ,

front

13
1

592-4758506

Top
viewport

14
1

592-4758526

Packing,

preformed , top
viewport

a
26

2
6

b
15

1
592-4758507

Viewport
retainer, top

a

2
2
7
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592-4758533592-4758500-45

592-4758536-188

592-4758537-8

Name,

Description
Material

Helmet lug

Pin ,
spring ,

CRES, MS-16562-216

Helmet lock pin

Screw-cap, sch-
hex,

.138-

32
UNC-3A x

.500" ,
CRES316

Screw-cap, sch-flat csk

82°,
.138-32 UNC-3A x

.375" ,
CRES 316Threaded insert,

base

Threaded insert,
view-

port
Exhaust

valve
assy.

Screw-cap , sch-hex ,
.190-

24
UNC-3Ax 1.250 ** ,

CRES316592-4758540-138B
Washer , lock-

spring ,

2

592-4758500-36

2
592-4758622

helical ,.190
nominal

size ,
CRES 316

Packing,
preformed ,

MS-29513-129

Mixed gas
adapter
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Find
View No.

Qty Mk 12 Part No.

a, b 16

a,b 17

2
22

2

a, b 18
2

592-4758534a,b 19

b 2
020

2
5

25
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59)

View c

63+

Figure 6-48 (Continued) Mark 12 Surface -Supported

Diving System (SSDS) helmet assembly ,

exploded view.

PARTS LIST FOR HELMET ASSEMBLY , FIGURE 6-48

Find

몸을View No. Qty. Mk 12 Part No.

C
U

a 29 2

30

a 31

a

c
o
c
o

c
o

c
o

c
o

a

a

2
5

a

32

33

34

2
2
2
2
2

592-4758500-53

592-4758625

592-4758627

592-4758624

592-4758626

592-4758500-20

a 35 1 592-4758631-0

a 36 1 592-4758598

a 37 1 592-4758599

2
0
2
2

C
O

8
5
8
8
0

a,c 38 1 592-4758592

a 39 2

a 41 1

1
2
2

592-4758500-38

592-4758500-40

1 592-4758500-39
a 42

a 43 1 592-4758532

a 44 1 592-4758541-0

2
0

2
0 4

4
3

Name, Description ,

Material

Packing, preformed , MS-

29513

Valve, one-way

Retainer, valve

Seat, valve

Cap, mixed gas adapter

Packing, preformed , MS-

29513

Communications whip

cable assy. , W3

Cap, air supplyadapter

Gasket

Air supply adapter

Packing, preformed , MS-

29513-119

Packing, preformed , MS-

29513-272

Packing, preformed , MS-

29513-271

Helmet breech ring

Lower breech ring assy.

65

Find

View
No. Qty. Mk 12 Part No.

3

6

(39)

38

Name, Description

Material

45 1 592-4758515

F
O
T
O

5
8
8

0
0
0
0
0

0
0
0
0

1 592-4758514

1 592-4758522

592-4758500-64

46

47 1 592-4758512

48

49 1

50 2 592-4758517

51 2 592-4758617

53 1

52 1 592-4758502

592-4758667-0

C 54

C 55 1

56

0
0
0
0
0

0
0

57

58

59

60

1 592-4758661-0

592-4758500-65

1 592-4758569

1 592-4758570

1 592-4758574

1 592-4758575

61 1 592-4758576

C 62 1 592-4758523

C 63 1 592-4758615-0

Nut, penetration ring

Penetration ring

Microphone mount

Retainer, microphone

Mircophone MK 1. M-

101 /A1C

Earphone retainer

Earphone, LS1 , LS2

Helmet weight

Microphone cable assy.

W1

Earphone cable assy.,

Preamplifier A1 , CE

1533TR-02

Supply duct

Connector, supply duct

Return duct, left

Return duct, right

Connector, return duct

Helmet liner

Air whip assy.,

2815

MIL-H-

W2

(62)
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B. Connect the diver's air hose and pneumo-

fathometer to an air supply and pressurize both to 150

psig . The female coupling on the air hose should be at

the diver's end of the umbilical .

C. Tie off in a similar manner every 3 feet , leaving 4

inches of slack in the hoses at each junction .

D. Cover 50 feet of the cable and air hose (from the

first lashing point at the diver's end) with canvas strip

14 inches wide , 50 feet long ( folded double) sew with

herringbone stitch .

Air Hose

The testingtesting requirements for deep-sea (and

lightweight) diving hose MIL- H2815 are as follows:

A. Upon reaching 3 years from date of manufacture

and annually thereafter , perform a visual inspection ,

check for date of manufacture , slippage of hose out of

fittings , cracking of outer rubber cover , rubber cover

rubbed thin by abrasion of chafing , soft spots or

bulges on hose body, cuts and tears . If the visual

inspection indicates weakening of hose or fittings , or

otherwise renders the hose suspect , the hose shall be

retired from service and replaced immediately . Upon

completion of satisfactory visual inspection each.

length of hose shall be subjected to a coupling pull out

test . This is done in the following manner : Subjectthe

hose to an internal hydrostatic pressure of 600 PSIG

concurrent with an axial tensile load of 250 lbs and

held for 1 minute . Care must be taken to insure that

the hose is not damaged in applying the 250 lb load.

Grip on the hose should be made approximately one

foot back from the fittings with a Kellems standard

support grip , Kellems part number 022-02-005 ,

available at most electrical cable supply outlets , or as

shown in Figure 6-49.

Upon reaching five years from date of manufacture

and annually thereafter up to and including 9 years ,

hoses shall be subjected to the above testing , and in

addition , each year a randomly selected hose

representing each lot (a lot is defined as all hose with

the same date of manufacture) shall be subjected to a

burst strength test , the minimum acceptable burst

strength being 2400 PSIG . Hose that is subjected

to the burst test is to be destroyed . The burst test shall

be conducted in accordance with Federal Test

Method Std . No. 601 Rubber Sampling and Testing,

April 12 , 1955 method 10011. This annual testing

shall continue until hose failure or until the hose

reaches the age of 10 years , whichever occurs first .

Failure of a randomly selected hose in the burst test

shall signal the immediate discard of the entire lot of

hose represented . All hoses will be automatically

discarded upon reaching 10 years from date of

manufacture .

A records log shall be maintained for documenta-

tion of all testing of divers hose . Upon completion of

the required testing an entry shall be made in the log

stating date of manufacture of hose tested , number of

hoses tested , results and date of testing and the

names of persons conducting the testing .

Satisfactory completion of the above requirements

constitutes fulfillment of the requirements to extend

diving hose usage for 1 year .

Results of all testing performed on divers hose in-

cluding location of testing , type of hose (smooth cover

or spirally wound cover) , number of hoses tested and

date of manufacture of the hose and any difficulties

encountered shall be forwarded by speedletter to

NAVSEA CODE OOC.

CORRECT METHOD

STRAIGHT EVEN 250 lb. ELONGATION LOAD

UNEVEN PULL CAUSING HOSE CASING

TO PEEL AWAY FROM INNER HOSE

EX

Figure 6-49

UNEVEN PULL

INCORRECT METHOD

Correct and incorrect method for coupling ,

pull -out test .

S
C
U
B
A
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B. Pre-dive-flush new hose with fresh water and

dry with oil-free air; blow air through used hose to

clean . When joining lengths of hose , insert a leather

washer in the female coupling . Use the best hose at

the surface end wher the pressure differential will be

greatest .

C. Post-dive-clean and inspect hose . When a

working hose has been made up and in use , moisture

will be likely to accumulate in the hose. The lengths

should be drained and dried before stowing .

D. To install hose fittings-

1 .

2.

3.

4.

Slip three clamps over end of hose.

Coat the shank of coupling with rubber

cement and clamp end in a vise . When

working with a female coupling , mate it with

male unit before clamping .

Force the hose over the shank until tight

against the shoulder of the coupling .

Put first clamp in position and set in vise ,

compressing until clamp screw holes are

in line; insert screw, tighten . Repeat the

procedure with the other two clamps.

-decompression stage , constructed to carry one or

two divers , is used both for putting divers into the

water and for bringing them to the surface , espe-

cially when decompression stops must be made.

The stage platform is made in an open grillwork

pattern to reduce resistance from the water and

may include seats . Guides for the descending line ,

and several eyebolts for attaching tools , steadying

lines or weights , are provided . The frames of the

stages are collapsible for easy storage .

-stage line for raising and lowering the decompres-

sion stage . It is made up from 3" or 4" manila ,

nylon or polypropylene rope and marked-off at 10-

foot intervals to assist in placing the stage at

the proper decompression stops . The first " 10-

foot' mark is placed such that the diver's chest

will be maintained at an average depth of 10 feet

at his 10 ' stop . The stage will have to be adjusted

slightly depending on surface conditions at the time

of each dive .

--diving bell , for use with the USN MK 1 mask at

depths below 130 feet . The bell is used for trans-

ACCESSORY EQUIPMENT FOR SURFACE-

SUPPLIED DIVING 6.5

A deep-sea diving outfit includes certain items of

accessory equipment which are often useful in

lightweight diving operations . These items include :

-hand lead-line for measuring depth .

-descending line to guide the diver to the bottom

and for use in passing tools and equipment. This

3-inch line is cable-laid to prevent twisting and to

facilitate easy identification by the diver on the

bottom . In use , the end of the line may be fastened

to a fixed underwater object , or it may be anchored

with a weight heavy enough to withstand the force

of the current .

-distance line made of 60 feet of 15-thread cable-

laid manila . The distance line is attached to the bot-

tom end of the descending line and is used bythe

diver as a guide for searching as well as a means

for relocating the descending line. Figure 6-50 One-man decompression stage .
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portation to and from the work site , and may be

used as a refuge in the event of an emergency.

-diving ladder used when entering the water from

the side of a small boat . The ladderis made of

galvanized steel , and when in use it is held at the

correct angle by a pair of struts which hold the

ladder out from the side of the boat . These struts

may be folded for storage .

-cast iron weights are provided in two sizes : 50

pounds and 100 pounds . both sizes are used as

descending line weights .

-canvas toolbag for carrying tools . The bag may be

looped over the diver's arm , or it may be sent down

the descending line.

-a stopwatch for timing the total dive time , decom-

pression stop time , travel time , etc.

-a welding faceplate , used with MK 5 and MK 12

deep-sea gear , fits over the regular faceplate

and reduces the excessive glare produced by

welding apparatus . The faceplate has a metal

frame with interchangeable lenses and a spring

clip for holding the lens in an "open" or " closed"

position . The lenses are supplied in three degrees

of increasing density designated as #4, #6 or #8.

The selection of lens is determined primarily by

the degree of turbidity of the water. Relatively

clear water will require the use of darker lens

than will muddy water.

Figure 6-51 Canvas tool bag .

SURFACE AIR SUPPLY SYSTEM 6.6

Requirements for Air Supply 6.6.1 The diver's air

supply may originate from either an air compressor ,

bank of high-pressure air cylinders , or a combination

of both . Regardless of the source , the air must meet

certain established standards of purity , must be

supplied in an adequate volume for breathing , and at

a rate of flow which will properly ventilate the helmet

or mask. The air must also be provided at sufficient

pressure to overcome the bottom water pressure and

the pressure losses due to flow through the diving

hose, fittings, and valves . The air supply requirements

depend upon specific factors of each dive such as

depth , duration , level of work , number of divers being

supported , and type of diving system being used.

PRESSURE CONSIDERATIONS-METRIC SYS-

TEM 6.6.1.1 Because the metric system will

eventually become the standard for all measurements

in the United States, it is important that divers and

dive supervisors understand the methods of

conversion from English to metric , and in particular ,

of pounds per square inch (psi) to bars . As noted in

Section 2.2.1 , a bar is approximately equal to one

atmosphere , or 14.7 psi . Therefore , psi readings may

be converted to bars by simply multiplying by the

reciprocal of 14.7 , which is .0680 , or .07 . (Complete

conversion tables for pressure , velocity , energy

(work) , length , area , volume , mass , power, and

temperature are presented in Appendix A. )

Example

Problem-Convert a reading of 135 psig to bars.

Solution-135 x .07 9.45 bars .

Also , when expressing pressures , the specific gravity

of the seawater should be considered , since the

pressure exerted by a column of water depends on the

specific gravity of the water, which in turn varies with

temperature and locality . In diving , specific gravity is

defined as the ratio of the density of the local water to

that of pure water at 4°C. When using the metric

system , the preferred value for specific gravity is

1.01972 (as this gives the equivalence , 10 meters =

1 bar).

AIR PURITY STANDARDS 6.6.1.2 Air , if taken

directly from the atmosphere and pumped to the

diver, may not meet purity standards established by

the Bureau of Medicine and Surgery . The air itself

may be contaminated by engine exhaust or chemical
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smog , or even initially pure air may become

contaminated while passing through the compressor

system . These standards are for nonsaturation air

dives and are measured standard temperature and

pressure , dry (STPD) (0 °C, 760mmHg) . The quality of

the air , as measured at the final outlet valve of any

supply system , must conform to the following limits:

-Oxygen concentration 20-22% by volume

-Carbon dioxide 1000 ppm maximum

-Carbon monoxide

-Total hydrocarbons

other than methane*

20 ppm maximum

25 ppm maximum

-Particulates

-Odor

5 mg/m3 maximum

Not objectionable

*During normal gas analysis , hydrocarbons are first

converted to methane and analyzed . The actual

methane value is then subtracted from this result to

give the value for unknown hydrocarbons . Unknown

hydrocarbons should not exceed 25 ppm . Care should

be taken to assure that the reported hydrocarbon

value has already been corrected for the methane

present .

To meet
these standards

, specially
designed

nonlubricated
compressors

must be used , or the air

supplied by a standard
compressor

must be passed

through a highly efficient
filtration

system . The

compressed
air found in a shipboard

service system

willusually contain excessive
amounts of oil and is not

suitable for diving without being filtered . Air taken

from any machinery
space , or downwind

from the

exhaust of an engine or boiler , must be considered
to

be contaminated
. For this reason , care must be

exercised in the placement
and operation of diving air

compressors
to avoid such conditions

. To ensure that

the source of diver's breathing
air , whether a

compressor
or HP cylinders

, satisfactorily
meets the

standards
established

above , it must be checked at

intervals not to exceed six months . Appendix M
gives

guidance on air sampling.

AIR SUPPLY FLOW REQUIREMENTS 6.6.1.3

required flow from an air supply depends upon the

type of diving apparatus being used . If the air supply

system is to be used in conjunction with open-circuit ,

free-flow apparatus , such as a helmet , flow must be

adequate to meet the requirements of ventilation . If

demand breathing equipment is used , the supply

system must meet the diver's instantaneous peak flow

requirements .

Open-Circuit System Requirements-The primary

requirement of the air supply system is that it must

have a capacity (in acfm ) which will provide sufficient

ventilation at depth to maintain the carbon dioxide

level in the mask or helmet within safe limits during

normal work levels and during extremely hard work or

emergencies. By assuring that the apparatus is

capable of supplying at least 6 acfm ( 170 liters) under

all circumstances , one can be fairly certain that the

inspired carbon dioxide will never exceed 2 percent .

Demand System Requirements-The air require-

ment for respiration is based upon the maximum

instantaneous (peak) flow rate under severe work

conditions . The maximum instantaneous flow is not a

continuous demand, but rather the highest rate of

airflow attained during the inhalation part of the

breathing cycle . The diver's requirement will vary with

the respiratory demands of his work level .

Consequently, the rate at which compressed air is

consumed in the system is significantly less than the

peak inhalation flow rate .

SUPPLY PRESSURE REQUIREMENTS 6.6.1.4 In

order to supply the diver with an adequate flow of air,

the air source must deliver air at sufficient pressure to

overcome the bottom seawater pressure , and the

pressure drop which will be introduced as the air flows

through the hoses and valves of the system . Values

for air consumption and minimum over-bottom

pressures required for each of the surface-supplied

air diving systems are presented in Table 6-5.

WATER VAPOR 6.6.1.5 A properly operated air

supply system should never permit the air supplied to

the diver to reach its dewpoint . Controlling the amount

of water vapor in the supplied air is normally

accomplished by one or both of the following

methods:
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SYSTEM

TABLE 6-5

AIR CONSUMPTION

RESERVE WHICH MUST

BE AVAILABLE FOR

SHORT DURATION IN

HEAVY/EMERGENCY

REQUIREMENTS

MINIMUM

OVER-BOTTOM

PRESSURE (psi )

ESTIMATED AVERAGE

OVER PERIOD OF DIVE

acfm Ipm

Formula for 200 ' hose:

4.5 127 6.0

(Depth in fsw x 0.5) + 42

MK 12

Formula for 600 ' hose :

4.5 127 6.0

(Depth in fsw x 0.62 ) + 42

MK 5 (Depth in fsw x 0.71 ) + 25
4.5 127 6.0

135

Mk 1 Mod 0
1.4 40

See Section 6.2.2.3

JACK

BROWNE

(Lightweight)

50 4.5 127

A. Compression / Expansion -As high pressure

air expands across a pressure reducing valve , the

partial pressure of the water vapor in the air is

decreased . Since the expansion takes place at

essentially a constant temperature ( isothermal ) , the

partial pressure of water vapor required to saturate

the air remains unchanged (Figure 2-19 , Chapter

Two) . Therefore , the relative humidity of the air is

reduced .

B. Cooling Cooling the air prior to expanding it

raises its relative humidity, permitting some of the

water vapor to condense . The condensed liquid may

then be drained from the system .

Air supply requirements cannot be based solely on the

calculated continuing needs of the divers who are

initially engaged in the operation . There must be an

adequate reserve to support a stand-by diver should

he be needed . Finally , but of prime importance , a

back- up system of sufficient capacity to support all

divers must be immediately available in the event of

failure in the primary system .

The characteristics of the various systems of air

supply , and the factors to be applied in determining

the adequacy of each for any given dive , are

presented in the following sections .
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Air Supply Systems 6.6.2 There are three basic

types of air supply systems which can deliver air

meeting the basic standards and requirements

outlined above . These are-

-engine-driven air compressors

-high pressure air cylinder banks

-steam or electrically-driven shipboard air systems .

Whichever system is to be used , it must be in good

repair , properly serviced and manned by trained

personnel . The supply system must be provided with

appropriate pressure gages , flow meters , coolers ,

separators , filters , manifolds and connectors , all as

indicated bythe needs of the operation and the type of

supply.

In working with all air supplies , compliance with two

rules is mandatory-

A. All valves and switches which directly

influence the air supply must be tagged with the

warning-

DIVER'S AIR SUPPLY- DO NOT TOUCH

All personnel , both diving , and non-diving , who

may be in the vicinity of such valves or controls

during an operation must be informed not to

touch any valve so marked .

B. A volume tank or accumulator must be part

of the air supply system and be located between the

supply source and the diver's hose connection . This

tank serves to maintain an immediate , available

reserve air supply should the primary supply source

fail .

AIR COMPRESSORS 6.6.2.1 Most air supply

systems used in Navy diving operations include at

least one air compressor as a primary source of air.

To properly select such a compressor , it is essential

that the diver has a basic understanding of the

principles of gas compression . Generally, two types

of air compressors are available , the dynamic type

(centrifugal) and the positive displacement type.

The centrifugal compressor has , to date , been limited

to use on some aircraft carriers where high capacities

of air are required to support aircraft starting and

maintenance . Its compact design combined with its

high rpm suggest that any significant field repairs of

this type of compressor would be difficult .

Positive displacement compressors may be further

categorized as rotary and reciprocating compres-

sors. Rotary compressors usually have only one stage

in which air is compressed by the action of a rotor in

an eccentric stator . The air is normally contained by

sliding vanes ( Figure 6-52) , but in the case of the

liquid ring rotary compressor (Figure 6-53) water

forms the containing seal . Rotary compressors are

normally limited to pressures less than 100 psi and ,

therefore , are only adaptable to very shallow diving

operations .

Reciprocating compressors are the most common

compressors found in air diving operations . They are

capable of providing capacities sufficient to support

almost any surface-supplied air diving operation and

recompression chamber. This type of compressor is

also capable of attaining pressures high enough to

charge SCUBA cylinders and high pressure cylinder

banks, although at these pressures the capacity is

normally low.

The techniques for determining the flow and the

pressure requirements of an air supply system to

support various types of diving apparatus are the

subjects of Sections 6.6.1.3 and 6.6.1.4 of this

chapter . An air compressor must now be selected

which will perform to these requirements . Normally ,

reciprocating compressors have their rating (capacity

in cfm and delivery pressure in psig ) stamped on the

manufacturer's identification plate . This rating is

based on inlet conditions of 70 ° F ( 21.1 °C) , 14.7 psia

barometric pressure , 36% relative humidity and an

air density of 0.075 lb/ft . If inlet conditions vary from

these , the actual capacity will either increase or

decrease from its rated values .

If not provided directly , capacity may be approxi-

mated from the displacement data provided on the

compressor. Since the capacity is the volume of air at

defined atmospheric conditions , compressed per unit

of time, it will be affected only by the first stage , as all
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other stages serve only to increase the pressure and

reduce temperature . All industrial compressors are

stamped with a code , consisting of at least two, but

usually 4-5 numbers , which specify the bore and

stroke, as illustrated below:

6 x 6 x 4 x 4

Inlet Port

Inlet.

2

1st stage 1st stage

1st piston 2nd piston

6" diameter 6" diameter

2nd stage 3rd stage

4" diameter 2" diameter

4" stroke

Discharge port

Discharge

Using this code , the displacement per revolution of

the compressor is equal to the volume of the first

stage cylinder(s) .

First Stage Volume

3.14 x (diameter)2

Discharge port Inlet port

Figure 6-53 A Liquid Piston Rotary Compressor.

Inlet valve (open)

-x stroke x no. of cylinders
Inlet valve (closed)

4

3.14 x 62 in.

Ex 4 in . x 2 cylinders

4

=226 cubic inches per revolution

If the compressor operates at 440 rpm , then the dis-

placement capacity is-

V=226 in 3 /rev. x 440 rev/min

=99,440 in 3 /min

=57.6 cfm

Sliding Vane Housing

Rotor

Discharged

(compressed)

air

Air

intake

Piston

Air

Coolant Chamber

discharge
Oil wiper rings

Discharge valve

(open)

Discharge valve (closed)

Connecting rod

Discharge

(compressed)

gases

Figure 6-52

Discharge Port

Inlet gases

The Sliding Vane Rotary Compressor is a

positive displacement, constant-volume unit with variable

discharge pressure.

Sectional view of a typical double actingFigure 6-54

piston compressor.

The actual capacity of the compressor will always be

less than the displacement because of the clearance

volume of the cylinders . This is the volume above the

piston that does not get displaced by the piston during

compression . Compressors having a first stage piston

diameter of 4 inches or larger will normally have an

actual capacity of about 85% of their displacement .

The smaller the first stage piston the lower the

capacity will be (because the clearance volume

represents a greater percentage of the cylinder

volume).
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Other features of reciprocating compressors which

should be understood by those who operate and use

them include lubrication , intercooling , condensate

collection and filtration .

All reciprocating piston compressors must be

lubricated . The lubricant serves four functions—

-to prevent wear between rubbing surfaces

-to seal close clearances

-to protect against corrosion

-to transfer heat and minute particles produced

from wear away from points of contact

Unfortunately , this lubricant will vaporize into the air

supply and, if not condensed or filtered out , will reach

the diver's lungs . Although every attempt should be

made to limit the amount of lubricant in the air

provided to the diver, the only assured prevention

against harming the diver is to use non-toxic

lubricants . Any lubricant used in diving air

compressors must conform to military specification

MIL- L- 17672 , two of which are 2110 T- H and 2135

T-H .

It should also be noted that the air in the higher

stages of a compressor has a greater amount of

lubricant injected into it than in the lower stages .

Therefore , it is recommended that the compressor

selected for a diving operation provide as close to the

required pressure for that operation as possible .

Excess pressure means unnecessary staging which

results in a buildup of lubricant in the supply.

Deleted by Change 2

Intercoolers are heat exchangers which are placed

between the stages of a compressor to control the air

temperature . Water, flowing through the heat

exchanger counter to the air flow , serves both to

remove heat from the air and to cool the cylinder

walls . During the cooling process , water vapor is

condensed out of the air and collected in condensate

drains . This water must be periodically discharged

throughout the operation of the compressor.

Finally, as the air is discharged from the compressor ,

it must pass through an oil separator and a filter to

remove lubricant , aerosols and particulate before it

enters the accumulator .

Proper design of the air supply system leading into

and out of the compressor is essential if the

compressor is to perform according to its rating .

Unfortunately, these areas are often overlooked .

such

A pressure regulator should be installed between the

compressor outlet and the accumulator so that the

compressor is always working against a back

pressure. A compressor will only compress air to

meet the supply pressure demand . If no demand

exists , air will simply be pumped through the

compressor at essentially atmospheric pressure .

Systems within the compressor , such as the

intercoolers , are designed to perform with maximum

efficiency at the rated pressure of the compressor.

Operating at any pressure below this rating , reduces

the design efficiency of the unit . Additionally,

compression eliminates water vapor (absolute

humidity) from the air . Reducing the amount of

compression increases the amount of water vapor in

the air going to the diver.

The air supplied from the compressor will expand

across the pressure regulator and enter an

accumulator . As the pressure builds up in the

accumulator, it will eventually reach the relief

pressure of the compressor at which time the excess

air will simply be discharged to the atmosphere . Some

electrically-driven compressors are controlled by

pressure switches installed in the accumulator . When

the accumulator pressure reaches the upper limit , the

electric motor is shut off . When sufficient air has been
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1

Air To

Diver

Filter

Figure 6-55

Separator

Accumulator

Compressor

Pressure

Regulator

Schematic of major components of a

compressor-equipped air supply system .

of four or more of these flasks . A suitable system can

also be set up using other cylinders which are suited

to diving applications . Any cylinder to be used as a

diving air supply unit must bear appropriate DOT or

Navy symbols certifying that the cylinders meet high-

pressure requirements (See Chapter Five).

The complete air supply system includes the

necessary piping and manifolds , a high- pressure

strainer, a pressure reducing valve , and at least a

Air Intake 2-cubic-foot-volume tank . A high -pressure gage must

be located ahead of the reducing valve , and a

low-pressure gage must be connected to the volume

tank . (A detailed plan and bill of materials for such a

system is contained in BUSHIPS Plan 19738-S4904-

297223 Alt 2.)

drawn from the accumulator to lower its pressure to

some lower limit , the electric motor is restarted .

Electrically-driven compressors which are equipped

with this type of control system must never be used to

support diving operations which require air pressures

above the lower limit pressure setting .

All piping in the system must be designed and

installed to minimize pressure drops . Intake ducting ,

especially, must be of sufficient diameter that the

rated capacity of the compressor will not be limited.

All joints and fittings must be checked for leaks using

soapywater; all filters , strainers and separators must

be kept clean; lubricant , fuel and coolant levels must

be periodically checked .

Any diving air compressor , if not permanently

installed , must be firmly lashed in place . Most

portable compressors are provided with lashing rings

for this purpose ; however , it is recommended that

these rings not be depended upon to secure the unit at

greater than a 15 degree deck inclination .

HIGH PRESSURE AIR CYLINDERS 6.6.2.2

submarine high-pressure air cylinder (flask) is an

8-cubic foot tank designed to hold air at a rated

pressure of 3,000 psi . A convenient and satisfactory

diving air supply system can be achieved with the use.

In using this system , one tank must be kept in

reserve, and no more than two divers may be supplied

at one time . The divers take air from the volume tank

in which the pressure is regulated to conform to the

air supply requirements of the dive . The duration of

the dive will be limited to the length of time the

cylinders will provide air before being depleted to a

level that is 220 psi above the divers' working

pressure . As this level is approached , the divers must

be brought up from the bottom . The reserve tank may

be put on the line once the divers are on their way to

the surface and must be of sufficient capacity,

determined in advance , to support their decompres-

sion requirements .

If cylinder banks are used to back-up a compressor

supply, the bank must be manifolded with the primary

source so that an immediate switch from primary to

secondary air is possible .

Secondary

Supply

V
o
l
u
m
e

T
a
n
k

Pressure Regulator
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Typical High Pressure Cylinder Bank Air-Figure 6-56

Supply System Schematic .
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As with SCUBAoperations , the quantity of air which

can be supplied by a system using cylinders is

determined by the initial capacity of the cylinders and

the depth of the dive . The duration of the air supply

must be calculated in advance , and must include any

provisions for decompression stops .

Sample calculations for dive duration , based on

cylinder bank air supply, are presented in Sections.

6.1.2.3 , 6.2.2.3 , and 6.4.2.3 for the MK 5 Deep-Sea

Diving Outfit , the Diver's Mask USN MK 1 Mod 0 , and

the MK 12 SSDS , respectively . The procedure is

repeated below for reference . (Note: These calcula-

tions are based on approximations of the diver's air

consumption . Temperature correction factor , and

CO2 partial pressure in the air supply , unless

excessive , are insignificant . A discussion of effects of

temperature is presented following the calculation

below for reference and background edification . )

C.

Cylinder Bank

Pressure (psig )

Cylinder Working

Pressure (psig)

+ 14.7

+ 14.7

Total Air Air Capacity

Capacity Available at

X =

of Cylinder Cylinder Bank

Bank (scf) Pressure (scf)

Determine the pressure available to the diver at

depth:

1 .

2.

/Cylinder

Determine the absolute psi equivalent to

the diving depth :

Depth + 33

33

x 14.7 psi =

Absolute psi at

Depth of Dive

The psi available to the diver at depth may

then be determined :

Absolute psi 220 psig Pressure Avail-

Bank +14 7

Pressure

(psig )

at Depth of +

Dive

Minimum + 14 7

Bank

Pressure

Requirement

= able to Diver at

Depth (psi)

Problem - to determine a diver's maximum bottom

time when using a deep-sea or lightweight diving

system supplied with air from a bank ofcompressed

air cylinders .

Solution-The problem is solved in four steps: (1 )

Calculate the available capacity of the air supply and

the pressure available from the air supply for the diver

at depth; ( 2 ) the amount of air available at the diving

depth may then be calculated ; (3) calculate the

amount of air consumed by the diver per minute over

the time of the dive ; and (4 ) calculate the duration of

the dive (maximum bottom time) .

Step 1. Calculate the available capacity of the air

supply and the pressure available from the air supply

for the diver at depth . The step involves three

substeps :

A. Determine the total air capacity of the cylinder

bank:

Step 2. Calculate the amount of air available at the

diving depth :

Air Capacity

Available at

Cylinder Bank

Pressure

(scf)

Pressure Available

to Diver at Depth

X
(psi)

Cylinder Bank

+ 14.7

Pressure (psig )

Available Air

At Diving Depth

(scf)

Step 3. Calculate the amount of air consumed by the

diver per minute over the time of the dive :

Depth + 33

33

X

Diver's Estimated

Average Air

Consumption Over

Time of Dive

(acfm)

(See Table 6-5)

Average Air Con-

sumption Per

= Minute Over

Time of Dive

(scfm )

Step 4. Calculate the duration of the dive (maximum

bottom time):

Number of

Cylinders

in the

X

Bank(Minus 1

Rated Capacity

of Each Cylinder

(scf)

Total air

Capacity of

= the Cylinder

Bank

for

(scf)
Reserve)

Available Air

at Diving

Depth

(scf)

Number of

Divers

Including

X

B. Determine the air capacity available at the bank

pressure . (Absolute values of psi are used in this

and subsequent steps . )

Standby

Average Air

Consumption

Per minute

Over Time

of Dive

(scfm )

=
Maximum Bottom

Time in Minutes
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Note. If decompression is required , the quantity of air

needed to support the decompression of the diver

must be calculated to determine whether one cylinder

held in reserve is sufficient . Based on the applicable

schedule of the U.S. Navy Standard Air Table

(Chapter Seven ) , and the fixed ventilation flow rate for

the diving system used (Table 6-5) , the quantity of air

required for decompression is the sum of the quantity

of air needed at each stop :

Deleted by Change 2

Stop Depth + 33

33

x Ventilation x Stop Time =

(See Table 6-5)

Quantity

of Air

Needed

at Stop

The effect of temperature is usually not significant in

computing the duration of the air supply , unless

temperature conditions are extreme . In this event , the

General Gas Law discussed in Section 2.4.3.3

applies. To determine the affect of temperature on the

air supply volume , use the following formula :

V₁

T1

V2

T2

where V₁ = initial volume

T₁ = initial temperature ( absolute )

V2 = final volume

T2 = final temperature (absolute)

Rearranging the formula to solve for V2:

V2 =
V1T2

T1

Before substituting values and solving , convert the

temperatures from degrees Fahrenheit to the absolute

equivalents in degrees Rankine:

° R = ° F + 460°

This gives volume of the air supply at depth as

affected by temperature .

SHIPBOARD AIR SYSTEMS 6.6.2.3 Many Navy

ships have permanently- installed shipboard air supply

systems which provide either low-pressure , high

volume air for operating pneumatic equipment, or

high-pressure air for charging air-driven torpedo

systems . Shipboard HP Systems frequently have their

capacity expressed in cubic feet per hour at the

compressor rated pressure instead of CFM at

atmospheric pressure . These systems may be used in

support of diving operations provided they meet the

fundamental requirements of purity, capacity and

pressure .

In operation , a volume source (such as a diesel or

electrically-driven compressor) pumps air into an

accumulator , which is simply a storage tank . The

compressor will automatically keep the accumulator

"full ," as long as the amount of air being used bythe

diver does not exceed the capacity of the

compressor. The ability of a given unit to support a

diving operation may be determined from the capacity

of the system . For example :

A shipboard H.P. compressor is rated at 10 cubic feet

per hour, or .167 acfm at 2,500 psi . This is equal to

171 atmospheres absolute [ (2500 / 14.7) + 1 ] and an

output of .167 acfm would equal .167 x 171 or 28.5

scfm at surface pressure . Referring to Figure 6-16 , ■

we find that this system could provide the necessary 6

acfm to two divers (diver and standby) using the MK 5

Deep-Sea diving dress to a depth of 30 feet . However,

unless a backup system capable of supporting the

divers is available , this system should not be used for

diving .
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DIVER COMMUNICATIONS 6.7

The surface-supplied diver has one or two means of

communicating with the surface , depending on the

type of equipment he is using . If he is using the

deep-sea outfit or the lightweight outfit with the diver's

mask USN MK 1 , or if he is using the newer MK 12

SSDS in either configuration , he has both voice

communication and line- pull signs available to him .

With these systems , voice communications will be the

primary means of communication . Line- pull signals.

will be used only as backup . If the diver is using the

Jack Browne lightweight mask, his only available

means of communication is through line- pull signals .

Direct diver-to-diver conversations are possible with

the standard MK 5 helmet , since the metal of the

helmet serves as a sound conductor . The two divers

need only touch helmets to talk with each other. Other

diver communications may be the same as used in

SCUBA operations : diver-to-diver hand signals , slate

boards, and signal flares.

Diving Intercommunication Systems 6.7.1 There

are three types of diving intercommunication systems

presently available for Navy diving operations:

-Model 1 Diver's Intercommunication System

(MIL- I - 16421B) , used with the MK 5 deep-sea

diving outfit.

-Model 2 Diver's Intercommunication System

(MIL-I -016421C) , used with either the deep-sea

diving outfit or the lightweight diving outfit with the

diver's mask USN MK 1 .

-Diver's Intercommunications
Set (Helle) , is

designed to be used with the MK 5 and MK 12

deep-sea diving outfits , and USN MK 1 Mod 0.

Each system provides hardwire communications to at

least two divers from a common amplifier on the

surface . The major components of each system

include the diver's speakers and microphones ,

combination life-line and amplifier cables for each

diver, an amplifier, and the tender's speaker and

microphone .

MODEL 1 DIVER'S INTERCOMMUNICATION SYS-

TEM 6.7.1.1 The Model 1 Intercommunication

System , shown in Figure 6-57 has provided voice

communications to deep-sea divers for over thirty

years . This time proven equipment consists of—

-the diving amplifier

-The diver's reproducer

-the combination life - line /amplifier cable

The diving amplifier is the basic power unit and

control panel for the intercom system . It includes a

combination speaker/microphone , selector switches

permitting communications with an many as three

divers, and volume and tone controls for each diver.

The tone controls are often useful in reducing the

interference from background noise. Low-frequency

machinery noise can be partially masked out by

boosting the treble . Increasing the bass will

sometimes minimize the high-frequency hiss of air in

the helmet and valves.

The amplifier can be powered by 12 volt DC, 110 volt

DC or 110 volt AC, and an individual power jack and

power cord is provided for each supply. ONLY ONE

POWER SOURCE MAY BE USED AT A TIME ;

otherwise , the unit will short-circuit . Jack covers

should always be placed on the power inputs which

are not in use.

The intercom system is operated by a designated

tender at the diving station . This tender monitors

voice communications and keeps an accurate log of

significant messages . All hands on the diving station ,

however, are usually able to hear the communications

from the divers .

In normal operations the messages from all the divers

will be continually monitored at the station . To pass a

message back to one diver , the operator must

depress the appropriate " tender-to-diver" switch .

Only that diver will hear the talker . Diver- to -diver

communications are controlled by the intercom

operator through manipulation of " Diver-to - Diver"

switches .
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Because the diver-to-diver circuit can handle only a

one-way communication , talker procedures similar to

those used on a voice radio circuit are employed . For

example, a conversation between two divers will be

handled in this manner:

One diver initiates the conversation by telling the

tender, "Red diver calling green diver" . The ten-

der presses the key for " tender to red diver" and

says, "go ahead" . He immediately releases that

key and depresses the appropriate " diver-to-

diver" key. Red diver gives his message to green

diver, and when finished , will say "Over" . The

tender must then release the first diver-to-diver

key and depress another to permit green diver to

talk with red diver . When green diver is finished ,

he will also say "Over" . This switching back and

forth will continue until the divers signify " end of

call" , at which time the tender will return all

switches to their normal position .

Other " radio terminology" should be avoided , and

conversation kept brief and simple . All persons using

the intercom system should lower the pitch of their

voices and take care to speak slowly and distinctly.

The amplifier should always be grounded to guard

against shock to the tender or to the diver . The ground

may be provided by a grounded power source , but

since the unit may frequently be used on battery

power when operating from a wooden boat or raft , a

separate grounding post is provided . This may be

Figure 6-57 Model 1 Diver's Intercommunication System .

VOLUME

SIVER
COMMUNICATION

AMPLIFIER

Figure 6-58 Model 2 Diver's Intercommunication System .

connected using #10 gage wire or larger with a metal

diving ladder or any other metal which is in contact

with the water.

From one to three divers are connected with the

amplifier unit by the combination life-line/amplifier

cable . The topside end of this cable is plugged into

appropriately numbered or color-coded diver's jacks

on the right side of the unit . Unused jacks should be

kept covered .

The diver's reproducer , mounted in the Mark V helmet

between the top and left ports , serves as a dual

microphone/speaker .

MODEL 2 DIVER'S INTERCOMMUNICATION SYS-

TEM 6.7.1.2 The Model 2 Intercommunication

System , Figure 6-58 , is similar to the Model 1 System

except that it is a party-line system . This means that

any diver may talk to any other diver and to the

tender without switching . The tender may connect

himself into the party system or through appropriate

switching , he may interrupt all conversation to speak.

Each diver station is equipped with a microphone ,

pre-amplifier and a set of ear phones . When used with

the MK 1 mask , bone conductor ear phones are

installed . If used with the Mk V helmet , the standard

reproducer must be taken out of the helmet and

replaced with a microphone-pre-amplifier-headset

combination which matches the characteristics of the
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Model 2 System . Also , the amplifier cable must be

rewired to match the Model 2 cable configuration .

A 300 foot , 4-conductor , shielded cable (FSS-2 )

connects each diver with the Model 2 Amplifier . This

waterproof amplifier , measuring approximately 16"

deep x 16 1/2 " wide x 10 " high and weighing about

33 pounds , may be powered by an internal 24 volt

battery pack, an external 18-28 VDC supply or an

external 50-60 Hz 120 VAC (80-130 VAC) supply.

The tender may operate the system using either the

built-in loudspeaker and hand-held microphone , or via

the headset and boom-mounted microphone . His

controls consists of a tone control , which regulates

the frequency response to the amplifier , and four

volume controls , one for each diver and one for

himself.

DIVER'S INTERCOMMUNICATIONS SET 6.7.1.3

The Diver's Intercommunication Set ( Figure 6-59) is a

surface/underwater system which allows communi-

cations between the tender and up to three divers . It

is designed to provide clear , reliable communications

for all surface supplied helmets and masks . Included

in the system is voice correction circuitry which

compensates for the distortion caused by divers

speaking in a helium-oxygen atmosphere .

Line-Pull Signals 67.2 A line-pull signal consists ■

of one or a series of sharp , distinct pulls on the line

which are strong enough to be felt by the diver but not

strong enough to pull him away from his work . For a

signal to be felt by the diver , all slack must be taken

out of the line before the signal is given .

The line-pull signal code has been established over

many years of experience . Standard signals are

applicable to all diving operations ; special signals

may be arranged between the diver and tender to

meet particular mission requirements . Most signals

must be acknowledged as soon as they have been

received . This acknowledgement consists of replying

with the same signal . If a signal is not properly

returned by the diver, the signal should be re-sent

from the surface . A continued absence of

confirmation must be assumed to mean one of thre

things-

-the line has become fouled

-There is too much slack in the line

-the diver is in trouble .

Two wires are connected via either the front or rear

panel connector from the surface unit to the

communication equipment in each diver's helmet .

The communication system is equipped with both a

receiver and a microphone . The diver's voices are

continuously being received on the surface . Should

the surface tender wish to speak with any or all of the

divers, he can do so by exercising the controls on the

front panel . The surface tender can actuate switches

on the front panel which also allow one diver to

communicate with the other two divers. All

communications controls are located at the surface .

It is necessary , therefore , for a surface tender to

monitor and control the Diver's Intercommunication

Set at all times .
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Figure 6-59 Diver's Intercommunication Set (Helle) .
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If communication is lost , the Diving Supervisor must

be immediately notified , and steps taken to identify

the problem . The situation should be treated as an

emergency (see section 8.5.1.6 , Emergency Proce-

dures for Loss of Communications) .

There are two line- pull signals which need not be

answered immediately . One of these , from diver to

tender, is " Haul me up" . Sending an acknowledge-

ment will merely waste time , as the diver will quickly

know that the action is being taken . The other signal ,

from tender to diver , is " Come up" . This signal must

not be acknowledged until the diver is ready to leave

the bottom . If for some reason the diver cannot

respond to the order , he must communicate the

reason via the voice intercom system or through the

line- pull signal meaning " I understand you " , followed

(if necessary) by an appropriate emergency signal .

A special group of " Searching Signals " is used by the

tender to direct a diver as he moves along the bottom .

These signals are duplicates of standard line- pull

signals , but their use is indicated by an initial

seven- pull signal to the diver . This means , "interpret

succeeding signals as searching signals" . When the

tender wants to revert to standard signals , he sends a

seven-pull signal which means " searching signals are

no longer in use . " Only the tender uses search

signals ; all signals from the diver are standard

signals. To be properly oriented for the use of

searching signals , the diver must position himself

facing the line ( either his life-line or a descending line ,

if a distance line is being employed) .

Both the standard and searching line-pull signals are

given in Table 6-6.

DIVING TECHNIQUES AND PROCEDURES 6.8

Preparing to Dive 6.8.1 The pre-dive activities

for a surface-supplied diving operation will involve

many people, and include thethe inspection and

assembling of equipment, activation of air supply

systems, and dressing the divers.

A comprehensive Pre-Dive Checklist should be

developed to suit the requirements of the diving unit.

and of the particular operation . This is in addition to

the general Planning Checklist and the Safety

Checklist, both of which were discussed in Chapter

Four . A suggested Pre-Dive Checklist is presented in

Appendix K.

Layout Gear-The first step in preparing for an actual

dive as contrasted with the planning and prepara-

tions necessary for the over-all operation-is to

assemble and check all equipment. The best method

for assuring that no itemis overlooked is to use a

carefully prepared checklist. The list should cover all

items and equipments which must be on hand at the

diving station including diving dress , accessories ,

tools , first aid supplies , decompression tables , line ,

shackles, spare parts and connectors for hoses and

cables , and , in general , everything known to be

needed or likely to be needed during the planned dive.

The diving station should be neatly organized with all

diving and support equipment assigned to a specific

location-and placed there . Deck space should not

be cluttered with gear , and particular items of

equipment which could be damaged by being stepped

on should be placed out of the way (preferably offthe

deck) . A standardA standard layout pattern should be

established and followed so that all members of the

diving team will always know where to find any piece

of equipment . As gear is being laid out , each item

must be examined for sign of wear , rot , damage and

missing components.

Activate air supply-Check the primary and

secondary air supply systems and insure that

competent personnel are on station to operate and

stand watch over the systems . Start the air

compressors of the divers ' air system and check for

proper operation , and check the pressure in the

accumulator tanks . If high-pressure air cylinders are

being used , check the manifold pressure and verify

that a sufficient quantity of air is on hand for the

operation . If a compressor is being used as a

secondary air supply, it must be started and running

throughout the dive . Verify that the air supply meets

purity standards .

Checkthe non- return valve-Verify proper operation

by attempting to blow smoke through the valve . ( Re

Section 6.1.5.3)
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■ TABLE 6-6 -LINE-PULL SIGNALS

From tender to diver

1 Pull "Are you all right?"

When diver is descending , one pull

means " stop . "

2 Pulls "Going down"

3 Pulls

During ascent , 2 pulls mean you have

come up too far , go back down until we

stop you . "

"Stand by to come up''

4 Pulls "Come up"

2-1 Pulls "I understand , " or " answer the

telephone''

Special signals from the diver

"Send me a square mark"

"Send me a line"

1-2-3 Pulls

5 Pulls

2-1-2 Pulls "Send me a slate "

Searching Signals-Without circling line

7 Pulls "Go on (or off) searching signals"

1 Pull "Stop and search where you are . "

2 Pulls "Move directly away from the tender if

given slack , move toward the tender if

strain is taken on the life line"

"Go to your right"3 Pulls

4 Pulls "Go to your left"

From diver to tender

1 Pull "I am all right" or " I am on the bottom "

2 Pulls " Lower" or " give me slack ''

Searching signals-With circling line

7 Pulls Same

3 Pulls "Take up my slack" 1 Pull Same

4 Pulls Haul me up" 2 Pulls

2-1 Pulls "I understand" or " answer the 3 Pulls

telephone" 4 Pulls

" Move away from the weight"

"Face the weight and go right"

"Face the weight and go left"

3-2 Pulls "More air"

4-3 Pulls " Less air"

EMERGENCY SIGNALS

2-2-2 Pulls "I am fouled and need the assistance of

another diver"

3-3-3 Pulls "I am fouled but can clear myself"

4-4-4 Pulls "Haul me up immediately"

ALL SIGNALS WILL BE ANSWERED AS GIVEN-

EXCEPT FOR EMERGENCY SIGNAL 4-4-4
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Attach air hose to air supply and helmet or

mask-With air control valve closed , pressurize the

hose to the planned operating pressure . Check the

hose and all fittings for leaks by sound or with soapy

water. Open the air control valve and allow air to flow

through the helmet or mask to purge the system of

any contaminants .

Attach the life-line/communications cable to the

helmet , or make intercom connection to MK 1 mask ,

and test the intercom in all modes of operation .

Take depth soundings- check descending line ,

stage , stage lines and connections . Insure that

decompression stops are properly marked .

Check the recompression chamber- insure that all

necessary equipment and a copy of recompression

treatment tables are on hand , and in the chamber if

appropriate . Verify the presence of two stop watches

and decompression tables . Make certain that an

adequate air supply is ready for immediate

pressurization of the chamber and that the oxygen

supply system is charged and ready for operation .

When the diving supervisor is satisfied that all

equipment is on station and in good operating

condition , the next step is to dress the divers . This is

the responsibility of the tender . When using deep-sea

gear, more than one tender or helper will be needed

to assist with dressing the diver . The proper dressing

procedure to be followed for each type of diving dress

is presented in Figures 6-17 and 6-46.

Diving Supervisor Pre- Dive Checkout 6.8.2 The

Diving Supervisor should conduct a final pre-dive

checkout of the diver just before he enters the water.

This checkout should cover the following points-

-briefly review the dive plan with the diver.

-verify that the divers have been properly dressed.

-with MK 5 deep-sea gear , check the helmet safety

lock , cotter pin , and adjustment of the jock strap .

-verify that the air control valve and the exhaust

valve are adjusted for proper initial flow of air.

-test the intercom .

-verify that all necessary accessory equipment and

tools for the diver are ready to be carried down by,

or sent to , the diver.

-verify that the entire dive team , particulary the

tenders , is ready for the diver to begin .

-verify that all of those items in the Pre-Dive

Planning Checklist (Chapter Four) particularly

those requiring notification of the OOD, of other

ships in the vicinity , etc.-have been completed .

Entering the Water 6.8.3 When entering the water

by ladder, the diver must be assisted by the tenders .

His movements must be slow and cautious , especially

when nearing the water, to guard against being

pushed or lifted off the ladder by wave action .

If entering by stage , the diver should center himself

on the platform or seat and have a good grip on the

bails . When standing , his feet must be apart and his

legs kept straight . Upon signal from the Diving

Supervisor, the winch operator and line handlers

should take a strain on the stage line ; then , following

appropriate signals , they should lift , guide and lower

the stage to the water , using the stage line and

steadying lines . Visual signals for winch operators are

illustrated in Table 6-7.

Should a diver in the lightweight outfit jump into the

water, he must maintain a grip on the facemask and

the tender must be sure to provide sufficient slack in

the lifeline and air hose.

As the diver enters the water , he checks for leaks in

his suit or air connections . The tender or another diver

can be of assistance by looking for any tell-tale

bubbles . A communications and time-check is made.

This is the time to report any malfunctions or

deficiencies not previously noted . When satisfied that

he is ready in all respects to begin the dive , the diver

notifies the Diving Supervisor . At this point, the

tenders haul the diver over to the descending line.

If the diver must swim a short distance (although this

is undesirable because of the possibilities of fatigue or
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CO2 build-up( he should adjust his buoyancy so that

he is floating in a vertical position with his faceplate

just out ofthe water . When ready to move , he pushes

free of the ladder or stage and swims with a

dog-paddle arm stroke , using his legs in a circular

pedalling motion . As he begins to move , the tender

must pay out the lifeline and air hose so that the drag

will not hold the diver back . If the diver tends to tip

forward during swimming , the weight belt is being

worn too high and the diver should be returned to the

deck for proper equipment adjustment .

When in position for descent , the diver adjusts for

negative buoyancy , and signals his readiness to the

Diving Supervisor . If he was required to make a

surface swim , he must be directed to ventilate priorto

descent .

■ Descent 6.8.4 Descent may be accomplished with

the aid of a descending line or as a passenger on the

stage. By what ever method , topside personnel must

ensure that air is being supplied to the diver in

sufficient quantity and at a pressure sufficient to offset

the effect of the steadily increasing water pressure .

The air pressure must also include an overbottom

pressure allowance , to protect the diver against a

serious squeeze if he should fall .

While descending , the diver should adjust his air

supply so that he breathes easily and comfortable ,

with a pressure balance that permits the diving dress

to press closely to his body (short of squeeze) while

not upsetting his stability. The diver should continue to

equalize the pressure in his ears , as necessary,

during descent and must be on guard for any pain in

the ears or sinuses , or any other warning signals of

possible danger . If any such indications are noted , the

descent should be halted . The difficulty may be

resolved by ascending a few feet to regain a pressure

balance, but if this is not effective , the diver should be

returned to the surface .

Some specific instructions for descent are-

A. With a descending line , the diver locks his legs

around the line and holds on to the line with one hand .

The other hand will remain on the air control valve so

that adjustments can quickly be made.

Figure 6-60 Entering the water on wreck.

B. In a current or tideway, the diver should

descend with his back to the flow so that he will be

held against the line and not pulled away from it. Ifthe

current measures more than 1.5 knots , the diver

should wear additional weights or descend on a

weighted stage so that his descent will be as nearly

vertical as possible .

C. When the decompression stage is used for

descent, it is lowered with the aid of a winch and

guided to the dive-site by a shackle around the

descending line . The diver stands in the center of the

stage, maintaining balance by holding on to the side

bails . Upon reaching the bottom , he steps back offthe

stage toward the same side from which he entered to

avoid fouling his lines on the stage.

D. The maximum rate of descent , by any method,

is 75 per feet per minute . The actual rate of descent,

which may be considerably less, will be governed by

such factors as the diver's ability to clear his ears, by

environmental conditions such as currents and

reduced visibility , and the need to approach an

unknown bottom with caution .

E. The diver should signal his arrival on the

bottom , and quickly checks bottom conditons. If the

conditions are radically different than expected, he

will report his observations to the Diving Supervisor

and if there is any doubt about the safety of the diver

or his readiness to operate under the changed

conditions , the dive should be aborted .

F. The diver should thoroughly ventilate his

helmet when he arrives on the bottom and at

subsequent intervals as he feels necessary and as

directed from the surface .
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Figure 6-61 Entering the water via stage.

■ Underwater Procedures 6.8.5
Upon reaching.

the bottom , and before leaving the area of the stage

or descendingline , the diver should pause to adjust

his buoyancy and to make certain that his air supply is

adequate .

He should adjust his air flow to the point at which the

weight of the helmet group will just be lifted from his

shoulders without having lost the necessary negative

buoyancy.

The diver should also check his physical condition , to

satisfy himself that his helmet or mask is being

properly ventilated . While standing at rest, he should

feel comfortable and be breathing normally. If he is

experiencing rapid breathing , panting or shortness of

breath , abnormal perspiration or undue sensation of

warmth, dizziness , unclear eyesight or if the helmet

ports have become cloudy, there is probably an

accumulation of excess CO2 in his helmet. He should

immediately increase the flow of air by simultaneously

opening the air control and the exhaust valves . Proper

TABLE 6-7

WINCH HAND SIGNALS

"Raise the load"

"Raise the load slowly❞

"Stop"

"Lower the load"

"Lowerthe load slowly❞
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ventilation and inflation of the deep-sea dress is

usually obtained with the exhaust valve opened 2 1/2

or 3 turns, and the air control valve adjusted

accordingly.

Next, the diver must orient himself to the bottom and

the work site, using such clues as the lead of the

lifeline and air hose , natural features on the bottom ,

the direction of current and the position of the sun . He

must always keep in mind , however, that bottom

current may not match the surface current , and in any

event , the direction of current flow and the position of

the sun may change significantly during the period of

the dive. If he has any trouble in determining his

orientation , the tender can guide him by use of the

line-pull searching signals .

The diver is now ready to move off to the work site ,

and to begin his assignment.

■ Underwater Techniques 6.8.6

■ MOVEMENT ON THE BOTTOM 6.8.6.1

-before leaving the descending line or stage , insure

that the lifeline and air hose are not fouled with the

lines .

-loop one turn of the lifeline and air hose over an

arm ; this will act as a buffer against a sudden surge

or pull on the lines .

-proceed slowly and cautiously, both for safety and

to conserve energy.

-if obstructions are encountered , adjust buoyancy to

pass over the obstruction , rather than under or

around . If you must pass around an obstruction ,

make sure that you later return to the same side , to

avoid fouling lines.

-to alter buoyancy in Mk5 equipment for short

periods of time without disturbing the normal

adjustment of the air control and exhaust valves ,

the chin button inside the helmet may be used.

By pushing the button with the chin , the exhaust

valve will be fully opened , resulting in rapid

deflation of the dress . By pulling the button with

Figure 6-62

Decending Line .

D

0 0 0 0 0.

Correct Method for Descending on a

the lips , the exhaust will momentarily be shut off

and rapid inflation will occur . The spitcock may

also be used for regulation of airflow.

-any adjustments to the air control valve should be

made with small , cautious increments . The com-

bined maximum discharge of the exhaust valve and

the spitcock is equal to the quantity of air that will

flow through an air control valve that is only

one-half open .

-The air control valve should never be completely

closed , except in the event of a hose rupture or if
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the air hose is being replaced . The valve might be-

come stuck in the closed position .

-if the air supply should fail or be reduced , the non-

return valve will automatically be fully seated by

the pressure differential . The exhaust valve and the

spitcock, if open , must be immediately closed by

hand.

-when using buoyancy adjustments to aid in move-

ment, the diver must avoid " bounding " along the

bottom ; all movements should be controlled .

-if the current is heavy, it may be best to stoop or

crawl , to reduce body area exposed to the flow . In-

flation of the deep-sea dress must be adjusted to

compensate for any change in depth , even if only a

few feet are involved .

-moving on a rocky or coral bottom , take care that

lines do not become fouled on outcroppings ; guard

against tripping and getting feet caught in crev-

ices . Watch out for sharp projections which can cut

hoses, diving dress or unprotected hands . The

tender must be particularly careful to take up any

slack in the lifeline and air hose to avoid fouling .

-on a gravel bottom , especially when walking on a

slope , the diver must be on guard against slipping

and falling .

-Over a muddy bottom , avoid unnecessary move-

ments so that the bottom will not be stirred up

and impair visibility . If wearing deep-sea dress ,

slightly increase buoyancy to keep out of the mud

if possible . However , if penetrating the mud, relax

and gradually work out be adjusting buoyancy and

wriggling the body to break the suction of the mud .

CAUTION: avoid over-inflation and be aware of the

possibility of blowup when breaking loose . It may

be better to call for aid from the stand-by diver than

to risk blowup. One thought should be kept in mind:

mud , silt or quicksand are really just "thicker

water" -not solid enough to support the body, but

still with greater density than water. When neces-

ary, divers have spent many hours actually working

under mud without undue problems . The primary

hazard with mud bottoms comes from the conceal-

ment of obstacles and dangerous debris .

SEARCHING ON THE BOTTOM 6.8.6.2

-the primary method for searching on the bottom is

with distance line , with the descending line as

the base point of the search . The first sweep is

made with the distance line held taut at a point

determined by the range of visibility: the descend-

ing line should , if possible , be in sight or if visibility

is near zero , within reach . The starting point should

be established by a marker, a line , orientation with

the current or the light , signals from topside , or a

wrist compass . After a full 360 degree sweep has

been made, the diver moves out along the distance

line another increment (roughly double the first)

and makes a second sweep in the opposite direc-

tion to avoid twisting or fouling his lifeline and air

hose.

-if the object is not found when the end of the dis-

tance line has been reached , the base point (the

descending line) should be shifted . Each base point

in succession , should be marked by a buoy to avoid

unnecessary duplication in the search . If the

search becomes widespread , many of the marker

buoys can be removed , leaving only those which

mark the outer limits of the area .

-if the diver is unable to make a full circle around the

descending line , because of excessive current or

obstructions , the search pattern should be adjusted

accordingly.

-a linear search pattern can be established by laying

two large buoys and setting a line between them. A

diving launch , with a diver on the bottom , can

follow along the line from buoy to buoy,

corrdinating progress with the diver who is search-

ing to each side of the base line thus established .

-once the object of a search is located , it should be

marked . The diver can secure the distance line to

the object as an interim measure , while waiting for

a float line to be sent down.

UNUSUAL SITUATIONS 6.8.6.3

-when working around corners , where the lifeline

and air hose are likely to become fouled or where

line-pull signals may be dissipated , a second diver
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should be sent down to tend the lines of the first

diver at the obstruction and pass along any line-

pull signals . Such signals would be passed on the

first diver's lines; the second diver would use his

own lines only for signals directly pertaining to

his own situation .

-when working inside a wreck,the same procedure

should be followed . This technique applies to the

tending divers as well : every diver who penetrates

a deck level must have his own tending diver at the

level-or levels-above him . Obviously , an opera-

tion requiring penetration through multiple deck

levels will require detailed advanced planning in

order to provide for the proper support of the num-

ber of divers required.

-enter any confined space feet first and never

force through an opening which is just barely large

enough for entry.

-when working under the bottom of a ship , the

diver should not work on the opposite side of the

keel from his tender . Such movement would inter-

fere with proper line tending . In ship repair and sal-

vage , consideration should be given to need for

special rigging and staging .

-if working with or near lines or moorings , some

specific precautions are required-

A.

B.

C.

D.

Stay away from lines under strain .

Avoid passing under lines or moorings if at all

possible; avoid brushing against lines or

moorings which have been in the water long

enough to become encrusted with barnacles .

If a line or mooring is to be shifted , the diver

must be brought to the surface and , if not

removed from the water, moved to a position

well clear of any hazard .

If a diver must work with several lines-

as messengers , float lines, lifting lines , etc.-

each should be distinct in character (size

or material) or marking (color codes , tags ,

wrapping) .

E.

F.

NEVER CUT A LINE UNLESS IDENTIFICA-

TION IS POSITIVE.

When making preparations to lift heavy

weights from the bottom , the lines selected

must be of sufficient strength , and the sur-

face platform must be positioned directly

over the object to be raised . Prior to thelift ,

the diver will leave the water.

Job Site Procedures 6.8.7 The range of jobs with

which a diver may become involved is wide. Many

jobs must follow detailed work procedures and may

require specific pre-dive training to ensure familiarity

with the work . The U.S. NAVY UNDERWATER WORK

TECHNIQUES MANUAL ( NAVSEA 0994- LP- 007-

8020) presents guidance for most commonly encoun-

tered jobs-including such assignments as clearing

fouled propellers , patching collision damage , replac-

ing underwater valves or fittings , preparing for sal-

vage of sunken vessels and recovery of heavy objects

from the bottom .

For most underwater work , the diver will need to use

appropriate tools . Many of these are standard

hand-tools (preferably made of corrosion- resistant

materials) , and others are specially designed for

underwater work . A qualified diver will become

familiar with the particular considerations involved in

working with tools underwater , whether the tool be a

screwdriver or a welding torch . Hands-on training

experience is the only way to get the necessary skills .

In working with tools certain basic rules always

apply-

A. Never use a tool that is not in good repair. If a

cutting tool becomes dulled from use , it should be

returned to the surface for sharpening.

B. Don't overburden the worksite with unneces-

sary tools , but at the same time , arrange to have all

tools which may be needed , readily available.

C. Tools may be secured to the diving stage by

lanyard , may be carried in a tool bag looped over the

diver's right arm , or may be lowered on the descend-

ing line using a riding shackle and a light line for

lowering . Power tools should be sent down ahead of

the diver and should be returned to the surface before
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the diver makes his ascent . It is good practice to have

lanyards attached to all tools , connectors , shackles ,

and shackle pins .

D. The diving stage itself may be used as a work-

site . Such use permits organization of tools while

providing for security against loss . The stage can also

help give the diver leverage or stability needed when

applying force (as to a wrench) or when working with

a power tool which will tend to transmit a force back

through the diver.

E. The diver can also obtain leverage through the

use of a hogging line , tied to the work, and also to

keep him in close proximity to his task without

continually having to fight a current .

F. In addition to knowing how to use a variety of

tools , the diver must also be experienced in the use of

various materials , such as cement , foam plastic , and

patching compounds . Diver training programs should ,

when possible, include practice in mixing and placing

such materials .

MUD TANKS AND CONFINED SPACES 6.8.7.1

Guidelines for approved diving procedures for work in

mud tanks and confined spaces when wearing the

diver's mask USN MK 1 Mod 0 or the Jack Browne

mask are contained in Sections 6.2 and 6.3 ,

respectively . These guidelines have been established

to ensure positive air supply to the diver using

lightweight diving equipment to perform such work at

depths to 40 fsw.

EMERGENCY PROCEDURES 6.8.7.2 The subject

of emergency procedures is covered in detail in

Chapter Eight of this manual . However, there are a

number of problems which a diver is likely to

encounter in the normal range of activity which , if not

promptly solved , can lead to full-scale emergencies .

These problems-and the appropriate action to be

taken , are-

-loss of distance line . First , search carefully within

arm's reach . If the line is not located , DO NOT

enter into an area search , but inform the tender of

the loss. In water less than 40 feet deep , the tender

will haul in the lifeline and an air hose , and attempt

to guide the diver toward the descending line . The

diver, coming up near the line , may make contact

before too long . He should then signal "lower" to

the tender , and return to his work . In water over 40

feet deep, the tender will guide the diver to the

descending line with search signals .

-fouled lines . As soon as a diver discovers that his

lines have become fouled , he must stop and think.

Pulling or tugging , without a plan , may only serve to

increase the problem and could lead to a cut hose .

The tender should be notified , if possible (the foul-

ing may prevent transmission of line-pull signals) .

If the lines are fouled on some obstruction , re- trac-

ing steps should free them . If the lines cannot be

unfouled quickly and easily, the stand-by diver

must be sent down to assist . He will be sent down

as normal procedure should communications be in-

terrupted and the tender not be able to haul the

diver up . The stand-by diver , following down the

first diver's lifeline and air hose (as a descending

line) , should be able to trace the foul and release

the lines . If it is impossible to free the first diver,the

stand-by diver will signal for a replacement lifeline

and air hose .

If the diver becomes fouled with the descending

line, and cannot easily un-foul himself , it will be

necessary to haul the diver and the line to the sur-

face , or to cut the weight free of the line and

attempt to pull it free from topside . If the descend-

ing line is secured to an object, or if the weight is

too heavy, the diver may have to cut the line before

he can be hauled up . For this reason , a diver

should normally not be permitted to descend on a

line that he cannot cut . If job conditions call for use

of a steel cable or a chain as a descending line , the

Diving Supervisor or Diving Officer must approve of

such use.

-to replace a cut or fouled air hose. The stand-by

diver first ties a lifeline around the diver's waist . He

then closes the air control and exhaust valves (and

spitcock if necessary) , and quickly uncouples the

hose coupling at the air control valve , and couples

on the new hose . If the air supply in the new hose

is flowing enough to form a small stream of bub-

bles , water will not enter the fouled diver's air sys-
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tem . The fouled diver should relax , and breathe

easily while the change over is being made . There

is enough air in the Mark 5 helmet to support 6 to 9

minutes of breathing.

-After the diver is receiving air from his new hose,

the stand-by diver should disconnect the lifeline/

amplifier cable from the diver's helmet and replace

it with the new one.

-falling . The principal danger from falling is the

sudden increase in pressure , which may not be

balanced by the overbottom pressure safety factor

in the air supply. Falls in shallow waters are more

serious than falls in deeper depths . In falling from

the surface to a depth of 33 feet , the pressure on

the body is doubled , and the volume is reduced by

one-half; while in falls from 165 feet to 198 feet ,

the pressure is increased by one-sixth and the vol-

ume reduced by 1/42 (to one-seventh of surface

volume) . The diver and the tender must always be

alert to the possibility of a fall . When working at

mid-depth in the water column , the diver should try

to keep a hand on the stage or rigging . He must be

careful about putting an arm over his head ,

however, as air may leak out around the edges of

the cuffs thus changing his buoyancy and increas-

ing the possibility of a fall . Should a fall occur, the

tender should catch the diver . When falling , the

diver should try to land on his right side , if at all

possible, to avoid accidental opening of the air

control valve and to prevent falling on the valve in

such a way that he cannot reach it with his hand .

damage to helmet and diving dress . For a

cracked faceplate the diver should keep the face-

plate down and slightly increase his air pressure to

prevent water leakage . For a leak in a diving suit

he need only remain in an upright position ; water in

in the suit will not directly endanger his safety .

The best safety factors are a positive , confident

attitude about diving and careful advance planning for

emergencies . When a diver finds himself in trouble

underwater, he should relax, avoid panic , communi-

cate his problem with the surface and carefully think

through the possible solutions to the situation .

Topside support personnel should implement emer-

gency job-site procedures as indicated . (see Chapter

Four, Operations Planning and Chapter Eight ,

Emergencies. )

Tending the Diver 6.8.8 The tender is directly

responsible for the safety of the diver. Before the

diver, the tender should carefully check the diving

dress , with particular attention to the exhaust valve ,

non-return valve , air control valve , dumbbell safety

lock, intercom system , helmet gasket , breastplate

studs, straps and nuts.

When the diver is ready, the tenders dress him and

then assist him to the stage or ladder- always

keeping a hand on the lifeline , close to the helmet,

and on the goosenecks , to prevent a fall . The tender

and a back-up man should always be on station to

help in handling the lines . As the diver enters the

water, the tender handles the lifeline and air hose.

This line should be led over a bulwark or deck edge

roller when ever possible and should be kept away

from sharp edges . The lines should never be allowed

to run free nor should they be belayed around a cleat

or a set of bitts . The lifeline and air hose must be

payed out at a steady rate to permit the diver to

descend smoothly . The tender should handle the lines

Figure 6-63 Tending the Diver around a corner .

SURFACE-SUPPLIED AIR DIVING OPERATIONS 6-91Change 2



from a point at least ten feet from the descending line.

If a stage is being used , the descent rate must be

coordinated with the winch operator or line handlers .

Throughout the dive , the tender must keep slack out

of the line while at the same time not holding it too

taut . Two or three feet of slack will permit the diver

freedom of movement and prevent him from being

pulled off his feet by surging of the support craft or the

force of any current acting on the line . The tender

should , from time to fime, " fish " the diver by taking in

on the short slack to make sure that movement by the

diver has not resulted in excessive slack . Too much

slack in the line will make signaling difficult , hinder

the tender from catching a fall , and increase the

possibility of fouling of the lines.

The tender should monitor both the lifeline and air

hose (by feel) and the descending line (by sight) , for

any line-pull signals from the diver . If an intercom is

not being used , or if the diver is " silent , " the tender

should seek an acknowledgement of condition by

query signal . If the diver does not answer , the signal

should be repeated and if still not answered , the

Diving Supervisor should be notified and the diver

should be checked over the intercom . It may be that

there is too much slack in the line , or that it has

become fouled , in which case the situation must be

corrected . If the diver does not respond to either

line-pull oror voice communication , the Diving

Supervisor should be notified and the stand-by diver is

put into the water to investigate . At the same time the

diver should be started up , depending on

circumstances .

The tender also constantly monitors the diver's

progress , and keeps track of his relative position . He

will do this by a number of methods-

-by following the trail of bubbles . If the diver is

searching the bottom , the bubbles should move in a

regular pattern ; if he is working in place , they

should not shift position . If he has fallen , the

bubbles may move rapidly off in a straight line .

-by feeling the pull of the lifeline and air hose.

-bywatching the pneumofathometer pressure gage ,

to keep track of the operating depth . The gage will

provide a direct reading , without the need to add

air, if the diver remains at a constant depth or rises.

If he descends , the hose will have to be cleared and

a new reading made.

Figure 6-64 Correct method of tending the diver.

Figure 6-65

munications from below.

Stand-by diver and tender monitor com-
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-by monitoring the gages on the supply systems for

any powered equipment.equipment . For
For example, the

ammeter on an electric welding unit will indicate

a power drain when the arc is in use ; the gas

pressure gages for a gas torch will register the flow

of fuel . Additionally, the '' pop '' made by a gas torch

being lighted will probably be audible over the inter-

com , and bubbles from the torch will break on the

surface giving off small quantities of smoke.

-by feeling vibration in the air-power lines of pneu-

matic tools.

The tender assigned to the intercom system should

also maintain an abbreviated circuit log ( or operate a

tape recorder) to record information or instructions of

more than routine significance . If the intercom

operator is also functioning as timekeeper , he should

have the additional responsibility for making accurate

log entries which will be used in the selection of

decompression tables and for entry in the diver's

individual records .

■ Ascent 6.8.9 To prepare for a normal ascent , the

diver should clear the job site of tools and equipment .

These can be returned to the surface by special

messenger lines sent down the descending line . Ifthe

diver cannot find the descending line and needs a

special line , this can be bent onto his lifeline and air

hose and pulled down by the diver . He must take care

not to foul the lifeline and air hose as it is laid down

beside him . The tender will then pull up the slack . This

technique is useful in shallow water , but not too

practical in deep dives.

The diving stage , if possible , should be positioned on

the bottom . If for some reason , such as fouling of the

diver's lifeline and air hose around the descending

line prevents sending the stage to the bottom , it

should be positioned below the first decompression

stop . The markers on the stage line will assist the

winch operator in setting the stage ; however, they are

not the primary means of determining the actual

decompression stops . Readings from the pneumo-

fathometer are the primary depth measurements .

If ascent is being made using the descending line or

the stage has been positioned below the first

decompression stop , the tender signals the diver

"stand-by to come up" when all tools and extra lines

have been cleared away. The diver acknowledges the

signal , increases his buoyancy slightly to ease the

weight that must be hauled up , and wraps a leg

around the descending line . The diver , however , does

not pull himself up nor lighten himself to "float"

toward the surface . the tender lifts the diver off the

bottom when the diver signals " Ready to come up,

and the tender signals " Coming up . Report when you

leave bottom . " The diver will so report .

If, during the ascent, the diver feels that he is

becoming too buoyant and may be rising too quickly,

he can check his ascent by clamping his legs on the

descending line and adjusting his buoyancy with the

exhaust valve.

The rate of ascent is a critical factor in

decompressing the diver and must be carefully

controlled at 60 feet per minute by the tender (25 feet

per minute if using the Surface Decompression Table

Using Oxygen) . He can most accurately monitor the

progress of the ascent with the pneumofathometer.

When the diver is nearing the level of the stage , he

should be warned by the tender so that he will avoid

colliding with it . As he reaches the stage , he climbs.

aboard and notifies topside that he is " on the stage . "

The stage is then brought the
brought up to

decompression stop .

first

Details of decompression procedure , including

explanation of the tables , are presented in Chapter

Seven.

In moving upward during the decompression periods ,

the diver must satisfy himself that he is not developing

any symptoms of physical problems . If he feels any

pain , dizziness , numbness , etc. , he must immediately

notify topside . During this often lengthy period of

ascent , the diver must also check to insure that his

umbilical is not becoming fouled on the stage line , the

descending line , or any steadying weights hanging

from the stage platform .

Upon arrival at the surface , the diver should take a

firm hold on the bails of the stage and signal his

readiness to the tenders . The topside personnel ,
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timing the movement as dictated by any surface wave

action , coordinate bringing the stage and the lifeline

and air hose aboard .

If the diver must leave the water via ladder, the

tenders must provide assistance . The diver will be

tired , the gear is heavy, and a fall back into the water

could result in serious injury . Under no conditions

should the faceplate be opened , or any equipment

removed , before the diver is firmly on deck .

Surface Decompression 6.8.10 Decompression in

the water column is time consuming , uncomfortable

and inhibits the ability of the support vessel to get

underway, whether because of weather, threatened

enemy action or to meet an operating schedule .

Further, the diver cannot be provided with medical

treatment if needed , and there is always the

possibility of severe chilling or accident . For these

reasons , decompression is often accomplished in a

surface chamber when one is installed on the support

ship.

However, in transferring a diver from the water to the

chamber, the tenders will be allowed no more than

3.5 minutes to undress the diver. In this time, they

must remove the helmet , weighted belt and shoes.

The diver may not smoke , nor can he take any

smoking materials into the chamber with him . The

hazards of fire , especially if oxygen is used to

facilitate decompression , are extreme . A tender, or

any diving medical personnel required by the nature of

the dive or the condition of the diver , must be in the

chamber, with any necessary supplies , well ahead of

the arrival of the diver . The time factor can be critical ,

and delays because of incomplete preparation cannot

be tolerated . Undressing of a diver for surface

decompression should be practiced until a smooth ,

coordinated evolution is developed.

Post-Dive Procedures 6.8.11 The immediate

post-dive activities of the diving team can be

considered in three general areas .

SAFETY OF THE DIVER-Administer any indicated

medical treatment , as for cuts or abrasions . Monitor

the general condition of the diver until satisfied that no

problems are likely to develop . The diver will remain

within 30 minutes travel time of the diving unit for at

least two hours after surfacing . A diver should not fly

for 12 hours after a decompression dive .

RECORDS AND REPORTS-The subject of records

and reports is covered in Appendix B. Certain

information must be logged as soon as the diving

operations are completed , while other record- keeping

can be scheduled when convenient . The timekeeper

is responsible for the diving log , which must be kept

as a running account of the dive . The diver is

responsible for making appropriate entries in his

personal diving record . Other personnel , as assigned ,

are responsible for maintaining equipment usage

logs . ㅁ
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CHAPTER SEVEN

AIR DECOMPRESSION

When air is breathed under pressure , as discussed in

Chapter Three, the inert nitrogen diffuses into the

various tissues of the body. Nitrogen uptake bythe

body continues, at different rates for the various

tissues, as long as the partial pressure ofthe inspired

nitrogen is higher than the partial pressure ofthe gas

absorbed in the tissues . Consequently, the amount of

nitrogen absorbed increases with the partial pressure

of the inspired nitrogen (depth) and the duration of

the exposure (time).

When the diver begins to ascend , the process is re-

versed as the nitrogen partial pressure in the tissues

exceeds that in the circulatory and respiratory sys-

tems . The pressure gradient from the tissues to the

blood and lungs must be carefully controlled to pre-

vent too rapid a diffusion of nitrogen . If the pressure

gradient is uncontrolled , bubbles of nitrogen gas can

form in tissues and blood which results in the devel-

opment of decompression sickness .

To prevent the development of decompression sick-

ness , special decompression tables have been estab-

lished . These tables take into consideration the

amount of nitrogen absorbed by the body at various

depths for given time periods . They also consider

allowable pressure gradients which can exist without

excessive bubble formation , and the different gas

elimination rates associated with various bodytissues.

Stage decompression , requiring stops of specific

durations at given depths, is used for air diving be-

cause of its operational simplicity . It will be found that

the decompression tables require longer stops at

more frequent intervals as the surface is approached

due to the higher gas expansion ratios which occur

at shallow depths (see page 2-16) .

The USN decompression tables are the result ofyears

of scientific study, calculation , animal and human

experimentation , and extensive field experience . They

represent the best overall information available , but

as depth and time increases, they tend to be less

accurate and require careful application . Lacking the

presence of a trained Diving Medical Officer or some-

one otherwise qualified , the tables must be rigidly

followed to ensure maximum diving safety . Variations.

in decompression procedures are permissible only

with the guidance of a qualified diving medical officer

in emergency situations.

Five different tables are discussed in this chapter and

each has a unique application in air diving . Four of

these tables provide specific decompression data for

use under various operating conditions . The remain-

ing table is employed in determining decompression

requirements for situations in which more than one

dive will be performed in a twelve-hour period.

DEFINITION OF TERMS 7.1

Those terms which are frequently used in discussions

of the decompression tables are defined as follows:

Depth-when used to indicate the depth of a dive,

means the maximum depth attained during the dive,

measured in feet of seawater.

Bottom Time-the total elapsed time from when the

diver leaves the surface in descent to the time (next

whole minute) that he begins his ascent, measured in

minutes.

Decompression Stop- specified depth at which a

diver must remain for a specified length of time to

eliminate inert gases from his body.

Decompression Schedule- specific decompression

procedure for a given combination of depth and

bottom time as listed in a decompression table; it is

normally indicated as feet/minutes .

Single Dive - any dive conducted after 12 hours of a

previous dive .

Residual Nitrogen - nitrogen gas , that is still dis-

solved in a diver's tissues after he has surfaced .

Surface Interval -the time which a diver has spent

on the surface following a dive; beginning as soon as

the diver surfaces and ending as soon as he starts his

next descent.

Repetitive Dive- any dive conducted within a 12-

hour period of a previous dive.

Repetitive Group Designation -a letter which relates

directly to the amount of residual nitrogen in a diver's

bodyfora 12-hour period following a dive.

Residual Nitrogen Time- an amount of time , in

minutes, which must be added to the bottom time of
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a repetitive dive to compensate for the nitrogen still

in solution in a diver's tissues from a previous dive.

Single Repetitive Dive- a dive for which the bot-

tom time used to select the decompression schedule

is the sum of the residual nitrogen time and the actual

bottom time ofthe dive.

TABLE SELECTION 7.2

The following tables are actual decompression tables :

Standard Air Decompression Table

No Decompression Limits and Repetitive

Group Designation Table

Surface Decompression Table Using Oxygen

Surface Decompression Table Using Air

They present a series of decompression schedules

which must be rigidly followed during an ascent fol-

lowing an air dive . Each decompression table has

specific conditions which justify its selection . These

conditions are basically depth and duration of the

dive to be conducted , availabity of a recompression

chamber, availability of an oxygen breathing system

within the chamber , and specific environmental con-

ditions such as sea state , water temperature , etc.

The Residual Nitrogen Timetable for Repetitive Air

Dives provides information relating to the planning of

repetitive dives.

The five air tables and the pertinent criteria for the

selection and application of each are listed in Table

7-1 . General instructions for using the tables and

special instructions applicable to each table are

discussed in Sections 7.4 and 7.5 respectively.

OMITTED DECOMPRESSION 7.3 Certain emer-

gencies may interrupt or prevent specified

decompression . Blow-up, exhausted air supply,

bodily injury and the like constitute such emergen-

cies . If the diver shows any symptoms of

decompression sickness or gas embolism , immediate

treatment using the appropriate oxygen or air

recompression treatment table is essential . Even if

the diver shows no symptoms of ill effects , omitted

decompression must be made up in some manner to

avert later difficulty.

TABLE 7-1 - Air Decompression Tables

Selection Criteria

TITLE

U. S. Navy Standard

Air Decompression

Table

No-Decompression

Limits and Repetitive

Group Designation

Table for

No-Decompression Air

Dives

Residual Nitrogen Time

Table for Repetitive

Air Dives

Surface

Decompression Table

Using Oxygen

Surface

Decompression Table

Using air

APPLICATION

No locally available

decompression chamber.

Conditions dictate in-water

decompression

permissible . Normal and

exceptional exposure dive

schedules. Repetitive dives

-normal decompression

schedules only.

Decompression not

required . Repetitive dives.

Repetive Group

Designations after

surface intervals greater

than 10 minutes and less

than 12 hours .

Residual Nitrogen

Times for repetitive

air dives.

Available recompression

chamberwith oxygen

breathing system .

Conditions dictate in-

water decompression

undesirable. No

repetitive dives .

Available recompression

chamberwithout an

oxygen breathing system

-or-

Diver forced to surface

prior to completing

decompression .

Conditions dictate in-

water decompression

undesirable. No

repetitive dives.
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Use of Surface Decompression Tables

The Surface Table Using Oxygen or the Surface Table

Using Air may be used to make up omitted

decompression only if the emergency surface interval

occurs at such a time that water stops are not

required or have already been completed .

Surface Decompression Tables Not Applicable

When the conditions which permit the use of the

surface decompression tables are not fulfilled , the

diver's decompression has been compromised .

Special care must be taken to detect signs of

decompression sickness , regardless of what action is

initiated . The diver must be returned to pressure as

soon as possible . The use of a recompression

chamber is strongly preferred over in -water

recompression .

When a Recompression Chamber is Available

Even if the diver shows no ill effects from his omitted

decompression , he needs immediate recompression !

Take him to depth as appropriate for Recompression

Treatment Table 5 , or 1A if no oxygen is available . If

he shows no ill effects , decompress him in

accordance with the treatment table . Consider any

decompression sickness developing during or after

this procedure as a recurrence .

When No Chamber is Available

Keep the diver at rest, provide a standby diver, and

maintain good communication and depth control .

Recompress the diver in the water following as nearly

as possible, the following procedure , which is based

on the Standard Air Decompression Table with 1

minute between stops-

-At 10 feet , remain for 1½ times the scheduled 10-

foot stop time .

GENERAL USE OF DECOMPRESSION

TABLES 7.4

Variations in Rate of Ascent 7.4.1 With the ex-

ception of the Surface Decompression Table Using

Oxygen, the rate of ascent for all dives is 60 feet per

minute . If the diver is to decompress according to the

-Repeat any stops deeper than 40 feet.

—At 40 feet , remain for one-fourth of the 10-foot stop

time .

-At 30 feet , remain for one-third of the 10-foot stop

time .

-At 20 feet , remain for one- half of the 10-foot stop

time .
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Surface Decompression Table Using Oxygen , his rate

of ascent should be 25 feet per minute . Since con-

ditions sometimes prevent these ascent rates from

being maintained , a general set of instructions has

been established to compensate for any variations in

rate of ascent . These instructions , along with examples

oftheir application , are listed below:

Example No. 1-

Condition-Rate of ascent less than 60 fpm , delay

occurs greater than 50 fsw.

Procedure-Increase BOTTOM TIME by the differ-

ence between the actual ascent time and the time if

60 fpm were used .

A dive was conducted to 120 feet with a

bottom time of 60 minutes . According to the

120/60 decompression schedule of the

Standard Air Decompression Table , the first

decompression stop is at 30 feet. During the

ascent the diver was delayed at 100 feet

and it actually took 5 minutes for him to reach

his 30 foot decompression stop . If an ascent

rate of 60 fpm were used , it would have taken

him 1 minute 30 seconds to ascend from 120

feet to 30 feet . The difference between the

actual and 60 fpm ascent times is 3 minutes

30 seconds. Increase the bottom time of the

dive from 60 minutes to 63 minutes 30 sec-

onds and continue decompression accord-

ing to the schedule which represents this

new bottom time ...the 120/70 schedule.

(Note from the Standard Air Decompression

Table that this 3 minute 30 second delay

increased the diver's total decompression

time from 71 minutes to 92 minutes 30

seconds-an increase of 21 minutes 30

seconds).

Example No. 2-

Condition - Rate of ascent less than 60 fpm delay

occurs less than 50 fsw.

Procedure-Increase TIME OF FIRST DECOMPRES-

SION STOP by difference between the actual ascent

time and the time if 60 fpm were used.

A dive was conducted to 120 feet with a

bottom time of 60 minutes. From the Standard

Air Decompression Table the first decom-

pression stop is at 30 fsw. During the ascent,

the diver was delayed at 40 feet and it

actually took 5 minutes for him to reach his

30-foot stop . As in the preceding example ,

the correct ascent time should have been

1 minute 30 seconds causing a delay of 3

minutes 30 seconds . Increase the length of

the 30 foot decompression stop by 3 minutes

30 seconds. Instead of 2 minutes , the diver

must spend 5 minutes 30 seconds at 30

feet. (Note that in this example, the diver's

total decompression time is increased by

only 7 minutes; the 3 minute 30 second delay

in ascent plus the additional 3 minutes 30

seconds he had to spend at 30 feet).

Example No. 3-

Condition-Rate of ascent greater than 60 fpm , no

decompression required , bottom time places the

diver within 10 minutes of decompression schedule

requiring decompression .

Procedure-Stop at 10 feet for the time that it would

have taken to ascend at a rate of 60 fpm.

A dive was conducted to 100 feet with a bot-

tom time of 22 minutes. During ascent, the

diver momentarily lost control of his buoy-

ancy and increased his ascent rate to 75

fpm . Normally, the 100/25 decompression

schedule ofthe Standard Air Decompression

Table would be used, which is a no-decom-

pression schedule . However, the actual

bottom time of 22 minutes is within 10

minutes of the 100/30 dive schedule which

does require decompression . The diver must

stop at 10 feet and remain there for 1 minute

and 40 seconds, the time that it would have

taken him to ascend at 60 fpm .

Example No. 4—

Condition- Rate of ascent greater than 60 fpm , de-

compression required.

Procedure-Stop 10 feet below the first decompres-

sion stop for the remaining time that it would have

taken if a rate of 60 fpm were used .
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A diver ascending from a 120/50 scheduled

dive takes only 30 seconds to reach his 20-

foot decompression stop. At a rate of 60

fpm his ascent time should have been 1

minute 40 seconds . He must return to 30

feet and remain there for the difference

between 1 minute 40 seconds and 30 sec-

onds, or 1 minute 10 seconds .

The rate of ascent between stops is not critical , and

variations from the specified rate require no

compensation.

Selection ofDecompression Schedule 7.4.2 The

decompression schedules of all the tables are given

in 10 or 20-foot depth increments and , usually, 10-

minute bottom time increments . Depth and bottom

time combinations from actual dives , however, rarely

exactly match one of the decompression schedules

listed in the table being used . As assurance that the

selected decompression schedule is always con-

servative-(A) always select the schedule depth to be

equal to or the next depth greater than the actual

depth to which the dive was conducted , and (B) al-

ways select the schedule bottom time to be equal to

or the next longer bottom time than the actual bottom

time ofthe dive.

If the Standard Air Decompression Table, for example,

was being used to select the correct schedule for a

dive to97 feet for 31 minutes , decompression would be

carried out in accordance with the 100/40 schedule.

NEVER ATTEMPT TO INTERPOLATE

BETWEEN DECOMPRESSION SCHEDULES

If the diver was exceptionally cold during the dive, or

if his work load was relatively strenuous , the next

longer decompression schedule than the one he

would normally follow should be selected . For ex-

ample, the normal schedule for a dive to 90 feet for

34 minutes would be the 90/40 schedule . If the diver

were exceptionally cold or fatigued , he should de-

compress according to the 90/50 schedule.

Rules During Ascent 7.4.3 After the correct de-

compression schedule has been selected , it is imper-

ative that it be exactly followed . Without exception ,

decompression must be completed according to the

selected schedule unless the directions to alter the

schedule are given by a diving medical officer.

Ascend at a rate of 60 feet per minute when using all

tables exceptthe Surface Decompression Table Using

Oxygen. This table uses a rate of 25 feet per minute.

Any variation in the rate of ascent must be corrected

in accordance with the earlier instructions . The diver's

chest should be located as close as possible to the

stop depth . A pneumofathometer is the most practical

instrument for ensuring proper measurement.

The decompression stop times, as specified in each

decompression schedule , begin as soon as the diver

reaches the stop depth . Upon completion of the

specified stop time , the diver ascends to the next

stop , or to the surface, at the proper ascent rate.

DO NOT INCLUDE ASCENT TIME AS PART OF STOP

TIME.

Exceptional Exposure 7.4.4 The exceptional ex-

posure air decompression schedules presented in

the Standard Air Decompression Table are for dives

which expose the diver to oxygen partial pressures

and environmental conditions considered extreme by

Navy standards. The prolonged decompressions,

which must be carried out in the water, impose ex-

ceptional demands on the diver's endurance. Be-

cause of this, decompressions conducted according

to these schedules have limited assurance that they

will be completed without an incidence of decom-

pression sickness . For this reason , the Commanding

Officer must fully justify the need for conducting an

exceptional exposure dive . An exceptional exposure

dive should only be conducted in an extreme

emergency.

Repetitive Dives 7.4.5 During the 12-hour period

after an air dive, the quantity of residual nitrogen in a

diver's body will gradually reduce to its normal level .

If , within this period , the diver is to make a second

dive-called a repetitive dive-he must consider his

present residual nitrogen level when planning for

the dive.

The procedures for conducting a repetitive dive are

summarized in Figure 7-1 . Upon completing his first

dive, the diver will have a Repetitive Group Designa-

tion assigned to him by either the Standard AirTable

or the No-Decompression Table . This designation

relates directly to his residual nitrogen level upon
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surfacing . As nitrogen passes out of his tissues and

blood, his repetitive group designation changes. The

Residual Nitrogen Table permits this designation to

be determined at any time during the surface interval .

Just priorto beginning the repetitive dive , the residual

nitrogen time should be determined using the Resid-

ual Nitrogen Table . This time is added to the actual

bottom time of the respective dive to give the bottom

time of the equivalent single dive . Decompression

from the repetitive dive is conducted using the depth

and bottom time of the equivalent single dive to select

the appropriate decompression schedule . Equivalent

single dives which require the use of exceptional ex-

Conduct

single

dive

Surface interval greater

than 12 hours

Decompress according

to Standard Air Table

or No-Decompression

Table. Obtain repetitive

group designation

Surface interval greater

than 10 minutes and

less than 12 hours

Obtain residual nitrogen

time using Residual

Nitrogen Timetable

Add residual nitrogen

time to bottom time of

repetitive dive to obtain

equivalent single dive

bottom time

Decompress using

schedule for repetitive

dive depth and equi-

valent single dive

bottom time

Figure 7-1

Surface interval less

than 10 minutes

Add bottom time of

previous dive to that of

repetitive dive

Decompress from

repetitive dive using

schedule for deeper of

two dives and combined

bottom times

Repetitive Dive Flowchart

posure decompression schedules should , whenever

possible, be avoided.

To assist in determining the decompression schedule

for a repetitive dive, a systematic repetitive dive

worksheet, shown in Figure 7-2 , should always be

used .

If still another dive is to follow the repetitive dive, the

depth and bottom time of the first equivalent single

dive should be inserted in part I of the second repeti-

tive dive worksheet.

Surface decom-Surface Decompression 7.4.6

pression is a technique for fulfilling all or a portion , of

the diver's decompression obligation in a recom-

pression chamber. By using this technique , the time

which the diver must spend in the water is signifi-

cantly reduced , and when oxygen is breathed in the

recompression chamber, the diver's total decom-

pression time is reduced.

Surface decompression offers many advantages ,

most of which enhance the diver's safety. Shorter

exposure time to the water keeps him from chilling

to a dangerous level . Inside the recompression cham-

ber, he can be maintained at a constant pressure ,

unaffected by surface conditions of the sea . Observed

constantly by the chamber operator, and monitored

intermittently by medical personnel , any signs of

decompression sickness can be readily detected and

immediately treated .

If an oxygen breathing system is installed in the re-

compression chamber, surface decompression

should be conducted according to the Surface De-

compression Table Using Oxygen . If air is the only

breathing medium available, the Surface Decom-

pression Table Using Air must be used.

There is no surface decompression table for use

following an exceptional exposure dive . Additionally,

repetitive diving tables for dives following surface

decompression have not been calculated .

Dive Recording 7.4.7 Appendix B provides in-

formation for maintaining a diving log and for report-

ing individual dives to the Naval Safety Center.

In addition to these records, every Navy dive should

be recorded on a diving chart, similar to the one

AIR DECOMPRESSION
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REPETITIVE DIVE WORKSHEET

I. PREVIOUS DIVE:

minutes Standard Air Table

feet No-Decompression Table

repetitive group designation

II. SURFACE INTERVAL:

hours minutes on surface.

Repetitive group from I

New repetitive group from surface

Residual Nitrogen Timetable

III. RESIDUAL NITROGEN TIME :

feet (depth of repetitive dive)

New repetitive group from II .

Residual nitrogen time from

Residual Nitrogen Timetable

IV. EQUIVALENT SINGLE DIVE TIME :

minutes, residual nitrogen time from III.

+ ___ minutes , actual bottom time of repetitive dive .

=
minutes, equivalent single dive time.

V. DECOMPRESSION FOR REPETITIVE DIVE :

minutes, equivalent single dive time from IV.

feet, depth of repetitive dive

Decompression from (check one):

Standard Air Table No-Decompression Table

Surface Table Using Oxygen Surface Table Using Air

No decompression required

Decompression Stops: feet minutes

feet minutes

feet minutes

feet minutes

feet minutes

Schedule used

Repetitive group

Figure 7-2 Repetitive Dive Worksheet
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NAME OF DIVER RATE TABLE USED DATE

RATE TENDER (Sign name)NAME OF DIVER

PURPOSE OF DIVE

LEFT SURFACE REACHED BOTTOM DESCENT TIME LEFT BOTTOM TIME TO FIRST STOP TOTAL BOTTOM TIME

DEPTH IN FEET PRESSURE IN POUNDS TOTAL DECOMPRESSION TIME TOTAL TIME OF DIVE

DIVE RECORD DEPTH OF STOP

LBS.

PRESSURE

TIME

REACHED

130 58

LEFT

120 5
4 REACHED

54

LEFT

REACHED

110 49

LEFT

REACHED

100 44.5

LEFT

90 40

8
8
9

80 36

70

60

5
0

50

1
0

3
2

3
6

32

2
7

27

2
222

REACHED

LEFT

REACHED

LEFT

REACHED

LEFT

REACHED

LEFT

REACHED

LEFT

REACHED

40 18

LEFT

REACHED

30 13

LEFT

REACHED

20 9

LEFT

REACHED

4.5

LEFT
10

DIVER'S CONDITION
REACHED SURFACE

NEW GROUP

Figure 7-3 Diving Chart

REMARKS
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shown in Figure 7-3 . The diving chart is strictly a con-

venient means of collecting the dive data, which in

turn , will be copied in the official dive log

AIR DECOMPRESSION TABLES- 7.5

U.S. Navy Standard Air Decompression Table

7.5.1 This manual has combined the Standard Air

Table and the Exceptional Exposure Air Table into

one table as titled above . To clearly delineate

between the standard and exceptional exposure de-

compression schedules, the exceptional exposure

schedules have been printed in RED.

The USN decompression tables are the result ofyears

of scientific study, calculation , animal and human ex-

perimentation , and extensive field experience . They

represent the best overall information available , but

as depth and time increases, they tend to be less ac-

curate and require careful application . Lacking the

presence of a trained Diving Medical Officer or some-

one otherwise qualified, the tables must be rigidly

followed to ensure maximum diving safety. Variations

in decompression procedures are permissible only

with the guidance of a qualified diving medical officer

in emergency situations .

These limits are not to be exceeded without the ap-

proval of the Diving Officer in charge ofthe operation ,

and then, only after careful consideration of the

potential consequences involved .

If the bottom time of a dive is less than the first bottom

time listed for its depth, decompression is not re-

quired . The diver may ascend directly to the surface

at a rate of 60 feet per minute . The repetitive group

designation for no-decompression dives is given in

the No-Decompression Table.

As will be noted in the Standard Air Table , there are

no repetitive group designations for exceptional ex-

posure dives . Repetitive dives following an excep-

tional exposure dive are not permitted .

Example--

Problem-Diver Bowman has just completed a sal-

vage dive to a depth of 143 feet for 37 minutes . He

was not exceptionally cold or fatigued during the

dive. What is his decompression schedule and his

repetitive group designation at the end of the de-

compression?

Solution Select the equal or next deeper and the

equal or next longer decompression schedule. This

would bethe 150/40 schedule.

TOTAL

ELAPSED

ASCENT

ACTION TIME TIME

(min :sec) (min :sec)

Ascend to 30 feet at 1:53 1:53

60 fpm

Remain at 30 feet 5:00 6:53

Ascend to 20 feet 0:10 7:03

Remain at 20 feet 19:00 26:03

Ascend to 10 feet 0:10 26:13

Remain at 10 feet 33:00 59:13

Ascend to surface 0:10 59:23

Figure 7-4

sion.

Deep-sea divers undergoing in-water decompres-

Repetitive Group Designation
"N"
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U. S NAVY STANDARD AIR DECOMPRESSION TABLE

Depth

(feet)

40

Bottom

time

(min)

Time

first stop

(min:sec)

Decompression stops (feet) Total Repeti-

50 40 30 20 10

ascent

(min:sec)

tive

group

200

210 0:30

230 0:30

250 0:30 11

270 0:30

300 0:30

360 0:30 23

480 0:30 41

720 0:30 69

O
N
D
E
R
O
M
5
8

0:40

2 2:40

7 7:40

11:40

15 15:40

19 19:40

23:40

41:40

*N
O
O
Z
Z

*

69:40

50

100 0 0:50

110 0:40 3 3:50

120 0:40 5 5:50

140 0:40 10 10:50

160 0:40 21 21:50

180 0:40 29 29:50

200 0:40 35 35:50

220 0:40 40 40:50

240 0:40 47 47:50

J
M
M

Z
O
O
N
N

60

60 1:00

70 0:50 2 3:00

80 0:50 7 8:00 L

100 0:50 14 15:00

120 0:50 26 27:00

140 0:50 39 40:00

160 0:50 48 49:00

180 0:50 56 57:00

200 0:40 1 69 71:00

240 0:40 2 79 82:00

360 0:40 20 119 140 :00

480 0:40 44 148 193:00

*
Y
J
M
Z
O
N
N
N

*
*
*

*

Ν

廣義

720 0:40 78 187 266:00

70

5
0

50 0 1:10

60 1:00 8 9:10

70 1:00 14 15:10 L

80 1:00 18 19:10

90 1:00 23 24:10

100 1:00 33 34:10

110 0:50

120 0:50

130 0:50

140 0:50

150 0:50

160 0:50 13

170 0:50 19

2
4
6
6
9
3

"

41 44:10

47 52:10

52 59:10

8 56 65:10

61 71:10

72 86:10

79 99:10

Y
J
E
Z
Z
O
O
O
N
N
N
N

M

⭑
See No Decompression Table for repetitive groups

**Repetitive dives may not follow exceptional exposure dives

AIR DECOMPRESSION 7-9



U. S NAVY STANDARD AIR DECOMPRESSION TABLE

Depth

(feet)

Bottom

time

(min)

Time

first stop

(min:sec)

Decompression stops (feet)

50 40 30

2
020 10

Total

ascent

(min: sec)

Repeti-

tive

group

80

40 0 1:20

50 1:10 10 11:20

60 1:10 17 18:20

70 1:10 23 24:20

80 1:00 2 31 34:20

90 1:00 7 39 47:20

100 1:00 11 46 58:20

110 1:00 13 53 67:20

120 1:00 17 56 74:20

130 1:00 19 63 83:20

140 1:00 26 69 96:20

150 1:00 32 77 110:20

180 1:00 35 85 121 :20

240 0:50 6 52 120 179:20

360 0:50 29 90 160 280:20

480 0:50 59 107 187 354:20

720 0:40 17 108 142 187 455:20

90

30 0 1:30

40 1:20 7 8:30

50 1:20 18 19:30

60 1:20 25 26:30

70 1:10 7 30 38:30

80 1:10 13 40 54:30

90 1:10 18 48 67:30

100 1:10 21 54 76:30

110 1:10 24 61 86:30

120 1:10 32 68 101 :30

130 1:00 5 36 74 116:30

N
N
N
N
O
z
z
g
r
y

*
*
*
*
*

N
N
N
N
O
O
Z
z
g
r
a

100

25 0 1:40

30 1:30 3 4:40

40 1:30 15 16:40

50 1:20 2 24 27:40

60 1:20 9 28 38:40

70 1:20 17 39 57:40

80 1:20 23 48 72:40

90 1:10 3 23 57 84:40 Z

100 1:10 7 23 66 97:40 Z

110 1:10 10 34 72 117:40 Z

120 1:10 12 41 78 132:40 Z

180 1:00

240 1:00

360 0:50 2

480 0:50 21

720 0:50

ទ២ី
៦
៩

.

29 53 118 202:40
•

14 42 84 142 283:40
*

42 73 111 187 416:40

91 142 187 503:40

55 106 122 142 187 613:40

L
X
U
N
O
O
N
N
N
N
*
*

110

2
8
8
9

20 0 1:50

25 1:40 3 4:50

30 1:40 7 8:50 J

40 1:30 2 21 24:50

50 1:30 8 26 35:50

60 1:30 18 36 55:50

70 1:20 1

80 1:20

90 1:20 12 30

100 1:20 15 37

2
2
8
523 48 73:50

7 23 57 88:50

64 107:50

72 125:50

I
M
Z
O
N
N
N

* See No Decompression Table for repetitive groups

**Repetitive dives may not follow exceptional exposure dives
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U. S. NAVY STANDARD AIR DECOMPRESSION TABLE

Depth

(feet)

120

130

140

Bottom

time

(min)

Time to

first stop

(min:sec)

Decompression stops (feet)

70 60 50 40 30 20 10

Total

ascent

(min:sec)

Repeti-

tive

group

3
3
2
5
5

15

20 1:50

1:50

30 1:50

40 1:40

50 1:40

60 1.30

70 1:30

80 1:30

90 1:30

100 1:30

120 1:20

180 1:10

240 1:10

360 1:00

480 0:50

720 0:50

10

15 2:00

20 2:00

25 2:00

30 1:50

40 1:50

50 1:40

60 1.40

70 1:40

80 1:30

90 1:30

2:00

4:00

8:00

14 16:00

5 25 32:00

15 31 48:00

2 22 45 71:00

9 23 55 89:00

15 27 63 107:00 Z

19 37 74 132:00 Z

23 45 80 150:00 Z

10 19 47 98 176 :00

I
_
J
U
N
O
O
N
N
N
:

5 27 37 76 137 284:00

23 35 60 97 179 396:00

18

ო
ფ

3 41

32

8
+

45 64 93 142 187 551 :00

64 93 122 142 187 654:00
**

74 100 114 122 142 187 773:00

**

1
0 2:10

3:10

#

4 6:10

10 12:10

3 18 23:10

10 25 37:10

3 21 37 63:10

9 23 52 86:10

16 24 61 103:10

3B

3 19 35 72 131 :10

8 19 45 80 154:10

F
I
L
M
N
O
N
N
N
N

H

Bottom

time

(min)

Time to

first stop

(min:sec)

Decompression stops (feet)

90 80 70 60 50 40

3
030

2
0

20 10

Total

ascent

(min:sec)

Repeti-

tive

group

10

15

0 2:20

2:10 2 4:20 G

20 2:10 6 8:20

25 2:00

30 2:00

2
5 14 18:20

21 28:20

40 1:50 2 16 26 46:20

50 1:50 6 24 44 76:20

60 1:50 16 23 56 97:20 Z

70 1:40

80 1:40

90 1:30 2

120 1:30

23 41 79

14 18 42 88

12 14 36

4 19 32 68

10

125:20 Z

155:20 Z

166:20

56 120 240:20

180 1:20 10 26 32 54 94 168 386:20

240 1:10 8 28 34 50 78 124 187 511 :20

360 1:00

480 1:00 31

720 0:50 16

"
5
8
5

9 32 42 64 84 122 142 187

44 59 100 114 122 142 187

684:20

801 :20

*
C-

U
X
N
O
N
N
N

:* :
*: *

56 88 97 100 114 122 142 187 924:20

* See No Decompression Table for repetitive groups

**Repetitive dives may not follow exceptional exposure dives
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A
i
r

U. S. NAVY STANDARD AIR DECOMPRESSION TABLE

Depth

(feet)

Bottom

time

(min)

Timeto

first stop

(min:sec)

Decompression stops (feet)

90 80 70 60 50 40 30 20 10

Total

ascent

(min:sec)

Repeti-

tive

group

150

5

10 2:20

15 2:20

20 2:10

25 2:10

0
7
3
72
4

2:30

3:30 E

5:30

11:30

17 23:30

30 2:10 8 24 34:30

40 2:00 5 19 33 59:30

50 2:00 12 23 51 88:30

60 1:50 3 19 26 62 112:30

70 1:50 11 19 39 75 146:30

80 1:40 1 17 19 50 84 173:30

Ν
Α
Ν
Ο
Ζ
Γ
Χ
Ι
Ο
Π
Ο

C

G

K

160

5 0 2:40

10 2:30 1 3:40

15 2:20 1 7:40

20 2:20 3 11 16:40

25 2:20 7 20 29:40

30 2:10

40 2:10

50 2:00

60 2:00

70 1:50 1 17

2
0
7

16

9 19

2
7
6
9
2

11 25 40:40

23 39 71:40

23 55 98:40

33 69

44 80

132:40

166 :40

O
F
I
X

W
Z
N
N
:

M

170

180

Bottom Time to Decompression stops (feet)

time first stop

Total

ascent

Repeti-

(min) (min: sec) 110 100 90 80 70 60 50 40 30 20 10 (min: sec)

tive

group

5 0 2:50

10 2:40 2 4:50

15 2:30

20 2:30

25 2:20

30 2:20

40 2:10

50 2:10 5

2
4
7
3
2
8

2
4

5 9:50

15 21:50

23

13 26

10 23 45

18 23 61

34:50

45:50

81:50

109:50

60 2:00 2 15 22 37 74 152:50

70 2:00

90 1:50

120 1:30

180 1:20

240 1:20

360 1:10

480 1:00 14

2
3
0
3

+
2
2

4

2 10

10 22

18 24 30

22 34 40 52

8 17

12 12 14 34 52 120

12 18 32 42 82 156

28 34 50 78 120 187

42 50 70 116 142 187

60 98 114 122 142 187

19 51 86 183:50

246:50

356 :50

535:50

681 :50

873:50

40 42 56 91 97 100 114 122 142 187 1007:50

5 0 3:00

10 2:50 3 6:00

15 2:40 3 6 12:00

20 2:30

25 2:30

30 2:30

40 2:20

50 2:10

60 2:10

2
5

5 16

ოთ…3

1
3
6
4
3
1

5 17 26:00

10 24 40:00

17 27 53:00

23 50

9 19 30 65

19 44 81

93:00

128:00

168 :00

O
F
I
L
E
O
N
N

⠀
⠀
⠀
⠀

:
:
:
O
u
-

X
J
Z
O
N
N

M

0

⭑
See No Decompression Table for repetitive groups

**Repetitive dives may not follow exceptional exposure dives
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U. S NAVY STANDARD AIR DECOMPRESSION TABLE

Bottom
Depth

(feet)
time

Time to

first stop

Decompression stops (feet) Total

ascent

Repeti-

tive

(min) (min: sec) 110 100 90 80 70 60 50 40 30 20 10 (min: sec) group

190

5

10 2:50

15 2:50

20 2:40

25 2:40

30 2:30

40 2:30

6
0

50 2:20

60 2:20

2
5
0
4
2
4

0 3:10

1 3 7:10

4 7 14:10

6 20 31:10 K

11 25 44:10

1 8 19 32 63:10

8 14 23 55 103:10

4 13 33 72 147:10

10 17 19 50 84 183:10

D
C
I
x
M
z
o

:
:

G

N

Bottom Time to Decompression stops (feet)

time

(min)

first stop

Total

ascent

(min:sec) 130 120 110 100 90 80 70 60 50 40 30

2
0

20 10 (min:sec)

200

5 3:10 1 4:20

10 3:00 1 4 8:20

15 2:50

20 2:50

25 2:50

30 2:40

40 2:30 2 8

1
3
7
9

2
0

4 10 18:20

7 27 40:20

14 25 49:20

22 37

17 23 59

73:20

112:20

50 2:30 6 16 22 39 75 161 :20

60 2:20 2 13 17 24 51 89 199:20

90 1:50

120 1:40 6

180 1:20 1 10 10

240 1:20 6 20

360 1:10 12 22 36

A
N
O
-

1 10 10 12

10 10 10

18 24

12 30

24 28 40 64 98 180

24 42 48 70 106 142 187

38 74 134 324:20

473:20

24 24 36

40 44 56

42

82

685:20

54 68 114 122 142 187 842:20

98 100 114 122 142 187 1058:20

210

5 3:20 1 4:30

10 3:10 2 4 9:30

15 3:00

20 3:00

25 2:50

30 2:50

40 2:40

50 2:30

4 9

1 9 17 19

2
4
3
7

1
4
7
9
9

a

5 13 22:30

10 23 40:30

17 27 56:30

24 41 81:30

26 63

45 80

124:30

174:30

220

5 3:30 2 5:40

10 3:20 2 5 10:40

15 3:10 2 5 16 26:40

20 3:00 1 3 11 24 42:40

25 3:00 3 8 19 33 66:40

30 2:50 7 10 23 47 91:40

40 2:50 6 12 22 29 68 140:40

50 2:40 3 12 17 18 51 86 190:40

AIR DECOMPRESSION 7-13Change 2



U. S. NAVY STANDARD AIR DECOMPRESSION TABLE

Depth

(feet)

Bottom

time

Time to Decompression stops (feet)

first

(min) stop

Total

ascent

time

(min:sec) 130 120 110 100 90 80 70 60 50 40 30 20 10 (min:sec)

230

5 3:40

10 3:20 1 2

15 3:20

20 3:10

25 3:10

30 3:00

40 2.50

50 2:50

1
5

2
7
4 15

3
5
0
2
2
2

2
4
8
5
6

6 18

2
8
8

5:50

6 12:50

30:50

12 26 48:50

22 37 74:50

12 23 51 99:50

34 74 156:50

5 14 16 24 51 89 202:50

240

250

260

5 3:50

10 3:30

15 3:30

20 3:20

25 3:10

30 3:10

40 3:00 3

50 2:50 1 8

2 6:00

1

4

3
4
8
7
6

1
4
7
5

3
6
5

6 14:00

21 35:00

6 15 25 53:00

9 24 40 82.00

15 22 56 109:00

17 22 39 75

16 29 51 94

167.00

218:00

5 3:50

10 3:40

15 3:30

20 3:30 4

1
4
7
7

1
4
7 22

2
7
2

7:10

16:10

38:10

17 27 59:10

25 3:20 2 7 10 24 45 92:10

30 3:20 6

40 3:10

60 2:40 4 10 10

90 2:10 8 10 10 10 10 10 28 28 44

8
8
8
8
8
a

5 9

10

7

17

12 22 36

68

17 23 59

19 45 79

116:10

178:10

64 126 298:10

98 186 514:10

5 4:00

10 3:50

15 3:40

20 3:30

25 3:30

30 3:20

40 3:10

2

2
4
8
8
6

1
3
6

1 6 11 16

2
4
7
5

11

1 2 7:20

4 9 19:20

10 22 42:20

20 31 67:20

23 50 99:20

19 26 61 126:20

19 49 84 190:20

270

5 4:10 1 3

10 4:00 2 5 11

8:30

22:30

15 3:50 3 4 11 24 46:30

20 3:40 2 3 9 21 35 74:30

25 3:30 2 3 8 13 23 53 106:30

30 3:30 3 6

40 3:20 5 6 11 17

12 22 27 64 138:30

22 51 88 204:30

7-14
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U. S NAVY STANDARD AIR DECOMPRESSION TABLE

Depth

(feet)

280

290

300

Bottom Time to

time first

(min) stop

(min:sec) 130 120 110 100 90 80

Decompression stops (feet)

70

Total

ascent

time

7
0 6
0

60

5
050

4
040

3
030

2
0

20 10 (min:sec)

5 4.20

10 4.00

15 3:50

20 350

25 340

30 333 1

40 3.20 1 6 6

2
3
0

13

1
3
4
7
3
7

1
3
5
7
3

27

N
N
L
D
A
N

ט
ח

2)ת 2 8:40

5 13 25:40

11 26 49:40

23 39 81:40

16 23 56 113:40

22 30 70 150:40

51 93 218:40

5 4.30 2 3 9.50

1 3 5 16 29:50

15 4.00 3 6 12 26 52:50

20 4.00 7 9 23 43 89:50

25 350 3 5

30 3.40 1 5 6 16

40 3.30 3 5 7 15 16

3
3
3

8 17 23 60 120:50

22 36 72 162:50

32 51 95 228:50

5 4:40 3 3 11.00

10 4.20

15 4:10

20 400

25 3.50

30 350

40 340 4 6

60 3:00 4 10 10 1C 10

2
3
5
9
4

1
2
6
0

14

1
3
7
0
1
8

2
3
6
7
5
8
0

3 6 17 32:00

6 15 26 57:00

10 23 47 97:00

19 26 61 129.00

22 39 75 172:00

15 17 34 51 90

28 32 50 90 187

231 :00

460:00

Extreme exposures-250 and 300 ft

Time Decompression stops (feet)

Bottom to first

Depth time stop

Total

ascent

time

(ft) (min) (min:sec) 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40

3
030 20 10 (min:sec)

250

120 1:50

180 1.30 1

240 1:30

4
4

I
a

5

14 21 22

10 10 10 10 16 24 24

22 24 24 32 42 44

22 40 40 42 56 76

36 48 64 94 142 187 684:10

60 84 114 122 142 187 931 :1C

98 100 114 122 142 187 1109:10

300,9
0

2:20

120 2:00 4 8

I

8

3 8 8 10

R

180 1:40 6 8 8 8 14 20 21 21

10 10 10 16 24 24

14 24 24 24 34 42

28 40 40 48 56 82

34 48 64 90 142 187 693:00

58 66 102 122 142 187 890:00

98 100 114 122 142 187 1168.CO

No-Decompression Limits and Repetitive Group

Designation Table for No- Decompression Air

Dives 7.5.2 The No-Decompression Table serves

two purposes . First it summarizes all the depth and

bottom time combinations for which no decompres-

sion is required . Secondly , it provides the repetitive

group designation for each no-decompression dive.

Even though decompression is not required , an

amount of nitrogen remains in the diver's tissues after

every dive. If he dives again within a 12 hour period ,

the diver must consider this residual nitrogen when

calculating his decompression.

AIR DECOMPRESSION 7-15



Each depth listed in the No-Decompression Table has

a corresponding no-decompression limit given in

minutes. This limit is the maximum bottom time that a

diver may spend at that depth without requiring de-

compression . The columns to the right of the no-

decompression limits column are used to determine

the repetitive group designation which must be as-

signed to a diver subsequent to every dive . To find

the repetitive group designation enter the table atthe

depth equal to or next greater than the actual depth of

the dive. Follow that rowto the right to the bottom time

equal to or next greater than the actual bottom time of

the dive . Follow that column upward to the repetitive

group designation .

Depths above 35 feet do not have a specific no-

decompression limit . They are , however, restricted in

that they only provide repetitive group designations

for bottom times up to between 5 and 6 hours. These

bottom times are considered the limitations of the

No-Decompression Table and no field requirement

for diving should extend beyond them .

Any dive below 35 feet which has a bottom time

greater than the no-decompression limit given in this

table is a decompression dive and should be con-

ducted in accordance with the Standard AirTable.

Example-

Problem-In planning a dive , the Master Diver wants

to conduct a brief inspection of the work site , located

160 feet below the surface . What is the maximum bot-

tom time which he may use without requiring decom-

pression? What is his repetitive group designation

afterthe dive?

Solution-The no-decompression limit correspond-

ing to the 160 foot depth in the No-Decompression

Table is 5 minutes . Therefore , the Master Diver must

descend to 160 feet, make his inspection and begin

his ascent within 5 minutes without having to undergo

decompression .

Following the 160 foot depth row to the 5 minute

column , the repetitive group designation at the top

of this column is D.

NO-DECOMPRESSION LIMITS AND REPETITIVE GROUP DESIGNATION TABLE

FOR NO-DECOMPRESSION AIR DIVES

Group Designation

ABCDEFGHI
JKLMNO

No-decom-

pression

Depth limits

(feet) (min)

10 60 120 210 300

15 35 70 110 160 225 350

20 25 50 75 100 135 180 240 325

25 20 35 55

30 15 30 45

75 100 125 160 195 245 315

60 75 95 120 145 170 205 250 310

35 310

40 200

5
5 15 25 40 50 60 80 100

15 25 30 40 50 70 80

120 140 160 190 220 270 310

100 110 130 150 170 200

50 100 10 15 25 30 40 50 60 70 80 90 100

60 60 10

70 50

80

90

100

110

120

130

140

៨
៩
៨
០
០
៩
៦

40

30

25

o
n
5
5
5

15 20 25 30 40 50 55

5 10 15 20 30 35 40 45

5
5
0

60

10 15 20 25 30 35 40

10 12 15 20 25 30

7 10 15 20 22 25

20 5 10 13 15 20

15 5 10 12 15

10

10

150

160

170

180

190

0
0
5
5
5
5
5

5

5

8
88 10

7 10

5

5
5
5
5

5

5

5
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Residual Nitrogen Timetable for Repetitive Air

Dives 7.5.3 The quantity of residual nitrogen in a

diver's body immediately after a diveis expressed

bythe repetitive group designation assigned to him

byeitherthe Standard Air Table or the No-Decompres-

sion Table. The upper portion of the Residual Nitrogen

Table is composed of various intervals between 10

minutes and 12 hours , expressed in hours : minutes

(2:21 2 hours 21 minutes) . Each interval has two

limits ; a minimum time (top limit) and a maximum

time (bottom limit).

Residual nitrogen times , corresponding to the depth

of the repetitive dive, are given in the body ofthe

lower portion of the table . To determine the residual

nitrogen time for a repetitive dive , locate the diver's

repetitive group designation from his previous dive

along the diagonal line above the table . Read hori-

zontally to the interval in which the diver's surface.

interval lies . The time spent on the surface must be

between or equal to the limits of the selected interval .

Next, read vertically downwards to the new repetitive

group designation . This designation corresponds to

the present quantity of residual nitrogen in the diver's

body. Continue downward in this same column to the

row which represents the depth of the repetitive dive.

The time given at the intersection is the residual nitro-

gen time , in minutes , to be applied to the repetitive

dive.

If the surface interval is less than 10 minutes , the re-

sidual nitrogen time is the bottom time ofthe previous

dive. All of the residual nitrogen will be passed out of

the diver's body after 12 hours, so a dive conducted

after a 12 hour surface interval is not a repetitive dive .

There is one exception to this table . In some instances ,

when the repetitive dive is to the same or greater

depth than the previous dive, the residual nitrogen.

time may be longer than the actual bottom time ofthe

previous dive . In this event, add the actual bottom

time ofthe previous dive to the actual bottom time of

the repetitive dive to obtain the equivalent single dive

time.

Example-

Problem - A repetitive dive is to be made to 98 fsw

for an estimated bottom time of 15 minutes. The pre-

vious dive was to a depth of 102 fsw and had a 48

minute bottom time . The diver's surface interval is 6

hours 28 minutes (6:28) . What decompression sched-

ule should be used for the repetitive dive?

Solution Using the repetitive dive worksheet-

REPETITIVE DIVE WORKSHEET

I. PREVIOUS DIVE :

48
minutes

102 feet

Standard Air Table

No-Decompression Table

Mrepetitive group designation

II. SURFACE INTERVAL:

6 hours 28 minutes on surface .

Repetitive group from IM

New repetitive group from surface

Residual Nitrogen Timetable B

III. RESIDUAL NITROGEN TIME:

98 feet (depth of repetitive dive)

New repetitive group from II . B

Residual nitrogen time from

Residual Nitrogen Timetable Z

IV. EQUIVALENT SINGLE DIVE TIME :

Z minutes, residual nitrogen time from III .

5minutes, actual bottom time of repetitive dive .

-22 minutes, equivalent single dive time.

V. DECOMPRESSION FOR REPETITIVE DIVE :

22 minutes , equivalent single dive time from IV.

98 feet, depth of repetitive dive

Decompression from (check one) :

[] Standard Air Table No- Decompression Table

Surface Table Using Oxygen Surface Table Using Air

No decompression required

Decompression Stops:
feet minutes

feet minutes

feet minutes

feet minutes

Schedule used feet minutes

Repetitive group .

AIR DECOMPRESSION 7-17Change 1



RESIDUAL NITROGEN TIMETABLE FOR REPETITIVE AIR DIVES

*Dives following surface intervals of more than 12 hours are

not repetitive dives . Use actual bottom times in the Standard

Air Decompression Tables to compute decompression for

such dives .

A 0:10

1200

B
010 211

2:10 1200

J

K 0:10

0:28

R
e
p
e
t
i
t
i
v
e

g
r
o
u
p

a
t
t
h
e

b
e
g
i
n
n
i
n
g

o
f
t
h
e

s
u
r
f
a
c
e

i
n
t
e
r
v
a
l

C 0:10 1.40 250

1:39 2:49 12:00

E 0.10

D 0.10 1.10 2:39 5:49

1.09 2:38 5:48 12.00

0:55 1:58 3:23 6:33

0:54 1.57 3:22 6:32 12:00

F
I

0.10 0:46 1:30 2:29 3:58 7:06

0:45 1:29 2:28 3:57 7:05 12.00

G 0:10 0:41 1:16 2:00 2:59 4:26 7:36

H

I 0:10

0:10 1:20

0:31

0:29

0:49

L 0:10 0:27 0:46

M

N

1:11

0:10 0:24 0:37 0:52

0.23 0:36 0:51 1:07

1:08 1:25

1:24 1:43

2:20

0:50 1:12 1:36 2.04 2.39

1.11 1:35 2:03 2:38 3:21

1:05 1:26 1:50 2:20 2:54 3:37 4:36

0:26 0:45 1:04 1:25 1.49 2:19 2:53 3:36 4:35 6.02

0:10 0:26 0:43 1:00 1:19 1:40 2:06 2:35 3:09 3.53 4:50

0:25 0:42 0:59 1.18 1:39 2:05 2:34 3:08 3:52 4:49 6.18

0:10 0:25 0:40 0:55 1.12 1:31 1:54 2:19 2:48 3:23 4:05 5:04

0:24 0:39 0:54 1:30 1:53 2:18 2:47 322 404

1:44 2:05 2:30 3:00 3:34

2:04 2:29 2:59 3:33 4:17 5:16 6:44

0:40

0:10 0:37 107

0:36 1:06 1:41 2:23

0:34 1.00 1:30

0:33 0:59 1:29 2:02

0:32 0:55

0:54 119 1:47

1.15 1:59 2:58 4:25 7:35 12:00

1:42 2.24 321 4:50 8:00

3:20 4:49 7.59 12:00

2:03 2:45 3:44 5:13 8:22

2:44 3:43 5:12 821 12:00

1.48 2.21

3:04 4:02 5.40

3.05 403 541 8:41

840 1200

3:22 4:20 5.49 859

4:19 5:48 8:58 1200

6:03 913

9:12 12:00

6:19 9:29

9:28 12.00

6:33 9:44

5:03 6:32 9.43 1200

4:18 5:17 6:45 9.55

954 12:00

Z 0:10

0:22

0:23 0:35 0:49 1:03

0:34 0:48 1:02 1:18

NEW- Z ON ML
GROUP

1:19 1:37 1.56 2:18 2:43 3:11 3:46 4:30 5.28

1:36 1:55 2:17 2:42 3:10 3:45 4.29 527 6:56

KJHG FEDC

6.57 1006

10.05 12:00

BA

DESIGNATION

REPETITIVE

DIVE

DEPTH ZON ML K JIH G F

40 257 241 213 187 161 138 116 101 87 73 61

50 169 160 142 124 111 99 87 76 66 56 47

60 122 117 107 97 88 79 70 61 52 44 36

8
8
8
m

E D C B

49 37 25 17

38 29 21 13

30 24 17 11

70 100 96 87 80 72 64 57 50 43 37 31 26 20 15 9

80 84 80 73 68 61 54 48 43 38 32 28 23 18 13 8

90 73 70 64 58 53 47 43 38 33 29 24 20 16 11 7

100 64 62 57 52 48 43 38 34 30 26 22 18 14 10 7

110 57 55 51 47 42 38 34 31 27 24 20 16 13 10 6

120 52 50 46 43 39 35 32 28 25 21 18 15 12 9 6

130 46 44 40 38 35 31 28 25 22 19 16 13 11 8 6

140 42 40 38 35 32 29 26 23 20 18 15 12 10 7 5

150 40 38 35 32 30 27 24 22 19 17 14 12 9 7

160 37

170 35

180 32 31

190 31

8
9
5
836 33 31 28 26 23 20 18 16 13 11 9 6

34 31 29 26 24 22 19 17 15 13 10 8 6

29 27 25 22 20 18 16 14 12 10 8

30 28 26 24 21 19 17 15 13 11 10 8 6 4

A
7
6
5
4
4
M
M
M
M
M
2
2
2
2
2
2

3

3

3

3

3

RESIDUAL NITROGEN TIMES (MINUTES)
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Figure 7-5 Decompression profile for a dive to 136 feet

for 62 minutes using the Surface Table Using Oxygen

Diver Breathing Oxygen

9
090 100

4
8
:
0
0

110 120 130 140

|

62:00

Bottom Time

■ Surface Decompression Table Using Oxygen 7.5.4

The application of the Surface Table Using Oxygen

requires a recompression chamber with an oxygen

breathing system as described in Paragraph 16.1 .

69:50 Time, Min : Sec

Total Decompression Time

The ascent rate to the first decompression stop , orto

the surface if no stops are required , is 25 feet per

minute . The ascent time between each stop , and from

the 30 foot stop to the surface , is 1 minute .

Once the diver is on the surface , his tenders must re-

move his breathing apparatus and his weight belt and

assist him into the recompression chamber within

3½ minutes. Pressurization of the chamber with air

should take about 30 seconds . This means that the

total elapsed time from when the diver leaves the 30

foot water depth to when he reaches the 40 foot re-

compression depth must not exceed 5 minutes.

As soon as the diver enters the chamber he must

begin breathing pure oxygen via an approved mask

breathing system . He is to remain on oxygen down to

and throughout the designated 40 foot stop time.

While the diver is breathing oxygen, the chamber

must be ventilated . as prescribed in Section 8.4.3.4.

Upon completion of the designated 40 foot chamber

stop , the chamber should be depressurized to at-

mospheric pressure at a constant rate over a 2 minute

period . During ascent , the diver is to remain on

oxygen.

Should the diver develop oxygen toxicity problems , or

the oxygen breathing system fail , the diver should be

2
:
0
0

decompressed according to the Surface Decompres-

sion Table Using Air disregarding all time spent

breathing oxygen .

Example-

Problem -Determine the decompression schedule

for a dive to 136 feet for 62 minutes using the Surface

Table Using Oxygen .

Solution-The correct decompression schedule for

a dive to 136 feet for 62 minutes is the 140/65 sched-

ule. The decompression profile is illustrated above.

Surface Decompression Table Using Air 7.5.5

The Surface Table Using Air should be used for sur-

face decompression after an air dive when a recom-

pression chamber without an oxygen breathing sys-

tem is available . Also, if oxygen breathing must be

stopped at any time when decompressing on the

Surface Table Using Oxygen , the applicable chamber

stops listed in the Surface Table Using Air must be

carried out in their entirety.

The total ascent times of the Surface Table Using Air

exceed those of the Standard Air Decompression

Table . The advantages of using this table are strictly

those of maintaining the diver in a controlled, closely

observed environment during decompression .

When employing the Surface Table Using Air, the

divershould ascend from the last water stop at 60 fpm .

The time spent on the surface should not exceed 32

minutes and the rate of descent to the first chamber

stop should be 60 fpm . The total elapsed time for

these three procedures must not exceed 5 minutes.
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SURFACE DECOMPRESSION TABLE USING OXYGEN

Time (min) breathing air at water stops (ft)
Time at

Time to
40-foot

Depth

(feet)

Bottom

time

first stop

or surface

chamber stop

Total

decompression

Surface (min) on

(min) (min:sec) 60 50 40 30 interval oxygen Surface

time

(min:sec)

70

52 2:48

90 2:48

120 2:48

150 2:28

180 2:48

O
O
O
O
O

80

40 3:12

70 3:12

85 3:12

100 3:12

115 3:12

130 3:12

150 3:12

90

32 3:36

60 3:36

70 3:36

80 3:36

90 3:36

100 3:36

110 3:36

120 3:36

130 3:36

100

26 4:00

50 4:00

60 4:00

70 4:00

80 4:00

90 4:00

100 4:00

110 4:00

120 2.48

110

22 4:24

40 4:24

50 4:24

60 4:24

70 4:24

80 3:12

90 3:12

100 3:12

110 3:12

120

2
8
2
8
0

18 4:48

30 4:48

40 4:48

50 4:48

60 3:36

70 3:36

80 3:36

90 3:12

100 3:12

0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0

O
O
O
O
o
o
o
o
O

0
0
0
0
0
4
5
7
5

0
0
0
0
0
0
0

O
O
O
O
o
o
o
o
o

0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
2
5
2

12

0
0
0
0
0
0
0

0
0
0
0
0
0
0

0
0
0
0
0

0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0

O
O
O
O
o
o
o
o
o

O
O
O
O
O

0
0
0
0
0
0
0

O
O
O
O
o
o
o
o
o

0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0

O
O
O
O
O

0 2:48

15 23:48

23 31:48

31 39 48

39 47 48

0 3:12

0
0
0
0
0
0
0
0
0

T
O
T
A
L

T
I
M
E

F
R
O
M

L
A
S
T

W
A
T
E
R

S
T
O
P

T
O

F
I
R
S
T

C
H
A
M
B
E
R

S
T
O
P

N
O
T

T
O
E
X
C
E
E
D

5M
I
N
U
T
E
S

14 23:12

20 29.12

26 35:12

31 40.12

37 46:12

44 53 12

0

14

20

25

30

34

39

43

48

2-M
I
N
U
T
E

A
S
C
E
N
T

F
R
O
M

4
0

F
E
E
T

0 4:00

14 24:00

20 30.00

26 36:00

32 4200

38 48:00

44 54.00

49 59:00

53 65.48

0 4:24

12 22:24

19 29:24

26 36 24

33
43.24

40
51:12

46
58.12

51
66:12

54
7612

I
N
C
H
A
M
B
E
R

T
O
S
U
R
F
A
C
E

W
H
I
L
E

B
R
E
A
T
H
I
N
G

O
X
Y
G
E
N

3:36

23:36

29:36

34:36

39:36

43:36

48:36

52 36

57.36

0
448

9
19:48

16
26.48

24
34:48

32
44.36

39
53:36

46
61:36

51
72:12

15 54
86:12
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SURFACE DECOMPRESSION TABLE USING OXYGEN

Time (min) breathing air at water stops (ft) Time at

Time to 40-foot

Bottom

Depth

(feet)

time

first stop

or surface

chamber stop

(min) (min: sec) 60 50 40 30

Surface

interval

(min) on

oxygen
Surface

130

15 5:12

30 5:12

40 5:12

50 4:00

60 4:00

70 4:00

80 3:36

O
O
O
O
O
O
O
O

90 3:36

13 5:36

140

25 5:36

30 5:36

35 5:36

40 4:24

45 4:24

50 4:24

55 4:24

60 4:24

65 4:00

70 3:36 2

0
0
0
3
5
7
7
2

0

6

10 12

0
0
0
0
0
0
0
0

2

6

8

O
O
O
O
N
T
O
N
∞
7
7

O
O
O
O
O
O
O
O
O
3
7

0
0
0

0
0
0
0
0
O
O
N

150

11 6:00

25 6:00

30 6:00

35 4:48

40 4:24

45 4:24

50 4:00

O
O
O
O
O
O
O
N

55 3:36

160

9 6:24

20 6:24

25 6:24

30 5:12

35 4:48

40 4:24

45

0
0
0
0
0
0
0

4:00

170

7 6:48

20 6:48

25 6:48

30 5:12

35 4:48

40 4:24

0
0
0
2
6
8
6

O
O
O
O
3
5
5
9

0
0
0
0
4
5
8

O
O
O
O
0
0
2
5

O
O
O
O
0
3
4

0
0
0
5
7
6

0
0
0
3
4
8

O
O
O
O
4
4

O
O
O
O
0
4

6

8

0
0
0
4
6
7
B
4

T
O
T
A
L

T
I
M
E

F
R
O
M

L
A
S
T

W
A
T
E
R

S
T
O
P

T
O

F
I
R
S
T

C
H
A
M
B
E
R

S
T
O
P

N
O
T

T
O
E
X
C
E
E
D

5M
I
N
U
T
E
S

Total

decompressic

time

(min:sec)

0 5:12

12 23:12

21 32:12

29 43:00

37 53:00

45 63:00

51 75:36

56 89:36

0

11

15

20

24

29

33

38

43

48

51

៩
៥
៨
៨
៨
០

០
០
០
០
៩
៨
០
៩
៩
០
៩
៨
៨
០

0

13

18

23

27

33

38

44

2-M
I
N
U
T
E

A
S
C
E
N
T

F
R
O
M

4
0
F
E
E
T

I
N
C
H
A
M
B
E
R

T
O
S
U
R
F
A
C
E

W
H
I
L
E

B
R
E
A
T
H
I
N
G

O
X
Y
G
E
N

5:36

22:36

26:36

31:36

37:24

44:24

50:24

56:24

62:24

70:00

79:36

6:00

25:00

30:00

38:48

48:24

57:24

66:00

77:36

0 6:24

23:24

16 28:24

21 35:12

26 48:48

32 61:24

38 73:00

6:48

25:48

19 31:48

23 44:12

29 57:48

36 72:24
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SURFACE DECOMPRESSION TABLE USING AIR

Bottom

time

Depth (ft) (min)

Time to

first stop

(min:sec)

Time at water stops (min) Surface Chamber stops

Interval (air) (min)

Total

ascenttime

30

2
020 10 20 10 (min:sec)

40

230 0:30

250 :30

270 :30

300 :30

3
3
3
3

7 14:30

11 18:30

15 22:30

19 26:30

50

120 :40

140 :40

160 :40

180 :40

200 :40

220 :40

240 :40

3
3
3
3
3
3
3

5 12:40

10 17:40

21 28:40

29 36:40

35 42:40

60

80 :50

100 :50

120 :50

140 :50

160 :50

180 :50

ოოოოოო3

3

3

3

3

3

200 :40 3

70

60 1:00

70 1:00

80 1:00

90 1:00

100 1:00

ო
ო
ო
ო
ო

3

3

3

3

3

110 :50

120 :50

130 :50

140 :50

150 :50

160 :50

170 :50

ოოოოოოო3

3

3

3

3

3

3

80

50 1:10

60 1:10

70 1:10

3
3
3

80 1:00

90 1:00

100 1:00

110 1:00

120 1:00

130 1:00

140 1:00 26

150 1:00 32

ო
ო
ო
ო
ო
ო
მ
ო

3

90

40 1:20

50 1:20

60 1:20

3
3
3

3

T
O
T
A
L

T
I
M
E

F
R
O
M

L
A
S
T

W
A
T
E
R

S
T
O
P

T
O

F
I
R
S
T

C
H
A
M
B
E
R

S
T
O
P

N
O
T

T
O
E
X
C
E
E
D

5M
I
N
U
T
E
S

40 47:40

47 54:40

7 14:50

14 21:50

26 33:50

39 46.50

48 55:50

56 63:50

3 69 80:10

8 16:00

14 22:00

18 26:00

23 31:00

33 41:00

13

19

3
4
6
8
9
3
G

41 52:20

47 59:20

N
O
N

52 66:20

56 72:20

61 78:20

72 93:20

79 106:20

10 18:10

17 25:10

23 31:10

3 31 42:30

7 39 54:30

11 46 65:30

13 53 74:30

17, 56 81:30

19 63
90.30

26 69
126 30

32 77 146 30

7
15:20

3 18 26.20

3 25
3320

70 1:10 3 7 30
45:40

80 1:10 13 13 40
71.40

90 1.10 18 18 48
89.40

100 1:10 21 21 54
101 40

110 1:10 24 24 61
114:40

* 20 1.10 32 32 68
13740

30 1:00 5 36 36 74
156:40
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SURFACE DECOMPRESSION TABLE USING AIR

Depth

(ft)

Bottom

time

(min)

Time to

first stop

(min: sec)

Time at water stops (min) Surface Chamber stops

Interval (air) (min)

Total

ascent time

50 40 30 20 10 20 10 (min:sec)

100

40

50

1:30

1 20

3 15 23:30

3 3 24 35:50

60 1:20 3 9 28 45:50

70 1 20 3 17 39 64:50

80 1 20 23 23 48 99.50

90 1:10

100 1:10

110 1:10 10

120 1:10 12

3
7
0
2

23 23 57 111 :50

23 23 66 124:50

34 34 72 155:50

41 41 78 177:50

30 1:40 3 7 15:40

110

40 1:30

50 1:30

60 1:30

70 1:20 1 23

80 1:20

90 1:20 12

100 1:20 15

7
2
5

37

3
3
0
2
2
8
5 3 21 33:00

8 26 43:00

18 18 36 78:00

23 48 101 :00

23 57 116:00

30 64 142:00

37 72 167:00

120

25 1:50

30 1:50

40 1:40 3

50 1:40 15

60 1:30

70 1:30

80 1:30 15

90 1:30 19

100 1:30 23

2
4
5
4
8

22

23

27

37

45

130

25 2:00

30 1:50

40 1:50

50 1:40

60 1:40

70 1:40

80 1:30

90 1:30

3
8

ოო3

3

3

3

10

16

19

19

3
4
6
5
9

21

23

24

35

45

T
O
T
A
L

T
I
M
E

F
R
O
M

L
A
S
T

W
A
T
E
R

S
T
O
P

T
O

F
I
R
S
T

C
H
A
M
B
E
R

S
T
O
P

N
O
T

T
O
E
X
C
E
E
D

5M
I
N
U
T
E
S

6 14:50

14 22:50

5 25 39:10

15 31 67:10

22 45 97:10

23 55 116: 10

27 63 138:103
5
5

37 74 173:10

45 80 189:10

3

10

21

23

24 61

35

45

២~២នដ៣ ៨ថ
10 19:00

18 30:20

25 51:20

37 88:20

52 113:20

131 :20

72 170:20

80 203:20

20 2:10 3 6 15:10

140

25 2:00 3 3 14 26:30

30 2:00 5 5 21 37:30

40 1:50

50 1:50

60 1:50 16

70 1:40 4 19

80 1:40 10

2
6
6
9
3

16 16 26 66:30

24 24 44 104:30

23 23 56 124:30

32 32

41 41

8
8
8
8

68 161 :30

79 200:30

150

20 2:10

25 2:10

30 2:10

40 2:00 5 19

3
4
8
9

3 7 19:40

4 17 31:40

8 24 46:40

19 33 82:40

50 2:00 12 23 23 51 115:40

60 1:50

70 1:50 11

80 1:40 1 17

3
2
7

19

19

19

9
5
9

26 26 62 142:40

39 39 75 189:40

50 50 84 227.40
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SURFACE DECOMPRESSION TABLE USING AIR

Bottom

Depth

(ft)

time

(min)

Time to

first stop

(min:sec)

Time at water stops (min) Surface Chamber stops

Interval (air) (min)
50 40 30 20 10 20 10

Total

ascent time

(min:sec)

160

20 2:20 3

25 2:20 7

30 2:10

40 2:10

50 2:00

170

180

190

H
O
M
E

8
8
8
8
8

2
8
8
8
8

~U
R
L
O

60 2:00

70 1:50 1 17

2
4
7 9

2
7
0
0
2
2
0
0
3

11

23

16 23

19 33

44

15 2:30 3

20 2:30 4

25 2:20 2 7

30 2:20 4 13

40 2:10

50 2:10

60 2:00

70 2:00

2
02

8

1
5
5
7

1 10 23

18 23

22 37

19 51

15 2:40 3

20 2:30

25 2:30

30 2:30

40 2:20

50 2:10

60 2:10

2
5

16

3
5
6

14

19

19

1
3
6
0
0

5

10

17

23

30

44

15 2:50

20 2:40

25 2:40

30 2:30

40 2:30

50 2:20 4

60 2:20 10

1
0
3
7

2
5
8

6

11

19

8 14 23

22 33

19 50

3

7

11

23

23

33

44

11

C
O
N
T
E
R
A

B
o
u
w

g
w
~~w
v
a
W

13

23

23 61

37

51

3

5

10

17

23

30

44 81

F
O
R
K

F
O
R

N
O

.

11 23:50

20 40.50

25 55:50

39 98:50

55 125.50

69 169: 50

80 214:50

5 18:00

15 30:00

23 46:00

26 63.00

45 109 00

137:00

74 194:00

86 239:00

6 19:10

17 35:10

24 54:10

27 74:10

50 120:10

65 162: 10

216.10

4 7 22:20

6 20 41:20

25 59:20

19 32 86:20

23 55 130:20

33 72 184:20

50 84 237:20

T
O
T
A
L

T
I
M
E

F
R
O
M

L
A
S
T

W
A
T
E
R

S
T
O
P

T
O

F
I
R
S
T

C
H
A
M
B
E
R

S
T
O
P

N
O
T

T
O
E
X
C
E
E
D

5M
I
N
U
T
E
S
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CHAPTER EIGHT

DIVING EMERGENCIES

An emergency , by definition , is an unforeseen com-

bination of circumstances or the resulting state that

calls for immediate action . Because of the character-

istics of the underwater environment , a situation which

might only be annoying on the surface may assume

life-or-death proportions for a working diver.

By training and experience , a diver must be able to

handle the wide range of actual and potential emer-

gency situations which he may encounter . He must be

able to separate the important from the trivial , while

at the same time recognizing the dangers which a

seemingly minor symptom or event may foreshadow.

He must be able to identify and properly reactto the

warning signals of various physiological disorders,

whether affecting himself or other divers. He must

have a working knowledge of the most effective meth-

ods for handling physical emergencies (such as

entrapment or malfunctioning equipment) as well as

a basic knowledge of the correct steps to be taken.

in treating medical emergencies .

And, most importantly, he must be able to work to-

ward solving the emergency while he himself is under

the emotional and physical stress which is almost

certain to be one component of any emergency

situation .

Knowledge and training are vital . Men who are well-

trained , well -rested , alert and confident , only rarely

cannot cope with an emergency. An operation that is

thoroughly planned , with a carefully paced workload

and the prior organization of all necessary personnel ,

equipment and supplies , tends to be a safer operation .

Equipment in good repair , properly maintained and

not jury-rigged or "adapted" to a non-designed task,

is usually safe equipment . And finally, while the en-

vironment of the dive cannot be directly controlled ,

it can be understood and any hazardous elements

provided for with special training , equipment or

scheduling .

This chapter does not cover every possible situation

which may cause problems for a diver, nor will it

serve as a text on basic First Aid . Other sections of

this manual cover general work procedures , including

somewhich apply in emergency situations, and other

publications present sufficient material on general

medical procedures that this information need not

be repeated here.

This chapter specifically details those emergencies

which-

-may be a matter of life or death

- are unique to diving

-may seriously interfere with the success of an

operation

MEDICAL EMERGENCIES-

IMMEDIATE ACTION 8.1

Diving personnel who require emergency medical

treatment fall into one of two classes: those who re-

quire recompression , and those who do not . All mem-

bers of the diving team should be able to make this

differentiation and should have sufficient knowledge

and training to proceed with appropriate treatment

or corrective action . It may well be that no treatment

would be the most appropriate course of action ,

especially for non-medical personnel , and the first

rule of first aid is to do nothing that will do harm to

the patient. However, there are four medical problems

which must be solved immediately and cannot wait

for the arrival of medical personnel .

In order of priority, the immediate actions which must

be taken are—

-assure clear airway

-restore breathing

-assure heart function

-stop massive bleeding

Following these four steps, a more thorough diagnosis

of the problem can be made and the assistance of

more-qualified personnel obtained . From that point,

the person helping a severely injured man will best

serve his patient by protecting him from further harm ,

and by striving to maintain breathing , heart beat and

blood circulation in a stable condition . Other treat-

ment, such as placement in a recompression chamber,

may be concurrent with these procedures . This will

be covered in a later section .

Resuscitation 8.1.1 Resuscitation is a general

term which covers all the measures taken to restore

vital signs, particularly breathing and heart beat .

These measures include pulmonary resuscitation

to restore breathing and cardiac resuscitation to

re-establish normal heart action .
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PULMONARY RESUSCITATION 8.1.1.1 . A ces-

sation of breathing , leading to asphyxia , can very

quickly result in cell damage and death . The problem

may be the result of a number of factors which must

be considered in connection
with any attempts to

restore breathing . These are-

1. Mechanical blockage of the air passages by water,

vomitus, blood clots , or foreign bodies.

2. Blockage of the air passages by abnormal swel-

ling and increased secretions of mucous mem-

branes which may be caused by allergic reactions

or severe inflamation .

3. Dysfunction of the respiratory muscle action or

disruption of the chest breathing action which

may be caused by chest trauma.

4. Paralysis of the respiratory system as a result of

nerve injury caused by-

a) damage to the spine or brain

b) electric shock

The first action is to assure a clear airway before start-

ing resuscitation . Vomitus or objects lodged in the

throat , for example, can often be cleared with a finger

(taking care not to push the material more firmly into

place) .

Once a clear airway has been established , manual

pulmonary resuscitation may be started . Manual re-

suscitation should be continued until a mechanical

resuscitator is made available.

Mouth-to-Mouth Resuscitation Of the several

methods of manual pulmonary resuscitation which

have been developed - mouth-to-mouth, back pres-

sure-armlift, chest pressure-armlift, back pressure-

hiplift-the only effective , and the method of choice

for initial resuscitation until a bag resuscitator is

available, is the mouth-to-mouth technique . Although

the other techniques may prove of value in certain

situations , such as excessive vomiting or facial in-

juries , the mouth-to-mouth is the only successful

technique in the majority of cases. Detailed instruc-

tions for performing mouth-to-mouth resuscitation

will be found in Figure No. 8-1 .

If an S-shaped airway is utilized , it should be of the

pop-apart type so as not to interfere with the

application of a mask to the patient's face.

(Figure 8-1 Repositioned by Change 2)
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Extend Head

Draw down the victim's lower lip . Pull chin upward until head is

tilted back fully . Pinch off the nostrils with your other hand, this

prevents air leakage when inflating the lungs.

Lift Neck

Tilt head backwards as far as possible . To perform head tilt the

victim must be lying on his back . The rescuer places one hand

beneath the patient's neck andthe other hand on his forehead . He

then lifts the neck with one hand and tilts the head backwards by

pressure with his other hand on the forehead . This maneuver

extends the neck , lifts the tongue away from the back of the throat

and opens the airway . The head must be maintained in this

position at all times . This can be done by slipping a rolled towel

under the shoulder at the base of the neck for support .

Head tilt is usually adequate to open airway . However , in a few

cases , further assistance may be required . This can be ac-

complished by the rescuer placing his fingers behind the angles of
the

victim's
jaw and ( 1 ) forcefully displacing the mandible

forward
, while (2) tilting the head backwards , while (3) using his

thumbs
to retract the lower lip to allow breathing through the

mouth.

Inflate Lungs

Place your mouth over the mouth of an adult or large child.

For a small child place your mouth over both the nose and

mouth . Make a tight seal and blow into the air passages until

the chest rises . Infants and small children only need small

puffs of air. Remove your mouth and let the patient breathe

out through his nose or mouth . Continue this at the rate of

10-12 times per minute for an adult, and at least 20 times a

minute for a child . For Mouth to Nose Resuscitation , inflate

the lungs through the nose , keeping the mouth closed .

Figure8-1

Mouth-to-Mouth resuscitation.
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Use ofthe airway offers not only an aesthetic advan-

tage over direct mouth contact , but also helps to

maintain a clear air passage . However, the airway

may causethe patient to gag and vomit if left in place.

when he starts to respond to resuscitation efforts.

Mouth-to-mouth resuscitation must be continued

without interruption . If the principal attendant be-

comes fatigued , his relief must take over without

breaking the rhythm . If the patient shows any signs of

an effort to regain natural breathing , the timing of the

cycle should be adjusted to match his effort . If the

patient starts to breathe for himself, he should be

watched closely and resuscitation resumed if his

effort falters or seems to become too feeble .

Once mouth-to-mouth resuscitation has begun , treat-

ment of other injuries can be administered . The patient

should be kept lying down . He should be made as

comfortable as possible; wet clothing should be re-

moved, and he should be kept warm . No attempt

should bemade to give him any food , drinkormedicine

by mouth until he is fully conscious . And , as promptly

as possible, he must be examined by a medical

officer-even if there do not seem to be any residual

ill-effects from the emergency.

Mechanical Resuscitation -A bag resuscitator, a

simple, hand-powered device, can be substituted for

mouth-to-mouth resuscitation when it is immediately

available (Figure 8-2) . It allows the use of oxygen to

assist respiration and is readily employed in recom-

pression chambers . All diving units should be

equipped with an AMBU-type resuscitator, and all

members of the diving team should be thoroughly

familiar with the proper operation of the apparatus.

CARDIAC RESUSCITATION 8.1.1.2 Cardiac ar-

rest may result from electric shock or asphyxia, or it

can be caused by a combination of factors such as

hypoxia, shock or embolism. There are a number of

other causes; but, in the immediate emergency situa-

tion , the cause is not as important as the effort to

restore or mechanically reproduce-the heart beat.

Arrest of heart action can be recognized by the ab-

sence of pulse in the major vessels. If the heart has

been interrupted more than four minutes, irreversible

damage tothe brain and other vital organs will usually

result.

Closed-chest cardiac massage is a method for

artificially continuing the flow of blood to the central

nervous system and vital organs . Hopefully, the

The victim is placed on his back in a comfortable position

and a " pillow" (in this case a wet suit top) is positioned under

his neck. His wet suit top is opened .

His chin is then lifted ,

and his mouth cleared of

any foreign matter.

The resuscitator mask is then placed and firmly held over his

nose and mouth, and the bag is squeezed and released in a

rhythmic manner to simulate normal respiration . The operator

should checkthe victim's chest movements to insure proper

operation of the resuscitator.

The mechanical bag resuscitator may also be used with a

pure oxygen supply. Operational procedures are identical

except that oxygen rather than air is forced into the victim's

lungs.

Figure 8-2 Mechanical Bag Resuscitator

closed-chest compression will result in a spontaneous

resumption of the heart beat . If it does not , compres-

sion is continued while the patient is being moved to

an area of complete medical assistance . Cardiac

compression shall be continued until ( 1 ) effective

spontaneous circulation and ventilation have been

restored , (2) a physician assumes responsibility and

directs a stop , and (3) the rescuer is totally ex-

hausted and unable to continue .
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In closed-chest cardiac compression , the operator

applies pressure on the victim's breastbone , which

squeezes his heart and serves to simulate the normal

pumping action . At the same time , the victim's lungs

must be ventilated using mouth-to-mouth resuscita-

tion , or preferably, 100% oxygen administered with a

bag resuscitator . Heart-lung resuscitation will help to

offset the asphyxia and hypoxia which are a natural

result of cardiac arrest ; without the circulation of

blood , the cells of the brain , and the rest of the body

will die due to lack of oxygen . A detailed procedure for

performing heart- lung resuscitation is described in

Figure No. 8-3 .

Control of Massive Bleeding 8.1.2 Massive

bleeding must be immediately controlled . If the victim

also requires resuscitation , the two problems must be

handled simultaneously. Bleeding may involve ar-

teries, and both the urgency and method of treatment

may be determined in part bythe nature ofthe source .

翼血

Check for pulse at either side of the windpipe on the neck.

If none is present, lift neck and extend head to open air

passage.

Go into a kneeling position on either side of the patient . Then

place the heel of one hand on the lower third of the breastbone

with the fingers pointing toward the patient's armpit . Now

place the other hand directly on top of the first as shown by

the illustration.

Press downward , using your body weight, compressing the

chest approximately 1/2 inches. (Always use less pressure with

children orthe aged . ) Release pressure immediately. Compress

the chest and release once every second , eight consecutive

times. After eight compressions , ventilate the lungs ONCE

using mouth-to-mouth technique.

This cycle should be maintained by continuously alternating

mouth-to-mouth resuscitation with the heart massage . Observe

for return of spontaneous cardiac action every 3 minutes.

Heart-lung resuscitation ; call doctor at onceFigure 8-3
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be applied when amputation is judged an inevitable

consequence of the wound.

EXTERNAL VENOUS HEMORRHAGE 8.1.2.2

Venous hemorrhage is not as dramatic as severe

arterial bleeding , but if left unchecked , can be equally

serious. Venous bleeding can almost always be ade-

quately treated by direct pressure on the wound .

MEDICAL EMERGENCIES-

NON-RECOMPRESSION TREATMENT 8.2

Any emergency in a diving situation could result in a

requirement for medical treatment. Many of these.

emergencies are analogous to those encountered in

any environment , and normal first aid measures are

employed . In some circumstances, such as traumatic

injuries occuring under water , the need for decom-

pression may complicate procedures. Thus the need

for adequate dive decompression may affect wound

management techniques. In serious situations a

judgement may be required to bypass normal de-

compression and risk decompression sickness in

favor of rendering immediate aid to the diver.

Aside from the complications introduced by recom-

pression considerations , medical aid follows the

procedures in the Handbook of the Hospital Corps

NAVMED P-5004 . This section of the Diving Manual

concerns disorders which are unique to diving , re-

quire special procedures, and are not treated by

recompression . For convenience these problems can

be divided into two areas -

1. Respiratory emergencies , as directly related to

the quantity and quality of the breathing supply.

2. In-water emergencies with direct medical

involvement.

The most serious conditions which can apply to any

of these categories have already been covered -

cessation of breathing

cardiac arrest

massive hemorrhage.

A potentially serious symptom which may be common

to these categories is loss of consciousness which

may be both a warning of a severe problem and a

complicating factor in any diagnosis.

Loss of consciousness can be the result of near-

drowning , inadequate oxygen , an oxygen convulsion

or an excess of carbon dioxide in the blood . But , in

diving , loss of consciousness must be considered to

be a symptom of the most dangerous problems - gas

embolism and decompression sickness . Recompres-

sion should be given in almost every case of uncon-

sciousness simply because it is seldom possible to

be certain that it is not essential . If satisfied that re-

compression is not called for in a given case , then

treatment can progress along other lines, as outlined

in the following sections.

Respiratory Emergencies 8.2.1 All human life

is directly dependent upon the quantity and quality of

its breathing mixture . Any deviations from estab-

lished standards can result in a number of respiratory

problems. Because of the particular nature of the un-

derwater environment, any such problem -which on

the surface might easily be handled as a transient

annoyance-must be handled as an emergency.

Not all respiratory problems must necessarily result

in the termination of the dive - if they are identified

and corrected soon enough . With most, however, the

need to ensure the safety of the diver will outweigh an

operational requirement to complete a planned dive,

and the diver should be brought to the surface for

treatment and thorough examination by medical per-

sonnel . Beware of the diver who reports from the bot-

tom "I think I'm OK now" and wants to continue his

assignment.

Every diver and every other member of the diving

team must know the warning signs and symptoms of

each of these problems :

Oxygen deficiency (hypoxia)

Carbon dioxide poisoning

Carbon monoxide poisoning

Asphyxia

Strangulation

Chemical irritants

Nitrogen narcosis

Oxygen poisoning (toxicity)
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SYMPTOMS/TREATMENT OF RESPIRATORY DIS-

ORDERS 8.2.1.1

A.

B.

Oxygen Deficiency-Although the specific

cause varies as discussed in Chapter Three,

the following disorders all result in the same

condition-a shortage of oxygen reaching the

cells for normal metabolism . In summary, these

disorders are-

-Hypoxia, caused by loss or inadequacy of

the air supply.

-Carbon dioxide poisoning , resulting from

inadequate ventilation of apparatus , over-

exertion , controlled or "skip " breathing , ex-

cessive dead space in equipment.

-Carbon monoxide poisoning , caused by

induction of exhaust fumes into the air supply

compressor.

-Asphyxia , simultaneous oxygen deficiency

and carbon dioxide excess usually caused

by loss or inadequacy of the air supply.

- Strangulation , obstruction of the airway by a

foreign object, laryngal spasm or abnormal

swelling.

-Chemical irritants , presence of irritating

chemicals contaminating the air supply re-

sulting in pulmonary edema.

Symptoms of Oxygen Deficiency-The fol-

lowing signs and symptoms may be noted in

situations involving oxygen deficiency-

Labored breathing

Mental confusion

Bad taste

Nausea

Unconsciousness

Lack of muscular

coordination

Headache

Chest discomfort

Weakness

Treatment of Oxygen Deficiency-The fol-

lowing procedures should be followed if oxy-

gen deficiency is suspected-

1. Abort the dive.

2. Switch to an alternate air supply.

3. Send down the standby diver to assist.

4. Thoroughly ventilate the apparatus .

5. Administer 100% oxygen .

Nitrogen Narcosis-The narcotic effect of

high partial pressures of nitrogen can produce

euphoria, disorientation , lapses of rationality

C.

orjudgement, and other behavior similar to that

of alcoholic intoxication . Nitrogen narcosis is

normally encountered below 100 ft . and may

result from exceeding established depth limits .

Treatment of Nitrogen Narcosis - Reduction

ofthe nitrogen partial pressure is the standard

procedure for treatment. Specifically-

1. Diver should ascend to a shallower depth .

2. If mental acuity is not restored , abort the

dive .

Oxygen Toxicity-As discussed in Chapter

Three, oxygen toxicity (poisoning) can result

from the inspiration of oxygen at partial pres-

sures greater than 0.6 ata . Established depth

and bottom time limits normally preclude the

possibility of the development of in-water oxy-

gen toxicity in air diving . Oxygen toxicity in air

diving may be encountered while administer-

ing 100% oxygen during surface decompres-

sion procedures .

Symptoms of Oxygen Toxicity-The following

signs and symptoms may be noted in situa-

tions involving oxygen toxicity-

Muscle twitching

Muscle twitching

Nausea

Dizziness

Abnormal vision

(particularly "tunnel

vision")

Hearing abnormalities

Convulsions

Behavioral abnormalities ( irritability,

anxiety, confusion , unusual fatigue)

Incoordination Convulsions

Treatment of Oxygen Toxicity- Procedures

for treating oxygen toxicity involve immediate

reduction in oxygen partial pressure and pro-

tection of the diver from physical injury if he

begins to convulse . Specifically-

1. Stop mask breathing and breathe chamber

atmosphere.

2. If symptoms persist, switch to an air decom-

pression schedule.

3. If the diveris having convulsions , protect

him from physical harm and protect his

tongue with a padded depressor.
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In-Water Emergencies With Direct Medical In-

volvement 8.2.2 Emergencies discussed in this

section are those which arise out of the nature of

the diving environment-drowning , pressure imbal-

ance, and problems of low temperatures and heat loss

leading to emergency conditions.

DROWNING 8.2.2.1 A swimmer can fall victim to

drowning because of over-exertion , panic , inability

to cope with rough water, exhaustion , or the effects of

cold water or heat loss (see page 8-8) . These same

factors can affect a diver but, if he is properly

equipped , trained and monitored by a buddy or a sur-

face tender , drowning should be a remote possibility.

Unfortunately, divers do drown- even when equipped,

trained and tended.

Drowning with deep-sea gear is rare . It can happen if

the helmet is not properly secured and comes off, or

ifthe diver is trapped in a head-down position with the

spit cock open, his chin pressing on the chin button ,

or his suit torn . Normally, as long as he is in an upright

position and has a supply of air he can keep the water

out of his helmet no matter what the condition of his

suit.

Divers wearing lightweight or SCUBA gear can drown

if they lose or ditch their mask or mouthpiece . This

could be the direct result of the failure of the air sup-

ply, or of panic in a hazardous situation . The SCUBA

diver, because he is so directly exposed to the envi-

ronment, can be directly affected by the same condi-

tions which may cause a swimmer to drown .

The prevention of drowning is best insured by the

establishment of, and thorough training in , safe div-

ing practices coupled with the careful selection of

diving personnel . A physically-fit, confident diver,

equipped with proper gear , should not easily fall vic-

tim to drowning . At the same time, however, over-

confidence-in both self and equipment- can give a

feeling of security that might lead a diver to take

dangerous risks .

The treatment of near-drowning falls into two phases:

one, restore breathing and heartbeat, and , two, call

for assistance from qualified medical personnel . Re-

gardless of the mildness or severity of a near-drown-

ing case, all victims should be hospitalized as quickly

as possible . The occurence of pulmonary edema (ac-

cumulation of fluids in the lungs) , pneumonia, and

other complications may be delayed for many hours

after the incident and proper medical observation is

essential . Subsequent to resuscitation while awaiting

transportation to medical facilities, the patient should

be kept warm and rested .

SQUEEZE 8.2.2.2 Basically, squeeze or baro-

trauma is caused by a lack of pressure equalization

between parts of the body or between the body and

diving equipment . It normally occurs during descent.

A full discussion of the topic will be found in Section

3.6. Squeeze may be categorized by location and/or

cause as follows-

-Middle-ear squeeze, caused by a blocked eusta-

chian tube .

- External -ear squeeze , caused by a hood or other

piece of equipment covering the external ear

passage .

-Lung (thoracic) squeeze , which may happen when

the air in the lungs is compressed to less than re-

sidual volume . This could happen in an extremely

deep breathhold (free) dive.

-Bodysqueeze (with deep-sea diving dress) , caused

by a failure of the air supply to balance water pres-

sure; can be precipitated by a fall into water of

greater depth, or by the malfunction or maladjust-

ment of supply and exhaust valves , or by the ab-

sence or failure of the safety air non - return valve .

- Face-mask squeeze , caused by a failure to equal-

ize air in the mask by nasal exhalation , or, with full-

face mask, by malfunction of the air supply orthe

valving .

-Suit squeeze , normally occurs in dry-type suits in

which a pocket of air becomes trapped under a fold

or fitting and pinches the skin in the fold area.

Treatment of Squeeze -Squeeze may be relieved

bythe following procedures-

1. Stop descent.

2. If efforts to equalize pressure fail , ascend to shal-

lower depth .

3. If further efforts to equalize pressure fail , abort the

dive.
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4. If an ear drum rupture is suspected , send down the

standby diver to assist.

5. Report any physical injury to the medical officer

for appropriate treatment.

HYPOTHERMIA 8.2.2.3 Immersion hypothermia

(significant loss of body heat) is a potential

hazard whenever diving operations take place in

cool-to-cold waters . By providing insulating garments

or garments which supply heat to the diver, limiting

the duration of cold water dives , and rewarming the

diver completely between dives , hypothermia can be

prevented . Adequate thermal support for divers is a

necessity if operations are to proceed safely . A diver

who has become chilled must be brought out of the

water before serious complications arise , and his heat

losses must be restored.

Immersion in cold water may be immediately painful

and distracting even before significant heat is lost .

The hypothermic diver loses muscle strength and the

ability to concentrate . He may be irrational or

confused . Continued chilling can result in collapse or

unconsciousness .

Diagnosis of hypothermia is easy if the condition is

suspected , but may be complicated by additional

diving injuries . The skin is cold . The victim may shiver

violently, or with severe hypothermia shivering may

be replaced by muscle rigidity . Profound hypothermia

may so depress the heartbeat and respiration that the

victim appears dead .

The treatment of hypothermia is rewarming . In mild

cases, when the diver is only chilled , treatment is still

important if diving operations are to continue .

Hypothermia severe enough to cause confusion or

unconsciousness is a medical emergency, and

medical assistance should not be awaited before

beginning rewarming . In profound hypothermia , even

when it appears that breathing has stopped and there

is no cardiac action , rewarming should be attempted.

The quickest and most efficient way to rewarm the

diver is with hot water, either in a bath or directed

underthe diver's suit . Rapid rewarming , if necessary,

is best accomplished using water from 104-111 °F

(40-44 °C) which is as hot as a normal person can

tolerate on the immersed hand or arm . If no hot water

is available , the next alternative is to dry the diver and

provide him with warm clothes or blankets and a

warm room , or heat from another source .

A diver should be completely rewarmed before

attempting a repetitive dive in cold water. Studies

have shown that men suffering from heat loss

invariably report feeling warm again very soon after

they stop shivering , when rewarming is less than half

complete. A simple indicator that rewarming has been

carried on long enough is the onset of sweating . In

repetitive diving with cold exposure , the operation

should be planned so that the diver is rewarmed to the

point of sweating before his next dive.

GAS EXPANSION 8.2.2.4 Occasionally, a diver

may experience various types of internal gas expan-

sion . For example , in rare instances, a middle ear

or sinus that has equalized on descent may block on

ascent, trapping a pocket of gas . Slowing the rate

of ascent will usually permit the gas to escape with-

out additional complications .

A more common condition results from the genera-

tion of gas in the intestines during a dive , or from the

swallowing of air which becomes trapped in the stom-

ach . These pockets of gas will usually work theirway

out of the system through the natural vents . If not, and

if the pain begins to pass the stage of mild discom-

fort , ascent should be halted and the diver should

descend slightly until the pain is relieved . Then , he

should attempt to belch or release the gas anally-

with a caution , however; overzealous attempts to

belch may result in swallowing more air.

Most intestinal gas expansion can be avoided by a

few simple precautions- do not dive with an upset

stomach or bowel , avoid eating foods which are likely

to produce intestinal gas , and avoid swallowing air

during a dive.

OPERATIONAL HAZARDS 8.2.3 Most diving sit-

uations which can be considered to be emergencies
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have been mentioned in previous chapters . Theywill

be briefly recounted in this section , with some elabo-

ration when necessary for a clear understanding of

the problem and the solution .

BLOW-UP 8.2.3.1 Blow-up occurs , with deep-sea

gear, when the diver becomes over-buoyant and is

carried upward in an uncontrolled ascent. As he rises ,

the expanding air in the suit progressively increases

the rate of ascent, far beyond the point at which he

can counteract the buoyancy by trying to dump air

through his exhaust valve . Blow-up can lead to a num-

ber of serious problems , including gas embolism , de-

compression sickness , and physical injury from

collision with surface objects . Additionally, should the

diving suit rupture from the high internal pressure , the

diver can fall back into the depths where he might be

exposed to squeeze or drowning .

A diver should be particularly wary of the possibilities

of blow-up when executing any maneuver which re-

quires an increase in buoyancy- particularly if trying

to free himself from a muddy bottom or similar situa-

tion where he is likely to suddenly break free. For a

SCUBA diver, the condition can develop from under-

water inflation of a life vest.

The possibility of blow-up is also high when engaging

in underwater jetting or tunneling , where the silt or

sand stirred up by the hose can clog the exhaust

valve, resulting in a gradual , often unnoticed , buildup

of air in the suit . It is good practice to work the chin

button at regular intervals to ensure that the exhaust

valve is clear and working properly .

Blow-up can also occur when a diver over-adjusts his

air flow while trying to offset or avoid a squeeze. If a

diver starts to fall underwater, facing the possibility of

a serious squeeze , he may have to put himself into a

blow-up condition on purpose . In general , blow-up

poses the lesser immediate danger in such a case.

If caught in a blow-up, the diver must exhale continu-

ously to avoid gas embolism . When reaching the sur-

face, he should vent enough air to prevent rupture of

the suit while at the same time maintaining positive

buoyancy. The tenders should take in the slack in the

lines , get the diver out of the water and quickly ex-

amine him for signs of serious injury. If the dive did

not require decompression , and if the diver appears

to be uninjured , he should be closely watched and

kept in the vicinity of the recompression chamber for

several hours . If the diver did require decompression ,

or if any signs of decompression sickness or embo-

lism appear, he should be put in the chamber at

once.

FOULING AND ENTRAPMENT 8.2.3.2 Fouling

and entrapment are more common with surface-sup-

plied gear because of the ease with which the lines.

can become entangled . The diver must be particularly

careful and watch not only his own lines but those of

other divers as well .

While the surface-supplied diver may more easily

become fouled , at the same time he will usually have

an ample air supply while working to get free. The

SCUBA diver may have no recourse but to ditch his

gear and make a free ascent ; if his body is trapped ,

he must face the possibility of running out of air be-

fore he can work free . This is another reason for always

working with a buddy diver.

The first and most important action that a trapped

diver can take is to stop and think . He must remain

calm, analyze the situation , and carefully try to work

out of it. Panic and over-exertion are the greatest dan-

gers to the trapped diver, and if a simple effort will

not resolve the situation , he should get help . Always

keep in mind that a new umbilical can be provided to

the surface-supplied diver, and that the SCUBA diver

can be given a new apparatus or furnished with air by

his buddy.

Once the diver has been freed and returns to the sur-

face , he must be examined and treated with the fol-

lowing considerations in mind-

-He will probably be over-tired and emotionally

exhausted .

-He may be suffering from , or approaching

hypothermia.

-He may have some physical injury.

-A SCUBA diver may be suffering from asphyxia; ad-

ditionally, if he has made a free ascent, he may
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have gas embolism .

-Prolonged decompression will most likely be

required .

EQUIPMENT FAILURE 8.2.3.3 With good equip-

ment, well maintained and thoroughly inspected and

tested before each dive , actual operational failure

will rarely be a problem . When a failure does occur ,

the correct procedure will depend upon the nature

of the equipment and the nature of the dive. As with

most emergencies, the training and experience ofthe

diver and the diving team will be the most important

factor in safely resolving the situation .

LOSS OF AIR SUPPLY 8.2.3.4 With surface

supplied deep-sea gear (MK 5) , the diver will have

sufficient air to breathe for about 7 minutes after a

complete loss of air supply . He should close both the

inlet, exhaust , and spitcock valves to conserve his air,

and notify topside of his problem . If a cut hose is the

cause ofthe trouble , the standby diver can bring down

and attach another hose . Otherwise , the diver must

get to the surface . Since he can no longer increase

suit displacement , he must jettison weights to initiate

a contolled blow- up .

A SCUBA diver without air or with a malfunctioning

unit, should buddy breathe and ascend .

LOSS OF COMMUNICATIONS 8.2.3.5 Loss of

contact, either visually (as between buddy divers)

or over a diver-tender communication system , can

bethe first sign of a serious problem . Additionally, be-

cause coordination between divers , or between a

diver and his tender, is interrupted , dangerous situa-

tions can rapidly develop.

The correct procedure - quickly determine that the

buddy is not in trouble close at hand , but do not waste

time in extended search . Get to the surface and notify

the Diving Supervisor. It may well be that the other

diver is already on the surface , or will be soon joining

up as he follows the same procedure . Otherwise , the

alerted Diving Supervisor will be able to take im-

mediate action to muster all available assistance .

If telephone communications are lost with deep-seal

gear, it may be that the system has failed - or it may

be that the diver is in trouble .

The correct procedure-

-try line-pull signals at once ; but keep in mind.

that, because of depth , current , bottom or work

site conditions , they may not always work.

-check the rising bubbles of air, look for a

cessation or marked diminution which could

be signs of trouble.

- listen for sounds from the diving helmet . If

no sounds are heard , the circuit is probably

out of order. If the flow of bubbles seems nor-

mal, the diver may well be all right.

-if sounds are heard but the diver does not

respondto signals , assume that he is in trouble.

-if another diver is on the bottom , have him in-

vestigate; or send down the standby diver.

Deleted by Change 2

LOST DIVER 8.2.3.6 In planning for an operation I

using SCUBA, " lost diver" procedures must be in-

cluded and understood by all personnel.

The first stage of a lost diver condition is when com-

munications have been lost. If the diver is not quickly

located , or found at the surface (following correct lost

communications procedure) , the Diving Supervisor

must immediately institute search procedures. Atthe

sametime , medical personnel should be notified and

the recompression chamber alerted.

If the lost diver has become trapped or been injured

and if visibility is good , it should not be too hard to

locate and assist him . If visibility is poor, the difficulty

is greatly increased , as is the danger to the diver.

This, of course, is one reason for the requirement

that SCUBA divers working under poor conditions

must be equipped with a buddy line or a surface-

tended life line.

A lost diver is often a disoriented diver who has lost

his bearings and moved out of the operating area.

Or he may be suffering from nitrogen narcosis or any

other situation involving his breathing mixture , which

can result in confusion , dizziness, anxiety or panic.

Unknowingly, he could harm those attempting to re-

scue him . When located , his rescuer should approach

him cautiously to prevent being harmed while his

condition is briefly analyzed .

If the diver is unconscious when found , he must be

immediately brought to the surface . If it is possible.
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to provide him with a cleared air supply (such as a

single hose demand SCUBA with a purge button) his

rescuer should do so during the ascent .

MEDICAL EMERGENCIES REQUIRING

RECOMPRESSION 8.3

There are two basic classes of medical emergency

which require treatment by recompression-gas

embolism (and several related conditions) and de-

compression sickness. Gas embolism is the most

dangerous, and must be treated as an extreme emer-

gency. It is an accident which can occur during a

brief , shallow dive-even a dive made in a swimming

pool with breathing equipment. It develops rapidly,

and must be treated quickly . Decompression sickness

can be just as serious , but may develop quite gradu-

ally up to 24 hours afterthe completion of a seemingly

routine and uneventful dive . Decompression sickness

is not unique to diving - it can affect aviators or men

working in pressure chambers- but can only occur

when "decompression " (a reduction in the pressure

surrounding the body) has taken place .

Omitted Decompression 8.3.1 Certain emer-

gencies may interrupt or prevent specified decom-

pression . Blow-up , exhausted air supply , bodily injury

and the like constitute such emergencies . If the diver

shows any symptoms of decompression sickness or

gas embolism , immediate treatment using the

appropriate oxygen or air recompression treatment

table is essential . Even if the diver shows no

symptoms of ill effects , omitted decompression must

be made up in some manner to avert later difficulty .

Use of Surface Decompression Tables

The Surface Table Using Oxygen or the Surface Table

Using Air may be used to make up omitted decom-

pression only if the emergency surface interval oc-

curs at such a time that water stops are not required

or have already been completed .

Surface Decompression Tables Not Applicable

When the conditions which permit the use of the

surface decompression tables are not fulfilled , the

divers decompression has been compromised .

Special care must be taken to detect signs of

decompression sickness . The diver must be returned

to pressure as soon as possible . The use of a

recompression chamber is strongly preferred over

in-water recompression .

When a Recompression Chamber is Available

Even if the diver shows no ill effects but for his omitted

decompression , he needs immediate recompression .

Take him to depth as appropriate for Recompression

Treatment Table 5 , or 1A if no oxygen is available . If

he shows no ill effects , decompress him in

accordance with the treatment table . Consider any

decompression sickness developing during or after

this procedure as a recurrence .

When No Chamber is Available

Recompress the diver in the water . Keep the diver at

rest, provide a standby diver , and maintain good

communication and depth control . Use the following

procedure , which is based on the Standard Air

Decompression Table with 1 minute between stops :

-Repeat any stops deeper than 40 feet.

-At 40 feet, remain for one-fourth of the 10-foot stop

time .

-At 30 feet, remain for one-third of the 10-foot stop

time .

-At 20 feet, remain for one-half of the 10-foot stop

time .

-At 10 feet, remain for 1½ times the scheduled 10-

foot stop time.

8.3.2 ■Gas Embolism and Related Conditions

Gas embolism is caused by the expansion of gas

which has been taken into the lungs while breathing

under pressure and held in the lungs during an as-

cent. The gas might have been retained in the lungs

by choice (voluntary breathholding) or by accident

(as whenthe air passages become blocked) . The gas

could have become trapped in an obstructed portion

of the lung which was the result of damage from some

previous disease or accident . Or the diver, reacting

with panic to a difficult situation , may hold his breath

without realizing that he is doing so.

However the gas may have become trapped in the

lungs, it will expand as the diver rises. If there is

enough gas , and if it expands sufficiently, the pres-

sure will tend to force gas through the alveolar walls

and into the bloodstream and surrounding tissues .
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The gas thus forced into the blood may be carried by

arteries throughout the body . These gas bubbles may

lodge in the arteries , the spinal cord or the brain ,

cutting off blood circulation . Gas which has been

forced into the lung tissues may also dissect and

collect around the heart or in the chest causing

collapse of a lung .

The term gas embolism , as used in diving , refers to

gas which has been forced into the bloodstream . The

related conditions which result when the gas is forced

into the tissues are—

-mediastinal emphysema, gas trapped in the tis-

sues of the chest around the heart , great vessels

and roots of lungs.

-subcutaneous emphysema , gas trapped under the

skin often in the area above the clavicles and at

the base of the neck.

-pneumothorax , expansion of gas trapped be-

tween the lung and the chest wall , causing

collapse of the lung.

The potential hazard of gas embolism may be pre-

vented or substantially reduced by careful attention to

the following-

A. Medical selection of diving personnel , with

particular attention to elimination of men who show

evidence of lung disease or who have a past history of

respiratory disorders.

B. Evaluation of physical condition immediately

before a dive-any impairment of respiration , as from

a cold, bronchitis , etc., must be considered to be

potentially disqualifying .

C. Every diver must be given proper, intensive

training in diving physics and physiology as well

as in the correct use of various diving equipment.

Particular attention must be given to the training.

of SCUBA divers because of the comparatively high

incidence of embolism accidents experienced in

SCUBA operations.

D. A diver must never hold his breath during as-

cent from a dive in which breathing apparatus has

been used .

E. When making an emergency ascent, the diver

must exhale continuously. The rate of exhalation

must match the rate of ascent . For a free ascent ,

where the diver uses his natural buoyancy to carry

him toward the surface , the rate of exhalation must be

great enough to prevent embolism , but not so great

that the buoyancy factors are cancelled . With a

buoyant ascent , where the diver is assisted by an

external source of buoyancy such as a life preserver,

the rate of ascent may far exceed that of a free ascent .

The exhalation must actually begin before the ascent ,

and must be rapid and continuous . It is difficult for an

untrained diver to properly execute an emergency

ascent . It is also often dangerous to train a diver in

proper technique . No ascent training may be con-

ducted unless fully qualified instructors are involved,

and a recompression chamber is available in the

immediate vicinity.

F. Other factors in the prevention of gas embolism

include good planning , and adherence to the estab-

lished dive plan . Trying to stretch a dive to finish a

task can too easily lead to the exhaustion of the air

supply and the need for an emergency ascent. Fur-

ther,the diver must knowand followgood diving prac-

tices, must keep himself in good physical condition ,

and must not hesitate to report any symptoms what-

soever, no matter how trivial they might seem , to the

Diving Supervisor.

A case of gas embolism must be diagnosed quickly

and correctly. The supply of blood to the brain or

spinal cord is almost always involved , and , unless

promptly and properly treated (by recompression ) ,

gas embolism is likely to result in death or permanent

brain damage. By the same token , since the brain is

so rapidly affected , definite symptoms of gas embo-

lism are likely to show up within a minute or two after

surfacing . Any central nervous system (CNS) symp-

tom , other than unconsciousness , which develops

much later should not be regarded as the result of gas

embolism . This does not rule out , however, the possi-

bility of other medical conditions without CNS symp-

toms which are related to gas embolism.

As a basic rule , any diver who may have obtained a

breath from any source at depth - whether from diving

apparatus or from a diving bell-and who is uncon-
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scious or soon loses consciousness upon reaching

the surface, must be assumed to be suffering from a

gas embolism and recompression treatment must be

started immediately.

Other factors to consider in diagnosing gas

embolism are-

-the onset is usually sudden and dramatic , often oc-

curring within seconds after arrival on the surface , or

even long before reaching the surface . The signs

and symptoms may include dizziness , paralysis or

weakness in the extremities, blurring of vision or

convulsions . The diver may have noticed a sensa-

tion similar to that of a blow to the chest during the

ascent which could signify the rupture of a lung.

The victim may become unconscious without the

warning of any of these symptoms, and may even

stop breathing .

-some of these symptoms may also be experienced

by a diver suffering from decompression sickness.

If the dive has been to a depth of less than 33 feet,

decompression sickness is unlikely and embolism

must be assumed . If the only symptoms are pain,

gas embolism is unlikely and decompression sick-

ness or one of the gas embolism-related conditions.

(which are not usually acute emergencies) should

be assumed.

-some symptoms may be masked by environmental

factors or by other, less significant , symptoms .

A diver who is chilled may not be concerned with

numbness in an arm which may actually be the

sign of nervous system involvement . Pain from any

source may divert attention from other symptoms.

The natural anxiety that would accompany a "close

call " such as the failure of the diver's air supply

might mask an anxiety or state of confusion which

is being caused by a gas embolism affecting the

brain. A diver who is coughing up blood or bloody

froth may be showing signs of ruptured lung tissue

-orhe may merely have bitten his tongue or have

experienced a case of sinus squeeze.

Realistically, ambiguities of this sort will usually be

quickly resolved by the appearance of more severe

symptoms , however, once the diver is in the recom-

pression chamber, it may be difficult to evaluate.

symptoms which may be eliminated by the pressur-

ization . The treatment for gas embolism is longer and

more detailed than that accorded to other problems

requiring recompression because the danger from

brain damage is so much greater. ANY DOUBT AS

TO CORRECT DIAGNOSIS MUST BE RESOLVED IN

FAVOR OF THE DIVER-ASSUME GAS EMBOLISM .

The symptoms of mediastinal emphysema may in-

clude pain under the breastbone, shortness of breath

and faintness . These latter two would be the result

of the trapped gas pressing against the lungs , heart

and large blood vessels , thereby interfering with the

breathing and/or blood circulation . This might also be

evidenced by blueness (cyanosis) of the skin , lips or

fingernails.

Subcutaneous emphysema may not be noticed by

the victim except in extreme cases, although he might

experience a feeling of fullness around the neck and

may have difficulty in swallowing . The sound of his

voice may change , and an observer may also note a

marked swelling or inflation of the neck. Movement of

the skin nearthe collar bone may produce a crackling

or crunching sound (crepitation) .

Pneumothorax is usually accompanied by a sharp

pain in the chest which is aggravated by deep breath-

ing. To minimize this pain , the victim will be breathing

in a shallow, rapid manner. He may show signs of hy-

poxia and may exhibit a tendency to bend the chest

toward the side involved . If a lung has in fact been

collapsed by the trapped gas , it may be detected

by listening to both sides of the chest. A collapsed

lung will not produce audible sounds of breathing ,

depending upon the degree of collapse .

Decompression Sickness 8.3.3 Decompression

sickness results from the formation of bubbles in the

blood or body tissues and is caused by inadequate

decompression following a dive or other exposure to

high pressure . Inadequate decompression mayoccur

evenwhen normal precautions are followed . Abnormal

conditions in the diver or in his surroundings may

cause him to absorb an excessive amount of inert gas

or may inhibit the natural elimination of the dissolved

gas during normal controlled decompression .
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Decompression sickness is best prevented by ob-

serving these rules-

-Do not assign diving duties to personnel with phys-

ical disabilities , which can result in poor blood

circulation .

-Ensure , through direct observation and evaluation ,

that each man assigned to make a dive is in good

physical condition at the time of the dive . Alcoholic

intoxication or hangover, excessive fatigue or a

general run-down condition are sufficient reasons

to restrict a man from diving . If the Diving Super-

visor has any doubts, he should consult with a

diving medical officer and/or the Diving Officer.

-Prepare a thorough dive plan , measure the depth

accurately and carefully compute the time forthe

dive and decompression . Then, follow the plan.

Make no unplanned dives requiring decompression

avoid decompression dives using SCUBA when-

ever possible.

-Do not deviate from appropriate decompression

tables, unless there is some doubt as to the depth

or time of the dive . If so , select a table for a dive of

greater depth or longer duration.

-Ensure strict observance , by divers and topside

personnel alike , of standard work procedures and

safety rules, and ensure , through training schedules

and emergency drills , that all personnel will be able

to take appropriate action in an emergency.

-A diver must immediately report any post-dive

symptoms , even such seemingly minor things as a

slight itch or a tingling sensation .

Diagnosis of Decompression Sickness 8.3.4

Decompression sickness usually causes symptoms

within a short period of time following the dive

or other pressure exposure . If the controlled de-

compression during ascent has been shortened or

by-passed , the diver could be suffering from decom-

pression sickness before he reaches the surface . In a

large sampling of cases, the timing after surfacing for

the onset of symptoms was as follows-

-50% occurred within 30 minutes

-85% occurred within 1 hour

-95% occurred within 3 hours

-1% delayed more than 6 hours

Symptoms which occur 24 hours or more following

a dive are probably not caused by decompression

sickness .

Other factors for evaluating symptoms include the

depth and duration of the dive , the decompression

tables used , and the probability of other conditions

such as gas embolism . The best-qualified person

available should make the diagnosis, and the evalua-

tion should not be delayed pending the arrival of a

better-qualified person .

Awide range of symptoms may accompany the initial

stages of an attack (or " hit" ) of decompression sick-

ness. The diver may also exhibit certain signs which a

trained observer will identify with decompression

sickness. Some of the symptoms or signs will be so

pronounced that there will be little doubt as to the

cause. Others may be subtle , and even some of the

more important could be overlooked in a cursory

examination of the patient.

Various symptoms of decompression sickness have

been found to occur with the following frequency-

Local pain

-Leg

-Arm

89%

30%

70%

Dizziness (the staggers) 5.3%

Paralysis
2.3%

Shortness of breath (the chokes)

Extreme fatigue and pain

1.6%

1.3%

.5%Collapse with unconsciousness

Decompression Sickness- Pain Only-As will be

noted above, the most common symptom is pain in

an arm or a leg . These may occur together , of course,

or pain may appear in some other part of the body.

The pain is usually slight when first noticed , but may

grow progressively worse until unbearable. It may

seem to come from deep in a bone and will often be-

come centered in a joint. It is sometimes easy to mis-

interpret pain as a symptom , assuming it to be the

result of a muscle sprain or bruise.
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If there is any doubt as to the origin of the pain , as-

sume that the diver is suffering from decompression

sickness and treat him accordingly.

Abdominal pain (which can easily be confused with a

"gas pain") should be regarded as a serious symp-

tom , as it may signal involvement of the spinal cord.

With this, or with any other possible nervous

system involvement, immediate recompression must

be instituted .

Among the more usual symptoms and signs of de-

compression sickness , the diver might notice a prick-

ling , tingling, itching or burning of the skin , any of

which could start in a small area, then spread, and

then once again become localized . A sensation of

this sort is often the first noticed symptom . An ob-

server should also watch for any skin rash or mottling.

indicative of skin bends.

Pain may mask other , frequently more significant,

symptoms. However, pain should not be treated with

drugs in an effort to make the patient more comfort-

able , because it may well be the only means for local-

izing the problem and monitoring the progress of any

treatment.

Many of the symptoms of decompression sickness.

are the same as those for gas embolism , and, since

the treatment for gas embolism will at the same time

be appropriate treatment for decompression sick-

ness, any such confusion of symptoms will not be too

important.

Decompression Sickness-CNS- Central nervous

system (CNS) involvement is a serious problem re-

quiring immediate treatment, even before a full ex-

amination and diagnosis can be performed . If there

are any signs that the nervous system is affected , the

diver should be recompressed immediately. The ex-

amination may be completed in the chamber at treat-

ment pressure. Since CNS treatment is for the most

severe possibility, any symptoms which may go un-

noticed will probably not be significant.

The symptoms of nervous system involvement in-

clude weakness or paralysis of muscles, vertigo,

dizziness , ringing in the ears , hearing loss and dis-

turbance of vision . Many of these are easily over-

looked , or passed off by the victim as being of no con-

sequence . For this reason , they must be particularly

watched for during the immediate post-dive activities

of the diver. He may just think he has been working

too hard . He may also experience shortness of breath ,

coughing, or wheezing , or may notice pain when tak-

ing a deep breath . In rare instances (about one case

in 200) , the victim may suddenly lose consciousness

and collapse . Again , a symptom of this sort is more

usually linked with gas embolism , and treatment

should proceed accordingly.

Figure No. 8-4 contains a guide for non-medical per-

sonnel to use in forming a diagnosis of decompres-

sion sickness . However, one point must always be

kept in mind . IF THERE IS ANY DOUBT, RECOM-

PRESS AND TREAT.

RECOMPRESSION TREATMENT 8.4

Whenthe diver has received inadequate decompres-

sion or falls victim to gas embolism , the first treatment

procedure is to return the diver to a pressurized envi-

ronment where the expanded gases will be recom-

pressed to a manageable volume. This will relieve

any local pressure caused by the bubbles, will restore

normal blood flow and will frequently relieve the

patient of many, if not all , of the subjective symptoms .

After recompression treatment is underway, additional

treatment may be administered .

Certain facets of recompression treatment have

been previously mentioned, but they are so im-

portant that they cannot be overstressed-

1. Treat promptly and adequately.

2. Do not delay treatment for the arrival of medical

personnel .

3. The effectiveness of treatment decreases with

the length of time between the onset of symp-

toms and the treatment .

4. If no differentiation can be made between the

diagnosis of serious decompression sickness and

gas embolism , treat for gas embolism .

5. Do not ignore seemingly minor symptoms . They ■

can quickly become major.

6. Follow the selected treatment table accurately ■

and completely.
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■ 7. If a symptom- or group of symptoms- seems to

be relieved , do not assume that the treatment is

finished. Follow the tables to completion , and

keep the diver in the immediate vicinity of the

chamber (or the diving station ) for at least 6

hours following recompression and within one-

half hourtravel time to the chamber for 24 hours.

Following the completion of the treatment table , and

after a surface interval sufficient to allow complete

medical evaluation , hyperbaric oxygenation treatment

with Table 5 may be warranted in cases with residual

damage to the central nervous system or the organs

of special sense if recommended by appropriate

medical personnel .

Divers treated for pain-only decompression sickness

should not dive for at least seven days . Divers treated

for serious decompression sickness or gas embolism.

should not dive for at least 4 weeks .

Emergency consultation is available on 24-hour call at

the Navy Experimental Diving Unit , Panama City,

Florida 32407 ; telephone Autovon 436-4351 or

Commercial (904) 234-4351 , 4353. Emergency

consultation is also available at the National Naval

Medical Center , Naval Medical Research Institute ,

Bethesda , Maryland 20014 ; telephone Autovon

295-0283 or Commercial (301 ) 295-0283.

No Recompression Chamber 8.4.1 In the event

that the diving facility is not equipped with a recom-

pression chamber, the Diving Supervisor has two

alternatives . If recompression of the patient is not im-

mediately necessary, he may be transported to the

nearest recompression chamber for treatment . (The

location of the nearest recompression chamber must

be included in the data collected during the planning

phase ofthe dive , Chapter Four).

If immediate recompression treatment is necessary,

the patient must be treated in the water. The hazards

involved in this procedure must be carefully weighed

against the complications which may result if treat-

ment is delayed . Except in grave emergencies, seek

the nearest recompression chamber, even if it is at a

considerable distance.

Not allTRANSPORTING THE PATIENT 8.4.1 1

patients will require immediate recompression-that

is, a certain delay may be acceptable while the pa-

tient is transported to a recompression chamber.

While preparing a patient for recompression (when a

delay is necessary) and while moving him to a cham-

ber, he should be kept lying down , feet slightly higher

than his head , with his body tilted 20° to the left side.

This position may help to keep bubbles away from the

more critical sites . Additionally, the patient should be

kept warm , and his condition must be constantly mon-

itored for signs of a blocked airway, fainting , cardiac

arrest, cessation of breathing or sudden massive in-

ternal bleeding . Always keep in mind that the most

obvious symptoms may not actually be related to the

most serious problem-a number of conditions may

well exist at the same time . For example , the victim

may be suffering from both decompression sickness

and severe internal injuries.

If the patient must be transported , the initial arrange-

ments should have been made well in advance of

the actual diving operations. These arrangements-

which would include an "alert" notification to the re-

compression chamber and a determination of the

most effective means of transportation - should be

posted on "Job-Site Emergency Check List" (see

Chapter Four) for instant referral .

If the patient is moved by air, the helicopter or other

aircraft should be flown as low as possible . Any un-

necessary altitude means an additional reduction in

external pressure and possible additional symptom

severity or complications . While in transit , oxygen

(if available) should be administered to the patient.

Have someone call ahead to ensure that the cham-

ber will be ready, and that qualified medical per-

sonnel will be standing by. If two-way communications

can be established , obtain consultation with the

doctorwhile in transit.

IN -WATER RECOMPRESSION 8.4.1.2

A. If water recompression must be used and the diver

is conscious and able to care for himself-

1. Follow treatment Table 1A as closely as

possible .

2. Use either a full face mask or , preferably a

deep-sea diving outfit . Never recompress a

diver in the water using a SCUBA with a

mouthpiece.

3. Maintain constant communication .

D
i
v
i
n
g
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B.

■ C.

If the diver is unconscious or incapacitated , send

another diver down with him to control his valves

and otherwise assist him .

If a lightweight diving outfit or SCUBA must be

used , keep at least one diver with the patient at

all times . Plan carefully for shifting rigs or

cylinders . Have an ample number of tenders

topside and at intermediate depths .

D. If the depth is inadequate for full treatment

according to Table 1A-

1. Take the patient to maximum available depth .

2. Keep him there for 30 minutes .

3. Bring him up according to Table 1A of the

Treatment Table Using Air . Do not use stops

shorter than those of table 1A.

Treatment Tables 8.4.2 Extensive research and

field experience have shown the therapeutic value of

oxygen administration during recompression treat-

ment.

The Oxygen Treatment Tables (5 , 6 , and 6A) are the

preferred procedure for recompression treatment .

When employing the tables be particularly conscious

of the early signs of O2 toxicity which can be readily

remembered by the acronym , VENTID-Vision , Ears ,

Nausea, Twitching , Irritability, Dizziness .

-------
Vision . Any abnormality , such as " tunnel

vision' (a contraction of the normal field

of vision as if looking through a tube) .

- Ears . Any abnormality of hearing.

Nausea. This may be intermittent .

-Twitching . Usually appears first in the lips

or other facial muscles, but may affect

any muscle. This is the most frequent and

clearest warning of oxygen poisoning .

Irritability . Any change in behavior in-

cluding anxiety , confusion , unusual

fatigue .

Dizziness .

Additional symptoms may include difficulty in taking

a full breath , an apparent increase in breathing

resistance, noticeable clumsiness , or incoordination .

Further information on oxygen toxicity and its

treatment is presented in Section 8.2.1.1 .

The Air Treatment Tables ( 1A , 2A, 3 , and 4) are not

nearly as effective as the Oxygen Treatment Tables

and should be employed only when oxygen is not

available in the recompression chamber , if in-water

recompression is necessitated or in situations in

which treatment using the Oxygen Treatment Tables

is unsuccessful . Table 4 may be utilized in serious

decompression sickness cases that have worsening

symptoms during the first 20 - minute oxygen-

breathing period at 60 feet and there is a need for

deep compression .

In administering recompression treatment using

either table , the rules specified in Table No. 8-1

should be fully complied with to avoid danger to the

patient and attending personnel .

Following arrival at the treatment depth , the patient's

condition should be closely monitored . The patient is

maintained at depth for the time period required on

the applicable table . If symptoms persist , it may be

necessary to extend the time period of treatment .

Recompression below 165 feet should not be

attempted except upon the direct advice of a diving

medical officer since specialized decompression

procedures will be required . Following the required

time on the bottom , decompression is initiated

following the specific schedule given in the

appropriate table . During the decompression

phase , the patient should be closely observed for a

recurrence of symptoms which may necessitate

immediate repressurization to relief depth and an

alternate decompression procedure .

Recompression Treatment charts ( Figure 8-5) have

been developed to simplify administration of proper

treatment . Figure 8-6 is particularly helpful in

situations in which a recurrence of symptoms occurs .
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Table 8-1

RULES FOR RECOMPRESSION TREATMENT

ALWAYS

1. Follow the Treatment Tables accurately .

2. Have qualified tender in chamber at all times

during recompression .

3. Maintain the normal descent and ascent rates .

4. Examine patient thoroughly at depth of relief

or treatment depth .

5. Treat an unconscious patient for gas embolism

or serious decompression sickness unless the

possibility of such a condition can be ruled out

without question .

6. Use air tables only if oxygen is unavailable .

7. Be alert for oxygen poisoning if oxygen is used .

8. In the event of oxygen convulsion , remove the

oxygen mask and keep the patient from harming

himself.

9. Maintain oxygen usage within the time and

depth limitations .

10. Check patient's condition before and after com-

ing to each stop and during long stops .

11. Observe patient for at least 6 hours after

treatment for recurrence of symptoms .

12. Maintain accurate timekeeping and recording .

13. Maintain a well stocked medical kit at hand .

NEVER

1. Permit any shortening or other alteration to

the tables except under the direction of a

trained Diving Medical Officer.

2. Let patient sleep between depth changes or for

more than one hour at any one stop.

3. Wait for a bag resuscitator . Use mouth-to- mouth

immediately if breathing ceases .

4. Break rhythm during resuscitation .

5. Permit the use of oxygen below 60 feet .

6. Fail to report symptoms early (diver).

7. Fail to treat doubtful cases.

8. Allow personnel in the chamber to assume any

cramped position which may interfere with

complete blood circulation .

NOTE: The utilization of a He-O2 breathing medium

is an option to be considered at the discretion of the

cognizant medical officer as determined by the

circumstances of the individual case .

Recompression Chamber 8.4.3 Recompression

chambers are not only used for the treatment of de-

compression sickness and surface decompression ,

but also for administering pressure and oxygen toler-

ance tests for divers and prospective divers. In other

than diving applications , suitable chambers may be

found being used for medical treatment (both routine

and emergency) , in research laboratories, and in mili-

tary and commercial aviation schools and operating

facilities .

Table 8-2a lists those places , both military and civ- ■

vilian , where a chamber may possibly be located . This

list may prove useful while planning for an operation

since the diving team must always know the location

and type ofthe nearest chamber before the operation

begins . When diving at depths of 170 feet or greater,

a chamber must be available at the dive site .
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DIAGNOSIS OF DECOMPRESSION SICKNESS AND GAS EMBOLISM

DECOMPRESSION SICKNESS
GAS EMBOLISM

SERIOUS CNS SYMPTOMS

Spinal

SIGNS &

SYMPTOMS

Pain

Skin Only CNS Chokes

Brain

Damage

Cord Pneumo-

Damage

Mediastinal

Thorax Emphysema

Pain-Head

Pain-Back

Pain-Neck

Pain-Chest

Pain-Stomach

Pain-Arms/Legs

Pain-Shoulders

Pain- Hips

Unconsciousness

Shock

Vertigo

Visual Difficulty

Nausea/Vomiting

Hearing Difficulty

Speech Difficulty

Balance Lack

Numbness

Weakness

Strange Sensations

Swollen Neck

Short ofBreath

Cyanosis

Skin
Changes

Probable

Possible Cause

1
0
0
0

0
0
0

ㅁ
ㅁ

ㅁ

CONFIRMING INFORMATION

Diving
History

Decompression Obligation?

Decompression Adequate?

Blow-up?

Breath-hold?

Non-pressure Cause?

Previous
Exposure?

Figure 8-4
Decompression Diagnosis Chart

Yes No

Patient Examination

Does diver feel well?

Does diver look and act normal?

Does diver have normal strength?

Are diver's sensations normal?

Are diver's eyes normal?

Are diver's reflexes normal?

Is diver's pulse rate normal?

Is diver's gait normal?

Is diver's hearing normal?

Is diver's coordination normal?

Is diver's balance normal ?

Does the diver feel nauseated?

Yes No

DIVING
EMERGENCIES
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DECOMPRESSION SICKNESS TREATMENT

Yes

Diagnosis:

DECOMPRESSION
SICKNESS

Diver on Oxygen

Compress to
60 Feet

Complete First
20 Min. Oxygen

Breathing Period

Symptoms

Serious
?

No Symptoms

Relieved
?

Yes
Complete
Treatment

on

Table 5

Worsening

Symptoms and

Need for Deeper

REcompression
?

No

Complete Two

More Oxygen

Breathing Periods

on Table 6

No

No

Symptoms
Relieved

Yes Decompress
on

Table 6

No

Extend

Table 6

at 60 Feet

Symptoms
Relieved

7

No

Table 6

Extended
at 30 Feet

Compression on Air

to 165 Feet

and Remain

30 to 120 Min

Yes

GAS EMBOLISM TREATMENT

Diagnosis:

GAS

EMBOLISM

Complete

Treatment

Table 6A

Compress on

Air to 165 Feet

Complete 30 Minute

Period Breathing air

on Table 6A

CompleteThree

Oxygen Periods

at 60 Feet

Decompress to

60 Feet at 26

Feet Per Minute

Yes

Relief

Complete

Treatment

Table 6A

Yes

No

Extend Table 6A

at 60 Feet

Relief

No

Extend Table 6A

at30 Feet and

Complete

Decompression

Decompress
on

Table 6

Decompress
on

Table 6

Decompress

on

NOTE FOR EXTENDING TABLES:

A.

B.

Table 4

Tables 6 and 6A may be extended by an additional

25 minutes at 60 feet (20 minutes on oxygen and 5

minutes on air ) or an additional 75 minutes at 30

feet ( 15 minutes on air and 60 minutes on oxygen ) ,

or both.

No extension of Table 4 is permitted except by a

qualified Diving Medical Officer.

Figure 8-5 Decompression Sickness Treatment and

Gas Embolism charts.
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RECURRENCE DURING TREATMENT

Diagnosis:
RECURRENCE

DURING

TREATMENT

Yes Symptom No
Onset Deeper
Than 60 Feet

Compress on Air

to Depth of Relief
(165 Feet Maximum )

Remain 30 Min

Decompress

on

Table 4

From the

Depth of Relief

Diver on Oxygen

Compress to
60 Feet

Complete Three
Oxygen Breathing

Periods on

Table 6

RECURRENCE FOLLOWING TREATMENT

Diagnosis:

RECURRENCE

FOLLOWING
TREATMENT

Diver on Oxygen

Compress to

60 feet

Complete first

20 min. Oxygen

breathing period

Symptoms
Relieved

Yes Decompress
on

Table 6

Symptoms
Serious

No

Extend
Table 6

at 60 Feet

Symptoms
Relieved

Yes Decompress
on

Table 6

Table 6

May be
Extended

at 30 Feet

Yes Complete two

more oxygen

breathing periods

on Table 6

Symptoms
Relieved

Yes Complete
Treatment

on

Table 5

No

Yes Decompress

Decompress
Symptoms

Relieved
on

Table 6on

Table 6

No

Extend

Table 6

at 60 feet

Symptoms
Relieved

Yes

?

No

Figure 8-6a Recurrence During Treatment and Recurrence

Following Treatment charts.

Decompress
on

Table 6

Table 6

may be

extended

at 30 feet

Decompress

on

Table 6

DIVING
EMERGENCIES
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FIGURE 8-6b. LIST OF U.S. NAVY RECOMPRESSION TREATMENT TABLES*

5 -

6

6A

-

―

TABLE

Oxygen Treatment of Pain-only

Decompression Sickness

Oxygen Treatment of Serious

Decompression Sickness

Air and Oxygen Treatment of

Gas Embolism

USE

Treatment of pain-only decompression sickness

when symptoms are relieved within 10 minutes

at 60 feet.

Treatment of serious decompression sickness or

pain-only decompression sickness when

symptoms are not relieved within 10 minutes at

60 feet.

Treatment of gas embolism . Use also when unable

to determine whether symptoms are caused by

gas embolism or severe decompression sickness.

1A

2A

3

4

-

-

AirTreatment of Pain-only

Decompression Sickness -

100-foot Treatment

AirTreatment of Pain-only

Decompression Sickness -

165-foot Treatment

AirTreatment of Serious

Decompression Sickness or

Gas Embolism

AirTreatment of Serious

Decompression Sickness or

Gas Embolism

Treatment of pain-only decompression sickness

when oxygen unavailable and pain is relieved at a

depth less than 66 feet.

Treatment of pain-only decompression sickness

when oxygen unavailable and pain is relieved at a

depth greater than 66 feet .

Treatment of serious symptoms or gas embolism

when oxygen unavailable and symptoms are re-

lieved within 30 minutes at 165 feet.

Treatment of worsening symptoms during the first

20-minute oxygen breathing period at 60 feet on

Table 6, or when symptoms are not relieved within

30 minutes at 165 feet using air treatment Table 3 .

*Change 2 presents oxygen treatment tables before air treatment tables because the oxygen breath-

ing method is preferred . Use of Decompression Table 5A-Minimal Decompression , Oxygen Breath-

ing Method for Treatment of Decompression Sickness and Gas Embolism , has been discontinued .
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TABLE 5 - OXYGEN TREATMENT OF PAIN-ONLY DECOMPRESSION SICKNESS

1. Treatment of pain-only decompression sick-

ness when symptoms are relieved within 10

minutes at 60 feet .

Depth

(feet)

Time Breathing

Total

Elapsed Time

(minutes)
Media (hrs:min . )

60 20 Oxygen 0:20

60 5 Air
2. Descent rate- 25 ft/min .

0:25

60 20

3. Ascent rate- 1 ft/min . Do not compensate for 60 to 30

slower ascent rates . Compensate for faster

Oxygen 0:45

30 Oxygen
1:15

30 5 Air 1:20

rates by halting the ascent.
30 20

Oxygen
1:40

4. Time at 60 feet begins on arrival at 60 feet. 30 5 Air 1:45

30
Oxygen

2:155. If oxygen breathing must be interrupted , allow 15 30 to 0

minutes after the reaction has entirely subsided

and resume schedule at point of interruption .

6. If oxygen breathing must be interrupted at 60

feet , switch to TABLE 6 upon arrival at the 30

footstop.

7. Tender breathes air throughout . If treatment is

a repetitive dive for the tender or tables are

lengthened , tender should breathe oxygen dur-

ing the last 30 minutes of ascent to the surface.

60

TABLE 5 DEPTH/TIME PROFILE

Descent Rate = 25 Ft./Min.

Ascent Rate 1 Ft./Min.

Total Elapsed Time : 135 Minutes

(Not Including Descent Time)

50

5
0

4
0

40

D
e
p
t
h

( f
e
e
t

)

3
0

30

20

10

0

2.4 20 5

2
0

20

Time (minutes)

30 5 20 5 30
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TABLE 6- OXYGEN TREATMENT OF SERIOUS DECOMPRESSION SICKNESS

1. Treatment of serious or pain-only decompres-

sion sickness when symptoms are not relieved

within 10 minutes at 60 feet .

2. Descent rate--25 ft/min .

3. Ascent rate-1 ft/min . Do not compensate for

slower ascent rates . Compensate for faster rates

by halting the ascent.

4. Time at 60 feet- begins on arrival at 60 feet.

5. If oxygen breathing must be interrupted , allow 15

minutes after the reaction has entirely subsided

and resume schedule at point of interruption .

6. Tender breathes air throughout . If treatment is a

repetitive dive for the tender or tables are

lengthened , tender should breathe oxygen during

the last 30 minutes of ascent to the surface .

7. Table 6 can be lengthened by an additional 25

minutes at 60 feet (20 minutes on oxygen and

5 minutes on air) or an additional 75 minutes at

30 feet (15 minutes on air and 60 minutes on

oxygen) , or both .

TABLE 6 DEPTH/TIME PROFILE

Depth Time Breathing

(feet) (minutes)
Media

Total

Elapsed Time

(hrs:min)

60 20 Oxygen 0:20

60 5 Air 0:25

60 20 Oxygen 0:45

60 5 Air 0:50

60 20 Oxygen 1:10

60 5 Air 1:15

60 to 30 30 Oxygen 1:45

30 15 Air 2:00

30 60 Oxygen
3:00

30 15 Air 3:15

30 60 Oxygen
4:15

30 to 0 30
Oxygen

4:45

8
8
5

60

50

40

30

20

10

2.4 20 5

Descent Rate = 25 Ft./Min.

Ascent Rate = 1 Ft./Min.-

Total Elapsed Time: 285 Minutes

(Not Including

DescentTime)

2
0

20 5 20 5 30 15 60 15 60 30

Time (minutes)
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TABLE 6A - AIR AND OXYGEN TREATMENT OF GAS EMBOLISM

1 .
Treatment of gas embolism . Use also when un-

able to determine whether symptoms are caused

by gas embolism or severe decompression

sickness .

2. Descent rate-as fast as possible .

3. Ascent rate- 1 ft/min . Do not compensate for

slower ascent rates . Compensate for faster as-

cent rates by halting the ascent .

4. Time at 165 feet-includes time from the

surface.

Depth Time

(feet)

Breathing

Total

Elapsed Time

(minutes)
Media

(hrs:min)

165 30 Air 0:30

5 .

7.

If oxygen breathing must be interrupted , allow

15 minutes after the reaction has entirely sub-

sided and resume schedule at point of inter-

ruption .

Tender breathes air throughout . If treatment is

a repetitive dive for the tender or tables are

lengthened , tender should breathe oxygen dur-

ing the last 30 minutes of ascent to the surface .

Table 6A can be lengthened by an additional 25

minutes at 60 feet (20 minutes on oxygen and

5 minutes on air) or an additional 75 minutes

at 30 feet (15 minutes on air and 60 min-

utes on oxygen) , or both .

TABLE 6A DEPTH/TIME PROFILE

165 to 60 4 Air 0:34

60 20 Oxygen 0:54

60 5 Air 0:59

60 20 Oxygen
1:19

60 5 Air 1:29

60 20
Oxygen

1:44

60 5 Air 1:49

60 to 30 30 Oxygen
2:19

30 15 Air 2:34

30 60
Oxygen

3:34

30 15 Air 3:49

30 60 Oxygen
4:49

30 to 0 30 Oxygen
5:19

D
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h
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165

140

120

100

80

60

20

9
8
2

40

30

Descent Rate = As Fast As Possible

Ascent Rate = 26 Ft./Min.

Total Elapsed Time: 319 Minutes

0

30 4 20 5 20 5 20 5 30 15

Time (minutes)

Ascent Rate = 1 Ft./Min.

6
0

60 15

6
0

60 30
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TABLE 1A - AIR TREATMENT OF PAIN -ONLY DECOMPRESSION SICKNESS -

100-FOOT TREATMENT

1. Treatment of pain-only decompression sickness

when oxygen unavailable and pain is relieved at

a depth less than 66 feet.

2. Descent rate-25 ft/min .

3. Ascent rate-1 minute between stops .

4. Time at 100 feet-includes time from the surface.

5. If the piping configuration of the chamber does

not allow it to return to atmospheric pressure

from the 10 foot stop in the one minute specified ,

disregard the additional time required .

TABLE 1A DEPTH/TIME PROFILE

D
e
p
t
h

(f
e
e
t

)

100

80

60

50

40

30

20

2
0

10

TABLE 1A

Depth
Time

Breathing

Total

Elapsed Time

(feet) (minutes) Media (hrs:min)

100

80

60

8
2
8

30 Air 0:30

12 Air 0:43

30 Air 1:14

50 30 Air 1:45

40 30 Air 2:16

30 60 Air 3:17

20 60 Air 4:18

10 120 Air 6:19

0 1 Air 6:20

Descent Rate = 25 Ft./Min.

Ascent Rate = 1 Min. Between Stops

Total Elapsed Time : 380 Minutes

0

30
1121 30 30 1

130 60 60 120

Time (minutes)
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TABLE 2A — AIR TREATMENT OF PAIN-ONLY DECOMPRESSION SICKNESS

165-FOOT TREATMENT

—

1. Treatment of pain-only decompression sickness

when oxygen unavailable and pain is relieved

at a depth greater than 66 feet .

Depth Time Breathing

(feet) (minutes) Media

Total

Elapsed Time

(hrs: min)

165 30 Air 0:30

2. Descent rate-25 ft/min .
140 12 Air 0:43

3. Ascent rate-1 minute between stops .
120 12 Air 0:56

100 12 Air 1:09
4. Time at 165 feet- includes time from the surface .

80 12 Air 1:22

60 30 Air 1:53

Deleted byChange 2

50 30 Air 2:24

40 30 Air 2:55

30 120 Air 4:56

20 120 Air 6:57

10 240 Air 10:58

0 1 Air 10:59

TABLE 2A DEPTH/TIME PROFILE

Descent Rate = 25 Ft./Min .

D
e
p
t
h

(f
e
e
t

)

165

1
2
0

140

120

100

80

8
0

60

50

40

30

Ascent Rate = 1 Min . Between Stops

Total Elapsed Time : 659 Minutes

2
0

20

10

0

30 112 |1 | |121 1221 121 12121 30 1 30 30 1 120 120 240

Time (minutes)
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TABLE 3 AIR TREATMENT OF SERIOUS DECOMPRESSION SICKNESS OR GAS EMBOLISM
-

1. Treatment of serious symptoms or gas embolism

when oxygen unavailable and symptoms are re-

lieved within 30 minutes at 165 feet .

Depth

(feet)
Time

Breathing

Media

Total

ElapsedTime

(hrs:min)

165 30 min. Air 0:30

2. Descent rate--as rapidly as possible .
140 12 min. Air 0:43

120 12 min. Air 0:56

3. Ascent rate-1 minute between stops .
100 12 min. Air 1:09

4. Time at 165 feet- includes time from the surface . 80 12 min. Air 1:22

60 30 min. Air 1:53

Deleted by Change 2

50 30 min. Air 2:24

40 30 min. Air 2:55

30 12 hr. Air 14:56

20 2 hr. Air 16:57

10 2 hr. Air 18:58

TABLE 3 DEPTH/TIME PROFILE 0 1 min . Air 18:59

165

Descent Rate = As Fast As Possible

Ascent Rate = 1 Min . Between Stops

140

120

100

80

60

50

40

30

20

10

2
9

Total Elapsed Time: 18 Hours 59 Minutes

0

30 1121 121 121 121 30 12111 301 30

Time (minutes)

720 120 120
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TABLE 4 AIR TREATMENT OF SERIOUS DECOMPRESSION SICKNESS OR GAS EMBOLISM
-

1. Treatment of worsening symptoms during the

first 20-minute oxygen breathing period at 60

feet on Table 6 , or when symptoms are not

relieved within 30 minutes at 165 feet using air

treatment Table 3.

Depth

(feet)
Time

Breathing

Media

Total

Elapsed Time

(hrs:min)

165 1/2 to 2 hr. Air
2:00

140 1/2 hr. Air 2:31

120 1/2 hr. Air 3:02

2. Descent rate-as rapidly as possible.
100 1/2 hr. Air 3:33

80 1/2 hr. Air 4:04

3. Ascent rate-1 minute between stops .
60 6 hr. Air 10:05

4. Time 165 feet-includes time from the surface . 50 6 hr. Air 16:06

40 6 hr. Air 22:07

Deleted by Change 2

20

8
8
2
230 11 hr. Air 33:08

30 1 hr. Oxygen 34:08

(or air)

20 1 hr. Air 35:09

1 hr. Oxygen
36:09

(or air)

TABLE 4 DEPTH/TIME PROFILE

0
0
0
0

10 1 hr. Air 37:10

10 1 hr. Oxygen
38:10

165

0 1 min .

(or air)

Oxygen
38:11

140

120

100

80

2222
8

20

30

50

40

60

Descent Rate = As Fast As Possible

Ascent Rate = 1 Min . Between Stops

Total Elapsed Time : 36 hours 41 minutes ( 1/2 hour at 165 FSW) to

38 hours 11 minutes (2 hours at 165 FSW)

10

0

1/2 1/2
1/2 | 1/2 | 4 |

6 6 6 11
1

0
2

to

min . min. min. min . min . min. min . min .
2

min. min. min .

Time (hours)
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The type, size and utility of recompression chambers

found at such diverse locations will , of course, vary

widely. As long as the chamber is large enough to

hold the patient and keep him under reasonable pres-

sure , its use should not be ruled out.

TABLE 8-2a - POSSIBLE LOCATIONS OF SUIT-

ABLE RECOMPRESSION CHAMBERS

Tenders

Salvage vessels

Submarine rescue vessels

Fleet tugs (some)

Naval shipyards

Major naval bases

Naval air stations

Submarine bases

Diving schools

EOD Units

UDT Units

Research laboratories

Test ranges

Harbor clearance units

Torpedo stations

Air Force hospitals

Army Corps of Engineers

facilities

FAA facilities

VA hospitals

Civilian

Research laboratories

Universities

Commercial diving firms.

and schools

Although constructed in accordance with the

appropriate Military Specification , all chambers rated

at the same pressure do not have the same physical

dimensions with the exception of the aluminum

chambers . Steel chambers are usually custom-

made for the facility in which they are to be in-

stalled . Consequently , internal volumes of steel

chambers are not standard and must be calculated for

each chamber . The following equations can be used

to approximate the internal volume of any U.S. Navy

chamber.

V = chamber volume , cubic feet = 0.00046 D2 L

V₁ = inner lock volume , cubic feet = 0.70 Vc

Vo = outer lockvolume , cubic feet = 0.30 VC

where ,

D = inside diameter of shell , inches

L = overall length of chamber, inches.

Deleted by Change 2

DESCRIPTION OF CHAMBERS 8.4.3.1 Most

chamber-equipped U.S. Navy units will have one of

three commonly provided chambers designed for

permanent installation . They are-

-Two-lock, 200- psig , 425-cubic- foot chamber

-Two-lock , 100- psig , 202-cubic-foot aluminum

chamber

-One-lock , 100-psig steel chamber

Two-lock chambers are preferred because they

permit tending personnel to enter and leave the

chamber during treatment . Single lock chambers are

still authorized for service use . However they are

targeted for eventual replacement by two lock.

chambers.

The basic components of a recompression chamber

are much the same from one model to another , and

certain design specifications apply to all Navy

approved chambers . They must be able to impose and

maintain a pressure equivalent to a depth of 165 feet

(6 atmospheres absolute) . The piping and valving on

most chambers is arranged to permit control of the air

supply and the exhaust (for both locks in a two-lock

chamber) from either the inside or the outside of the

chamber, Figure 8-8 . Controls on the outside must be

able to override the inside controls , a most important

feature in the event of an accident or serious problem

inside the chamber. The usual method for providing

this dual-control capability is through the use of two

separate systems . The first , consisting of a supply line

and an exhaust line , can only be controlled by valves

which are outside of the chamber . The second

supply/exhaust system has a double set of valves,

one inside and one outside the chamber . This

arrangement permits the tender to regulate descent

or ascent from within the chamber, but always subject

to final control by outside personnel.
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TABLE 8-3

RECOMPRESSION CHAMBER CHECKOUT PROCEDURE

Prior to each recompression treatment, and at

monthly intervals , the following checkout should

be conducted :

Chamber

4. Oxygen elimination system , if installed ,

operational .

Helium-Oxygen Supply

1. Clean . 1.

2. Free of all extraneous gear. 2.

3.

4.

Free of noxious odors and/or contaminants .

Medical kit stocked and accessible.

5. Doors and door seals undamaged , properly

installed and lubricated .

Ventilation System

1. Valves required for ventilation properly cali-

brated to indicate the number of turns vs. air

volume flow.

Cylinders full .

Fittings tight , filters clean , valves properly

positioned, gages calibrated .

3. Masks installed , inhalators functioning .

Electrical System

1.Lights operative.

2.

3.

Properly grounded ; wiring approved.

Monitoring equipment calibrated and

operational .

Communication System
Air Supply

1. Primary supply ; enough air to pressurize

chamber to working pressure twice.

1 . Primary system operational .

2.

2. Secondary supply operational .

3. Fittings , tight , filters clean , valves properly

positioned , gages calibrated .

Oxygen Supply

Secondary system operational .

Fire Prevention System

1. Extinguishing system, if installed , charged

and operational .

1. Cylinders full and identified as " breathing

oxygen."

2. Water and sand buckets in chamber.

3.

2. Masks installed ; inhalators functioning .

3. Fittings tight , filters clean , valves properly

positioned , gages calibrated .

4. No chemical fire extinguishers inside

chamber.

All combustible material enclosed in fire-

proof jackets.
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14
8 4 3 9 8 29 15

16

10-

11.

18-

17 12 5

1. Inner Lock

2. Outer Lock

3. Air Supply-Two Valve

4. Air Supply-One Valve

5. Main Lock Pressure

Equalizing Valve

6. Exhaust-Two Valve

7. Exhaust-One Valve

8. Oxygen Manifold

9. Helium-Oxygen

Manifold

10. Relief Valve-200 psig

11. Medical Lock-18

18 inch dia.

Design Pressure- 200 psig

苾

3

4

6 7 20 19

12. Viewport-inner lock (4)

13. Viewport-outer lock (2)

14. Lights-inner lock 60

watt (4)

15. Lights-outer lock 60

watt (4)

Optimum chamber ventilation requires maximum sep-

aration of the inlet and exhaust ports within the cham-

ber. Exhaust ports should be guarded to prevent

accidental body contact and associated injury when

they are open .

13 All chambers must be fitted with appropriate pressure

gages both inside and outside at the control stations .

These gages, marked to read in "feet of seawater,"

must be calibrated to ensure accuracy every 12

months in accordance with the instructions in Appen-

dix H.

Chamber communications may be provided through

an approved diver's amplifier, with the dual micro-

phone/reproducer unit in the chamber and the control

panel outside . The communication system should be

16. Transmitter-Receiver (2) arranged so that personnel inside the chamber need

17. Berth-2'6'' x 6'6''

18. Bench

19. Pressure Gage-

outside (4)

20. Pressure Gage-

inside (4)

Original Hydrostatic Test Pressure-400 psig

Principal Location –Submarine rescue ships and

submarine tenders

■ Figure 8-7a
Phantom view of two -lock recompression

chamber.

All lines should be identified and labeled to indicate

function, content, maximum pressure and direction of

flow. The color coding of MIL-STD-101B should be

used with the following additions-

Paint Color

Buff

Green

Buff/Green

stripe

Light gray

Silver

Gas Systems Designation

Helium He

Oxygen O2

Helium-Oxygen Mix
He-O2

Nitrogen N

Exhaust E

Air ALP, AHP Black

low or high pressure

not interrupt their activities to operate the system . A

back-up communications system (which should al-

ways be installed) is best provided by a set of stand-

ard sound-powered telephones . The " press-to-talk"

button on the set inside the chamber can be taped

down , thus keeping the circuit always "open ."

Because ofthe possibility of fire or explosion when

working in an oxygen or compressed air atmosphere ,

all electrical wiring and equipment used in a chamber

must meet rigid specifications . All wiring must be

heavy-duty, armored or in a conduit. All switches must

be located outside the chamber. All lighting fixtures

must be pressure-proof, and should be permanently

installed .

Consideration should be given to installation of a low-

level lighting fixture (on a separate circuit) which can

be used to relieve the patient of the heat and glare of

the main lights .

Any electrical equipment other than lights or emer-

gency medical apparatus ( if properly designed for

use in a chamber) is prohibited .

CHAMBER GAS SUPPLY 8.4.3.2 A recompres-

sion treatment facility must have a primary and a sec-

ondary air supply system which satisfy the following

requirements:

DIVING EMERGENCIES
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11

11A

14

3

15

5

4

2
0

20

17

8

1

18

10

12

C

7
19

2

16
13

11

11A

21

2
3

1 . Inner Lock 11A. Gag Valve

2. Outer Lock 12. Viewports inner lock (4)

3. Air Supply Connection 13. Viewports

4. Air Supply - two valve 14. Transmitter

5. Air Supply - one valve 15. Lights
-

6. Inner Lock Pressure Equalizing Valve 16 . Lights

7. Exhaust - two valve 17.

8. Exhaust one valve

9. Exhaust Outlet

10.

11 .

Oxygen Manifold

ReliefValve 110 psig-

18.

-

outer lock (2)

Receiver (2)

- inner lock (2)

- outer lock

Pressure Gage — outside (2 each lock)

Pressure Gage

-

-
inside (1 each lock)

19. Power Distribution Panel

20. Clock (optional )

21 . Door Dogs

Design Pressure 100 psig

Original Hydrostatic Pressure 200 psig

Figure 8-7b Two-lock aluminum chamber.

~Volume- inner lock = 136 cubic feet

outer lock =

Total

65 cubic feet

201 cubic feet

-
Principal Locations — Repair/ salvage ships and

most shore-based facilities.
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11

6

2

1
2
1

16
15

14

3
8

10

7

7A

13

1 . Single Lock

2. Air Supply
- two valve 9. Stuffing Tubes for Cables

3. Air Supply one valve
- 10. Lights (4)

4. Exhaust two valve 11 .

6.

5. Exhaust

Oxygen Supply

Relief Valve

7A. Gag Valve

8.

-
one valve 12.

13 .

Medical Lock 18 inch dia .

Transmitter- Receiver

Door Dog Handwheel

14. Pressure Gage
- outside

15.

Viewports (3) 16 . Shelf -

Pressure Gage - inside

6" x 2'

Design Pressure
-

100 psig

Original Hydrostatic Test Pressure

Repair/salvage ships and

some shore- based facilities .

Principal Locations
-

200 psig

Figure 8-7c One-lock steel chamber.
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To Diver

Inhalator

1. Primary System Capacity

Cp = 10V + 48,502

where,

Cp total capacity of primary system ; standard

cubic feet.

V = chamber volume; cubic feet

10 atmosphere equivalent of pressurizing

from the surface to 165 feet twice .

48,502 = total air required to ventilate during a

TABLE 4 treatment ; standard cubic feet.

(See Table 8-2b.)

Table 8-2b gives data concerning the ventilation rates

and total air requirements for one patient and one

tender undergoing recompression treatment . As

indicated, the maximum air flow rate that the system

need deliver is 70.4 standard cubic feet per minute

(02 stop at 60 feet) .

2. Secondary System Capacity

Cs 5V + 4224

where ,

with Valves

Figure 8-8 200 psi steel recompression chamber gas supply

schematic .

Cs

Figure 8-9

Deleted by Change 1

Primary-sufficient air to pressurize the chamber

twice to 165 feet and ventilate through-

out the treatment .

Secondary-sufficient air to pressurize the chamber

once to 165 feet and ventilate for 1 hour.

Either system may consist of air banks or a suitable

compressor or both . Primary recompression chamber

support systems must be capable of pressurizing the

inner lock to a depth of 165 feet in three minutes .

The required total capacity is calculated as follows:

total capacity of secondary system ; standard

cubic feet.

V = chamber volume ; cubic feet

5 = atmosphere equivalent of pressurizing from

the surface to 165 feet once.

4224 maximum ventilation rate of 70.5 scfm for 1

hour.

Recompression chambers should be equipped with

a means for delivering breathing oxygen to the patient

in the main chamber. It may be useful if the oxygen can

also be provided to the outer lock where it will help in

decompression of tenders who are leaving the cham-

ber before the patient has been fully decompressed .

The inner lock should be provided with connections

for three or more demand-type oxygen inhalators . Ox-

ygen can be furnished through a high-pressure mani-

fold connected with supply cylinders (a minimum of

two to permit interchange) outside the chamber. A

medium pressure regulator must be located between

the manifold and the thru-hull penetrator of the cham-

ber. The standard Navy demand inhalator (FSN IH

4220-240-7150) is equipped with a demand regulator.

Non-standard oxygen breathing devices must not be
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used . Although helium -oxygen breathing systems are

installed on some chambers , they are no longer

required .

APREPARATION OF THE CHAMBER 8.4.3.3.

recompression chamber, like any piece of emergency

equipment, must be kept in a state of instant readi-

ness . The chamber must be in good repair, well main-

tained , and equipped with all necessary accessory

equipment. A chamber is not a spare compartment

for use . The chamber and the air and oxygen supply

systems should be checked prior to use and on a reg-

ular monthly basis in accordance with the procedure

in Table No. 8-3 . All diving personnel must be trained

in the operation of the recompression equipment and

must be able to perform any task required during

treatment .

The greatest single hazard in the use of a recompres-

sion chamber is from explosive fire . Fire may

propagate 2 to 6 times faster than at atmospheric

conditions because of the high partial pressure of

oxygen in the chamber atmosphere . The following

precautions must be taken to minimize fire hazard—

DEPTH VENTILATION RATE

1. Remove any fittings or equipment which do not

conform with the standard requirements for the elec-

trical system (as previously described) or which are

made of any flammable materials . Permit no wooden

deck gratings , benches or shelving in the chamber-

replace them with metal or other fireproof material .

2. Equip the chamber with flameproof bedding

material ; if a mattress is used , ensure that it is com-

pletely enclosed in a flameproof cover or sheeting .

Do not put any more bedding in a chamber than is

necessary for the comfort of the patient, and never use

blankets of wool or synthetic fibers because of the

possibility of sparks from static electricity . Appropriate

bedding can be obtained through the Navy supply

system .

3. Only steel chambers are painted . Aluminum

chambers are normally a dull , uneven gray color and

corrosion products can be easily recognized . Painting

an aluminum chamber will hide and further encourage

corrosion .

VENTILATION AIR REQUIRED AT STOP (SCF)

TREATMENT TABLEOF (SCFM )

STOP

(FSW)

AIR 02

STOP STOP 5 6 6A 1A 2A 3 4

165 47.9 1437 1437 1437 5749

140 41.9 503 503 1256

120 37 139 444 444 1111

100 32.2 966 386 386 966

80 27.3 328 328 318 821

60 22.5 70.4 2329 4561 4561 675 675 675 8104

50 20.1 62.9 603 603 603 7234

40 17.7 55.3 1772 1772 1772 530 530 530 6363

30 15.3 47.7 1107 6183 6183 916 1831 10996 10996

20 12.8 40.2 770 1540 1540 1540

10 10.4 32.6 1090 1090 1090 1250 2501 1250 1250

PRESSURIZATION 453 453 1247 756 1247 1247 1247

Lock in/Lock out (outer lock) * 192 321 321 321 684 1092 1865

TOTAL FOR TREATMENT 7543 14380 16750 7115 12709 21031 48502

*Based on outer lock volume of 68 cubic feet and one trip every four hours .

Table 8-2b- Ventilation Air Requirements For Recompression Treatment Tables

(two patient and one tender in chamber)
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TABLE 8-3

RECOMPRESSION CHAMBER CHECKOUT PROCEDURE

CHAMBER OPERATION

Prior to every operation of the chamber, a pre-dive

check of the facility must be conducted . (See Tables

8-4 and 8-5) . This procedure should take only a few

minutes, provided that the personnel are experienced

and the chamber is properly maintained . The patient

and tender then enter the chamber and treatment is

initiated . If personnel must enter or leave the

chamber during treatment, the procedures discussed

at the end of this section must be followed .

Pre-Dive Checklist

CHAMBER

✓ Clean .

Free of all extraneous equipment .

✓ Free of noxious odors .

✓ Doors and seals undamaged , seals lubricated .

✓ Pressure gages calibrated , compared .

AIR SUPPLY SYSTEM

Primary air supply, adequate for two pres-

surizations to 165 feet plus ventilation .

✓ Secondary air supply adequate for one pres-

surization and one hour of ventilation .

✓ One-Valve Supply-valve closed .

✓ Two-Valve Supply-outside valve open ; inside

valve closed .

✓ Equalization valve closed .

Supply regulator set at 350 psig or 250 psig

dependent upon 200 or 100 psi chamber.

Fittings tight , filters clean , compressors fueled .

EXHAUST SYSTEM

✓ Terminates clear of chamber.

✔ One-Valve Exhaust-valve closed and cali-

brated for ventilation .

✔ Two-Valve Exhaust-outside valve open ; inside

valve closed .

OXYGEN SUPPLY SYSTEM

✓Cylinders full; marked as BREATHING

OXYGEN; cylinder valves open .

✓ Replacement cylinders on hand .

Inhalators installed and functioning .

Regulator set between 75 and 100 psig.

Fittings tight, gages calibrated .

Oxygen manifold valves closed .

HELIUM-OXYGEN SUPPLY ( if provided)

Applies only to facilities required to support He-O 2

diving operations wherewhere a qualified submarine

medical officer is in attendance.

✓ Cylinders full ; marked 80% helium-20% oxygen;

cylinder valves open .

✓ Replacement cylinders on hand .

Inhalators installed and functioning .

Regulator set between 75 and 100 psig .

Fittings tight , gages calibrated .

He-O₂ manifold valves closed .

8-36 U.S. NAVY DIVING MANUAL
Change 2



TABLE 8-3 RECOMPRESSION CHAMBER CHECKOUT PROCEDURE (Cont'd)

ELECTRICAL SYSTEM

✓ Lights operational .

✓ Wiring approved , properly grounded .

✓ Monitoring equipment ( if applicable ) calibrated

and operational .

COMMUNICATION SYSTEM

✓ Primary system operational .

✓ Secondary system operational .

FIRE PREVENTION SYSTEM

✓ Water and sand buckets in chamber . For

chambers with installed fire suppression system ,

pressure on tank .

✓ Combustible material in metal enclosure .

✓ Fire-resistant clothing worn by all chamber

Occupants .

✓ Fire-resistant mattress and blankets in cham-

ber.

MISCELLANEOUS
-

INSIDE CHAMBER

✓ Slate, chalk , and mallet .

✓ Bucket and plastic bags for body wastes .

✓ Primary medical kit .

✓ Ear protection sound attenuators/aural

protectors (one per occupant) .

MISCELLANEOUS - OUTSIDE CHAMBER

✓ Stopwatches ,

Recompression treatment time.

Decompression time-personnel leaving

chamber.

Cumulative time.

Spare.

U.S. Navy Diving Manual recompression

treatment tables.

✓ U.S. Navy Diving Manual decompression tables .

✓ Log.

✓ Casualty Bill .

Secondary Medical Kit.

Entering and Leaving Chamber During Treatment

During extensive treatments , medical personnel may

prefer to periodically lock into the chamber to

examine the patient and then come back out , rather

than remain inside throughout the treatment . Inside

tenders may tire and need relief . This procedure is

only possible with chambers having two locks.

In operation , the outer lock of a two-lock chamber is

kept at atmospheric pressure while the patient and

tender are inside the inner lock . Personnel entering

the chamber go into the outer lock and close and dog

the door .Theythen pressurize the outer lock at a rate

controlled by their ability to equalize , but not to

exceed 75 feet per minute . The outside tender must

record the time that pressurization begins to

determine the decompression schedule for these

personnel when they are ready to leave the chamber.

When the pressure in the outer and inner lock is

equal , the inside door (which was undogged at the

beginning of the treatment) will open .

To leave the chamber, the personnel again enter the

outer lock and the inside tender closes and dogs the

inner door. When they are ready to ascend , the diving

supervisor is notified and the required decompression

schedule is selected from the U.S. Navy Standard Air

Decompression Table and executed . Constant

communications are maintained with the inside tender

to ensure that a seal has been made on the inner

door. Outer lock pressure is controlled throughout

decompression by the outside tender.

DIVING
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Corrosion products are best removed by hand or by

using a slender pointed tool , being careful not to

gouge or otherwise damage the base metal . The

corroded area and a small area around it should then

be cleaned to remove any remaining paint and/or

corrosion products .

Steel chambers should then be painted as follows:

Inside: One prime coat FSN 8010-165-8557.

One finish coat white FSN 8010-577-

4739.

Outside: One prime coat FSN 8010-165-8557.

Two exterior coats gray FSN-8010-577-

4737.

6. The chamber must be equipped with appro-

priate fire-fighting materials such as buckets ofwater

and sand . Fire extinguishers containing carbon tetra-

chloride, CO2 , or dry powder must never be used.

These chemicals are toxic in confined , pressurized

atmospheres.

WARNING

FIRE/EXPLOSION HAZARD

No matches, lighters ,

electrical appliances

or flammable materials

permitted in chamber

Painting should be kept to an absolute minimum . Only

the coats prescribed above are to be applied .

Figure 8-10

chamber

Fire/Explosion Warning Sign for recompression

If it is not known whether the chamber had previously

been painted as above , remove all old paint and

repaint . If paint exceeds 5 mils remove and repaint .

4. Keep oil and volatile materials out of the

chamber. If any have been used , ensure that the

chamber is thoroughly ventilated before pressuriza-

tion . Do not put oil on or in any fittings or

high-pressure line ; and if for any reason oil is spilled

in the chamber or soaked into any chamber surface or

equipment, it must be completely removed . If

lubricants are required , use only those approved and

listed in NAVSEA 0901 - LP-230-0002 Chapter 9230.

Regularly inspect and clean air filters and

accumulators in the air supply lines to protect against

the introduction of oil or other vapors into the

chamber. Permit no one to wear oily clothing into the

chamber.

5. Never permit anyone to carry smoking mate-

rials , matches or lighters into a chamber , even if he

does not intend to use them . A warning sign ( Figure

No. 8-10) should be posted inside and outside the

chamber.

CHAMBER VENTILATION 8.4.3.4 Rules for

ventilation are presented in Table No. 8-5, Chamber

Operating Procedures . These rules permit rapid

computation of the number of cubic feet of air per

minute as measured at chamber pressure required

under different conditions . (The rules are designed to

assure that the effective concentration of carbon

dioxide will not exceed 1.5 percent ( 11.4 mmHg) and

that when oxygen is being used , the true percentage

of oxygen in the chamber will not exceed 30 percent) .

Deleted by Change 2

Setting Valves 8.4.3.4.1 Knowledge of the

amount of air that must be used does not solve the

ventilation problem unless there is some way to

determine the volume of air actually being used for

ventilation . The standard procedure is to open the

exhaust valve a given number of turns ( or fraction of a

turn) , which provides a certain number of cubic feet

of ventilation per minute at a specific chamber

pressure, and to use the supply valve to maintain a

constant chamber pressure during the ventilation

period . Determination of valve settings required for

different amounts of ventilation at different depths is

accomplished as follows-
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A. Mark the valve handle so that it is possible to

determine fairly accurately the number of turns and

fractions of turns .

B. Check the rules in Table No. 8-5 against

probable situations to determine the rates of

ventilation at various depths (chamber pressures) that

are likely to be needed . If the air supply is ample ,

determination of ventilation rates for a few depths (30 ,

60 , 100 , and 165 feet) may be sufficient , because the

valve opening specified for a given rate of flow at one

depth will provide at least that much at a deeper

depth . It will be convenient to know the valve settings

for rates like 30 , 60 , or 120 cubic feet per minute

because these give a simple relationship between

volume and time ( 60 cubic feet per minute = 1 cubic

foot per second , etc. ).

C. Determine the necessary valve settings for the

selected flows and depths by using the chamber itself

as a measuring vessel with the help of a stopwatch .

1. Calculate how long it would take to change the

chamber pressure by 10 feet if the exhaust valve were

letting air escape at the desired rate close to the

depth in question . Use the following formula-

where-

V x 20

T =

(P + 33)

Rx

33

T=time in seconds for chamber pressure to

change 10 feet.

V= internal volume of chamber (or of lock being

used for test) in cubic feet .

R= rate of ventilation desired , in cubic feet per

minute as measured at chamber pressure .

P=chamber pressure (gage ) in feet of sea water .

Example-

Howlong will it take
the pressure

to drop
from

170 to

160 feet in a 425- cubic
- foot

chamber

if the exhaust

valve
is releasing

60 cubic
feet

of air per minute
(asmeasured at chamber

pressure

of 165 feet)?

T=?

V=425 cubic feet

R=60 cubic
feet per minute

P=165 feet.

Substitute values in the previous equation :

425 x 20

T = =

(165 + 33)

8500

60 x 6

23.6 seconds

60x

33

2. Increase the chamber pressure (with no one

inside) to 5 feet beyond the depth in question . Open

the exhaust valve a certain amount and determine

how long it takes to come up 10 feet . ( For example, if

checking for a depth of 165 feet, take chamber

pressure to 170 feet and clock the time it takes to

reach 160 feet . ) Try opening the valve different

amounts until you know what setting will give close to

the desired time . Write down what the setting is.

Calculate the times for other rates and depths and

determine the settings for these times in the same

way. Make a chart or table of the valve setting versus

the ventilation rate and prepare a ventilation bill using

this information and the ventilation rules .

Notes on Chamber Ventilation

A. The rules given in Table 8-5 are not intended to

limit ventilation . If air is reasonably plentiful , more air

than is specified should generally be used for the sake

of comfort . This increase is desirable because it also

further lowers the concentrations of carbon dioxide

and oxygen.

B. There is seldom any danger of having too little

oxygen in the chamber . Even with no ventilation and a

high carbon dioxide level , the oxygen present would

be ample for a long time.

C. These rules assume that circulation of air in the

chamber during ventilation is reasonably good . If it is

poor, the rules may be inadequate . Having the inlet

near one end of the chamber and the outlet near the

other end helps promote good ventilation .

D. Coming up to the next stop reduces the

standard cubic feet of gas in the chamber and

proportionally reduces the quantity (scfm) of air

required for ventilation .
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E. Continuous ventilation is by far the most

efficient method of ventilation in terms of the amount

of air required for ventilation . However , it has the

disadvantage of exposing the men in the chamberto a

constant source of noise . At the very high ventilation

rates required for oxygen breathing , this noise can

reach the ranges where hearing loss becomes a real

hazard to the men in the chamber . If high sound levels

do occur , especially during exceptionally high

ventilation rates , the men in the chamber must wear

ear protectors similar to those used in aviation on

flight decks. Such ear protection is adequately

afforded by a readily available stock item : Aural

Protector , FSN-2RD-4241-759-3290- LF50 . The only

modification which these items require is a small hole

drilled into the central cavity so that they do not

produce an ear seal which could cause an ear

squeeze .

F. Note that the size of the chamber does not in-

fluence the amount of air required for ventilation .

G. Note also that increasing depth increases the

actual mass of air required for ventilation ; but when

the amount of air is expressed in volumes as

measured at chamber pressure , increasing depth

does not change the number of actual cubic feet

required .

H. If high pressure air banks are being used for

the chamber supply , pressure changes in the

cylinders can be used to check the amount of

ventilation being provided.

ANavyOXYGEN-ELIMINATION SYSTEM 8.4.3.5

approved oxygen elimination system is not presently

available . Research is now underway to develop an

adequate system , and when it receives Navy approval

it will be detailed in a revision to this manual .

CHAMBER OPERATION 8.4.3.6 The recompres-

sion chamber should be operated in accordance with

the instructions given in Table No's 8-4 and 8-5.

No deviation from standard procedures should be

attempted , except-

A. Under the direction of a diving medical officer.

B. In case of acute emergency or obvious neces-

sity. During treatment the Rules for Recompression

Treatment (Table No. 8-1 ) and the treatment tables

should be carefully followed.

TABLE 8-4

RULES FOR CHAMBER OPERATION

ALWAYS

1 .

2.

3.

Take all precautions against fire.

Provide water and sand buckets.

Use fire retardant paint and materials in the

chamber.

4. Ventilate the chamber according to specified

rates and gas mixtures.

5. Assure proper decompression of all personnel

entering the chamber.

6. Ensure that the chamber and its auxiliary

equipment is in operational condition at all

times.

7. Ensure that all personnel are trained in opera-

tion of equipment and are able to do any job

required in treatment.

8. Prepare the chamber for immediate re-use fol-

lowing a treatment.

NEVER

1. Use oil on any oxygen fitting or piece of

equipment.

2. Allow gas supply tanks to be depleted or reach

low capacity.

3. Allow damage to door seals and dogs . Use min-

minimum force in " dogging down ."

4. Leave doors dogged after pressurization .

5. Allow open flames, matches, cigarette lighters

or pipes to be carried into the chamber.

6. Permit electrical appliances to be used in the

chamber.

7. Perform unauthorized modifications on the cham-

ber support systems .

8. Pressurize outer lock of chamber by itself. (In-

ner lock door is not designed to withstand

inward pressure . )

9. Permit products in the chamber which may con-

taminate or off-gas into the chamber atmosphere .
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TABLE 8-5

CHAMBER OPERATING PROCEDURES

PRESSURIZATION

1. The diver and tender must enter the chamber

together.

2. The diver should remain relaxed and sit in an

uncramped position.

3. The tender closes and gently dogs the outer

door.

4. The tender pressurizes the chamber, at a rate

of 25 feet per minute , to the depth specified

in the appropriate decompression or recom-

pression table .

5. As soon as a seal is obtained about the door or

upon reaching depth , the tender should release

the dogs.

VENTILATION

1. When airor helium -oxygen mixture is breathed ,

provide 2 cubic feet per minute for each man at

rest and 4 cubic feet per minute for each man

who is not at rest , such as a tender actively tak-

ing care of a patient.

2. When oxygen is breathed , provide 12.5 acfm

for a man at rest and 25 acfm for a man who is

not at rest. When these ventilation rates are

used , no additional ventilation is required for

personnel breathing air. These ventilation rates

apply only to the number of people breathing

oxygen.

3. If ventilation must be interrupted for any rea-

son, the time should not exceed 5 minutes in

CHAMBER MANNING REQUIREMENTS 8.4.3.7

In conducting a recompression treatment , all

attending personnel must work as a team for the

benefit of the patient . Actual operation of the chamber

by either the inside or outside tenders is dictated by

the actual availability of qualified personnel and the

circumstances of the casualty being treated .

Outside tenders normally operate the chamber,

monitor the time and depth , and communicate with

any 30 minute period . When ventilation is re-

sumed, twice the volume of ventilation should

be used for the time of interruption and then

the basic ventilation rate should be used again .

4. The above rules apply to all chambers that do

not have facilities to monitor the oxygen con-

centration in the chamber. Chambers that can

monitor oxygen may use intermittent ventila-

tion so that the oxygen concentration in the

chamber does not exceed 30 percent. This ■

ventilation also requires no additional ventila-

tion for personnel breathing air.

5. If an oxygen elimination system is used for

oxygen breathing , the ventilation rate

for air breathing may be used .

OXYGEN BREATHING

1. Use oxygen whenever permitted to do so bythe

tables unless the user is known to be intolerant

of oxygen.

2. Adjust the breathing mask so that it seals tightly

around the face.

3. Make sure that the tender knows the various

symptoms of oxygen poisoning and how to re-

act to each symptom . Remember the symptoms

by V-E-N-T- I -D (Vision- Ears-Nausea-Twitch-

ing-Irritability- Dizziness) .

4. Ventilate the chamber in accordance with the

number of occupants breathing oxygen .

5. Be aware of increased fire hazard due to oxy-

gen enriched environments and take all pre-

cautions to prevent a fire.

inside personnel . The overall treatment is coordinated

and supervised by the senior member of the team who

is designated as the divingis designated as the diving supervisor . Careful

attention must be directed to depth , time , ventilation ,

and conformity to prescribed treatment tables .

Effective recompression treatment requires that every

member ofthe treatment team be thoroughly trained

and practiced in his particular duties . It is also

advisable to cross-train members to carry out the

duties of their teammates.
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A. Manning Requirements

The minimum team for conducting any recom-

pression operation consists of the following

members:

-
Diving Supervisor who is in complete charge

at the scene of the operation .

-Outside Tender #1 who is responsible for the

operation of the gas supplies , ventilation , and

pressurization and exhaust of the chamber when

performed from outside the chamber.

―
Outside Tender #2 who is responsible for

keeping individual and overall times on the

operation , logging progress as told by the diving

supervisor , and communicating with personnel

inside the chamber .

―
Inside Tender who must be familiar with the

diagnosis of diving related sicknesses , pres-

surizes and depressurizes the chamber when

using inside valving , and monitors and cares

for the patient during treatment .

If the patient has serious symptoms of decom-

pression sickness or gas embolism the team will

require additional personnel . If the treatment is

prolonged , a second team may have to relieve

the first team . Patients with serious decom-

pression sickness and gas embolism should be

accompanied by a diving hospital corpsman or

diving medical officer inside the chamber when-

ever available , but treatment should not be

delayed to comply with this recommendation .

B. Tending the Patient

When conducting a recompression treatment

for pain-only decompression sickness , a diver

first class , or above , should attend inside the

chamber but treatment should not be delayed

to comply with this recommendation . When

conducting oxygen toxicity or pressure tests, a

diver first class or above must tend the patient in-

side the chamber . The inside tender must be

familiar with all treatment procedures and the

signs , symptoms and treatment of all diving-

related sicknesses .

If it is known before the treatment begins that

involved medical aid must be administered to

the patient , or if the patient is suspected of

suffering from gas embolism , a hospital corps-

man or diving medical officer should accom-

pany the patient inside the chamber, but treat-

ment should not be delayed to comply with this

requirement. If the chamber is sufficiently large,

a second tender may also enter the chamber

to assist during treatment .

Inside the chamber, the tender ensures that the

patient is lying down and positioned to permit

free blood circulation to all his appendages. He

closes and dogs the inner lock door and pres-

surization begins at the normal rate :

pain onlyDecompression Sickness -

or serious symptoms . . . . . . . 25 fpm

Gas Embolism . .. as fast as possible

This rate may be decreased as necessary to

allow the patient to equalize ; however, attaining

depth on a suspected gas embolism patient is

vital and should be executed rapidly.

During the early phases of treatment, the in-

side tender must constantly watch for signs of

relief of the patient's symptoms . Avoid giving the

patient drugs which will mask the signs of his

sickness . Observation of these signs is the

principal method of diagnosing the patient's

sickness and the depth and time of their relief

designates the treatment table to be used . The

final recommendation as to which treatment

table should be used, however, must be made

by the diving supervisor or attending medical

officer OUTSIDE THE CHAMBER . Once the

treatment has been prescribed , it may only be

altered by a diving medical officer with the

concurrence of the commanding officer .

Other responsibilities of the inside tender are:

1. Releasing the door latches (dogs) after a seal

is made .
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2. Communications with outside personnel .

3. Providing first aid as required by the patient .

4. Administering oxygen or helium-oxygen to

the patient.

5. Providing normal assistance to the patient as

required .

6. Assuring that ear protection sound atten-

uators are worn during compression and

ventilation .

C. Tending the Chamber

The outside tenders are responsible for:

1. Maintaining and controlling the air supply to

the chamber .

2. Maintaining the oxygen and helium-oxygen

supply to the chamber.

3. Keeping times on all phases of the treatment

(descent, stops , ascent , overall treatment) .

4. Keeping the dive log.

5. Communicating with inside personnel .

6. Decompressing inside tending personnel

leaving the chamber before patient treat-

ment is complete .

7. Pressurizing and depressurizing the cham-

ber.

8. Ventilating the chamber.

9. Operating the medical lock .

CHAMBER MAINTENANCE 8.4.3.8

Proper care of a recompression chamber re-

quires both routine and periodic maintenance .

After every use or once a month , whichever

comes first , the chamber must be routinely

maintained in accordance with the Post- Dive

Maintenance Checklist which follows . At this

time , minor repairs may be made and used

supplies may be restocked .

At the discretion of the activity , but at least

once a year , the chamber should be inspected

both outside and inside . Any deposits ofgrease,

dust or other dirt should be removed and the

affected areas repainted .

Upon installation , at five-year intervals there-

after, and after a major overhaul or repair every

USN recompression chamber must be pressure

tested . The date of every inspection and pres-

sure test must be noted in a conspicuous loca-

tion on the outside of the chamber's shell near

the hatch ring . Notations should be made on

either adhesive-backed embossed plastic tape or

with paint .

Post-Dive Maintenance Checklist

AIR SUPPLY

✓Close all valves.

✓ Recharge , gage and record pressure of air

banks.

✓ Fuel compressors .

✓Clean compressors as per manufacturer's tech-

nical manual .

✔ Open TWO-VALVE SUPPLY outside valves .

VIEWPORTS AND DOORS

✓ Check viewports for damage ; replace as neces-

sary.

Check door seals ; replace as necessary.

✓ Lubricate door seals with approved lubricant .

CHAMBER

Wipe inside clean with vegetable-base soap and

warm fresh water.
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Remove all but necessary support items from

chamber.

✓Clean and replace blankets . Appropriate bedding

can be obtained through Navy supply system ;

FSN-9Z-7210-177-4986 or FSN-9P-7210-054-

7911 .

✓ All flammable material in chamber must be en-

cased in fire- resistant containers .

✓ Restock primary medical kit as required .

✓ Empty, wash and sanitize human waste bucket .

✓ Restock plastic bags as required .

✓ Check presence of sand and water buckets in

chamber.

Air out chamber.

Close (do not seal) outer door . Preferably

leave one light on inside chamber to keep mois-

ture out.

SUPPORT ITEMS

Check and reset stopwatches. Lock in con-

trol desk drawer.

✓ Ensure presence of USN Diving Manual ,

casualty bill , ventilation bill , and paper and

pencil at control desk .

✓ Restock secondary medical kit as required

and stowed .

✓Clean and stow fire- retardant clothing .

Check that all log entries have been made .

✓ Stow log book .

OXYGEN SUPPLY

✓Check inhalators , replace as necessary.

✓Close all valves .

✓ Bleed system .

✓ Replace cylinders , as required , with BREATH-

ING OXYGEN .

✓ Ensure spare cylinders available .

✓Clean system if contamination is suspected .

HELIUM-OXYGEN SUPPLY (Applies only to faci-

lities where installed and where required to sup-

port HeO2 diving operations)

✓Check inhalators , replace as necessary .

✓Close all valves .

✓ Bleed system .

✓ Replace cylinders , as required , with 80% hel-

ium-20% oxygen .

✓ Ensure spare cylinders available .

EXHAUST SYSTEM

✓Close ONE-VALVE EXHAUST valves .

✓Close TWO-VALVE EXHAUST inside valves.

EXHAUST SYSTEM

✓Close ONE-VALVE EXHAUST valves .

✓ Close TWO-VALVE EXHAUST inside valves .

Open TWO-VALVE EXHAUST outside valves.

COMMUNICATIONS

Test primary and secondary systems ; make re-

pairs as necessary.

ELECTRICAL

Check all circuits .

✓ Replace light bulbs as necessary .
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If lights encased in pressure- proof housing ,

check housing for damage.

✓ Turn off all power.

✓ Check wiring for fraying .

If environmental monitoring equipment is used ,

maintain in accordance with applicable technical

manual .

Every
CHAMBER PRESSURE TEST 8.4.3.9

U.S.N. recompression chamber must undergo a

pressure test upon its initial installation at a facility ,

whenever it is moved and re-installed and at five year

intervals at a given location . Procedures for

conducting this pressure test are given in Appendix L.

EMERGENCY MEDICAL EQUIPMENT 8.5

Every diving activity must maintain emergency

medical equipment immediately available for use at

the scene of a diving accident . This equipment should

be in addition to any medical supplies maintained in a

medical treatment facility, and should be kept in a kit

small enough to carry into the chamber.

Because many sterile items must be considered

contaminated following hyperbaric exposure , it is

desirable to have a primary and a secondary kit.

Kit No. 1 -
Primary Emergency Kit

Diagnostic and therapeutic equipment that is

immediately available when required . THIS KIT WILL

BE INSIDE THE CHAMBER DURING ALL TREAT-

MENTS.

Kit No. 2 -
Secondary Emergency Kit

Equipment and medicine that need not be

immediately available , but can be locked-in when

required . THIS KIT WILL BE STORED IN THE

VICINITY OF THE CHAMBER.

Suggested Contents of Emergency Kits 8.5.1

Kit No. 1 -

Diagnostic Equipment:

-flashlight

-stethoscope

-otoscope-Ophthalmoscope

-sphygmomanometer ( aneroid type only)

-reflex hammer

-tuning fork

-pin and brush for sensory testing

-tongue depressors

Emergency Treatment Equipment and Medica-

tions:

-tongue depressor taped and padded as a bite

pad in case of convulsions .

-oropharyngeal airways (#4 & #5 sizes)

-hand operated resuscitator and aspirator

-resuscitator masks with water- filled rim

-flexible rubber suction catheter

-plastic non-flexible suction tips (Yankauer®

suction tip)

-large bore needle and catheter ( 12 or 14 French)

for cricothyroidotomy or relief of tension pneu-

mothorax .

-small Penrose drain or Heimlich valve for

adaption to the Thoracentesis needle to provide

a one way flow of gas out of the chest .

-adhesive tape ( 1/2 to 1 inch)

-elastic-wrap bandage for a tourniquet (2 & 4

inch)

-asepto syringe

-bandage scissors

Kit No. 2

Emergency Airway Equipment

-cuffed endotracheal tubes with adaptors (7-9.5

mm)

-syringe and sterile water for cuff inflations

(10 cc)

-malleable stylet ( approx . 12 " in length)

-laryngoscope with extra batteries and light

bulbs

-laryngoscope blades (McIntosh #3 & #4, Mil-

ler #2 & #3)

-sterile lubricant

-soft rubber suction catheters

Drugs :

-5% dextrose in lactated Ringer's solution

-5% dextrose in normal saline

-5% dextrose in water

-atropine for injection
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-sodium bicarbonate for injection

-calcium chloride for injection

-dexamethasone for injection.

-epinephrine for injection

-lidocaine for injection

-diphenhydramine hydrochloride for injection

-diazegam for injection

-phenytoin sodium for injection

-chlorpromazine for injection

-codeine tablets

-Aspirin

-sterile water for injection

Whenever possible , pre-loaded syringe injection sets

should be obtained to avoid the need to vent a multi-

dose vial or prevent implosion of an ampule . Sufficient

quantities should be maintained to treat one injured

diver.

Miscellaneous

-nasogastric tube

-catheterization set , urethral

-intravenous infusion sets ( two)

-catheter and needle unit , intravenous (16 and

18 gauge)

-intravenous infusion extension sets (two)

-syringes (2 , 5 , 10 & 30cc)

-sterile needles (18 , 20 , 22 gauge)

-3-way stopcocks

-wound closure instrument tray, disposable

-assorted suture material

-surgical soap

-sterile towels

-sterile gloves , surgical (sizes 6-8)

-gauze roller bandage , 1 " and 2" , sterile

-cotton balls

-gauze pads , sterile , 4 " x 4"

-band aids

-splints

-eye patches

Use ofthe Emergency Kit 8.5.2 The sterile

supplies , if not adequately sealed against the

increased atmospheric pressure , should be re-

sterilized after each pressure exposure , or , if not

exposed , at 6-month intervals .

Not all drug ampules will withstand pressure , and

bottle stoppers may be pushed in . Bottles with

stoppers may be vented with a needle during

pressurization and then discarded if not used.

Because the available facilities may differ on board

ship , at land-based diving installations , and at diver-

training or experimental units , the responsible

medical officer or hospital man will have to modify the

emergency kits to suit the local needs . Both kits

should be taken to the recompression chamber or

scene of the accident .

The emergency kit should be sealed in such a way

that it can be opened readily when needed but will not

be opened and plundered for no good cause . A broken

seal will indicate that it has been opened . The kit

should contain a list of contents , and each time it is

opened (or at monthly intervals in any case) , it should

be checked for presence and condition of all items .

Sterile supplies should be provided in duplicate so that

one set can be autoclaved in the meantime .

Normally, use of the emergency kit should be

restricted to the medical officer or a well-trained

corpsman . Concise instructions for administration of

each drug should be provided in the kit . In untrained

hands, many of the items can be dangerous.

Remember, that as in all types of treatment , YOUR

FIRST DUTY IS NOT TO DO HARM .
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APPENDIX A

FORMULAS AND CONVERSION FACTORS

FORMULAS AND CONVERSION FACTORS

FORMULAS-

Listed below are formulas, and their respective

units, which are commonly encountered in air div-

ing operations .

Symbols and Notes

A Area

C Circumference

D Depth ofwater

H
Height

L Length

N

R Radius

T Tons

t Time

V Volume

Dia. Diameter

Number of divers

Lifting Capacity (In Pounds)

-
Fresh water (Vx62.4) Weight of lifting unit = lift

Salt water (Vx64) - Weight of lifting unit = lift

Miscellaneous Formulas

Partial Pressure of a gas (in psi) —

P.P. = [ (D + 33) × .445 ] X % of gas

P.P. =
D + 33

33
x % of gas, in ata.

P.P. = [D +33] x % of gas , in fsw .

Time between stops in seconds-

(D -D
left arrived ) X 60

=

Dia.2 Diameter squared

Dia.3 Diameter cubed

π(pi) 3.1416

.7854

.5236

P.P. Partial Pressure

psi Pressure per square inch

psig Gage pressure

psia Absolute pressure

F.P.M. Feet per minute

B.S.
Breaking strain of line or rope

S.W. Safe working load of line or rope

Formula for Areas

The area of a square or rectangle-

A=LXW

The area of a circle-

A=.7854 x Dia.2 or A = πR²

Formulas for Volumes

Thevolume of a cube (compartment)-

V = L x W x H

Thevolume of a sphere (balloon)-

V=.5236 x Dia.3

Thevolume of a cylinder (pontoon) —

V=.7854 x Dia.2x L

F.P.M.

Emergency Hose Test [ (D x .445) + 50] × 2

(Hold pressure for 10 minutes)

Formulas for Seamanship

1. Breaking strain of natural fiber line =

C² x 900 lbs.

2. Breaking strain of nylon line C2x 2,400 lbs.

3. Breaking strain of wire = C2 x 8,000 lbs.

Safe working load for 1-2-3 above-

1/4 B.S.S.W. for new line or wire

% B.S.S.W. for average line or wire

8 B.S.S.W. for unfavorable conditions

Safe working load of a shackle =

3 x Dia.²= S.W. in tons

Safe working load of a hook =

23 × Dia.² = S.W. in tons

CONVERSION TABLES-

Use ofTables-To use the conversion tables which

follow , locate the rowwhich has the number 1 given

for the unit which is known . Move along that row to

the column which lists the unit to be found. The

number common to the known unit's row and the

unknown unit's column is the multiplying conver-

sion factor.

Example-Convert 34 FEET to METERS

1. FEET and METERS are units of length , so the

LENGTH Table must be used.

2. In the FEET column , locate the number 1 .

3. Follow that row to the METER column .
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4. The number at the intersection is 0.3048 . This

means that 1 FOOT = 0.3048 METERS

5. Multiply the conversion factor (0.3048) by the

number of known feet to obtain the equivalent

number of meters.

34 FEET X
0.3048 METERS

1 FOOT

=
10.36 METERS

ANSWER : 34 FEET 10.36 METERS
=

Explanation of Exponents-

Positive exponents-To obtain total number, move

the decimal point to the right a number of digits.

equal to the value of the exponent.

Examples-

1.39 x 103 1,390.
=

234.381 x 105 23,438,100.

Negative exponents-To obtain total number, move

the decimal point to the left a number of digits

equal to the value of the exponent.

Examples-

23.71 x 10-3 = 0.02371

1.394 x 10-2= 0.01394

To Multiply- Carry the multiplication factor to the

base 10 through to the final answer.

Examples-

To convert 937 BTU's to kilowatt-hours-

(937) (2.930 × 10-4 conversion factor)

= 2745.41 X 10-4

= 0.275451 kw-hr.

To convert 1.32 cubic yards to cubic centimeters-

(1.32) (7.646 × 105 conversion factor)

= 10.09272 × 105

= 1,009,272 Cu cm

Ifboth numbers have exponents, add the exponents

algebraically

Examples-

=
(4.32 × 104) ( 1.91 x 105) 8.251 × 10°

(4.32 × 104) × ( 1.91 × 10−5) = 8.251 × 10-¹

LENGTH EQUIVALENTS

Centi- Kilo-

meters Inches

1 .3937

12.54001

30.4801 12

91.4403 36 3 1

100 39.37 3.28083 1.09361

182 882 72 6

100000 39370 3280.83 1093.61

160935 63360 5280 1760

185325 72962.4 6080.4 2026.73

1

Feet Yards

.032808 .010936

.08333 .027778

.33333

Meters

.01

.025400

.304801

.914403

1

Fathom meters Miles

Int. Nau-

tical miles

-3 -6 -6

2 1.82882

1000

1609 35

1853.25

5.468 x 10

.013889

.166665

.5

.5468

1

546 8

.00001

2.540 x 10

3.0480 × 10-4

9.144 x 10

-5

-4

.001

1.8288 x 10-3

880

1013.36

1

1.60935

6.2137 x 10

-5

1.5783 x 10

1.8939 x 10"

5.6818 x 10

6.2137 x 10

1.1364 x 10-3

.62137

1

-4

-4

-4

1.85325 1.15155

5.3959 x 10

1.3706 x 10

1.6447 x 10

4.9341 x 10

5.3959 x 10

9.8682 x 10

.539593

.868393

1

-5

-4

-4

-4
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AREA EQUIVALENTS

Square Square Square Square

Meters Centimeters Inches Feet

Square

Yards Acres

Square

Miles

-4 -7

1 10000 1550 10 7639

-3

0001

645 6× 10-4

1 155 1 0764 x 10

-3
6.45163 1 6 944 x 10

092903

836131

4046.87

929.034

8361.31

144 1

1.19599

1.196 x 10

7.716 x 10

11111

-4

-4

1296

4 0469x 10' 6 2726 x 106

2.59x106 2 59 × 10¹0 4 0145 x 109

9

43560

2 7878 x 107

1

2.471 x 10

2.471 x 107

1.594 x 10-7

2.2957 x 10-5

2.0661 x 10-4

-8

3.861 x 10

3.861 x 10-11

2.491 x 10 "

3.578 x 10

3.2283 x 10-7

-10

-8

4840 1 1 5625 x 10

-3

3 0976 x 10' 640 1

VOLUME AND CAPACITY EQUIVALENTS

Cubic

Centimeters

Cubic

Inches

Cubic

Feet

Cubic

Yards Milliliters Liters Pint

1 061023 3 531 x 10-5 1 3097 x 10-6
-4

999972

-4 -5
16 3872

28317

764559

1 5 787 x 10 2 1434 x 10 16.3867

9.9997 x 10

.0163867

2.113 x 10-3

Quart

1.0567 x 10-³

Gallon

-4

2.6417 x 10

-3
.034632 .017316 4.329 x 10

1728 1

1 00003

1000 03

46656

.0610251

27

037037

1

28316.2 28.3162 59.8442 29.9221

764538 764.538 1615.79 807.896

7.48052

201.974

3.5315 x 10-5 1.308 x 10

-3

473.179

946 359

3785 43

61.0251

28.875

57.75

231

.0353154

.0167101

.0334201

133681

1 308 x 10

6 1889 x 10-4

1000

.001

1

2.1134 x 10-3
-3 -4

1.0567 x 10 2.6418 x 10

2.11342 1.05671

473 166 473166 1 .5

.264178

.125

1.2378 x 10-3 946 332 946332 2 1 .25

4 9511 x 10-3 3785.33 3.78533 8 1

MASS EQUIVALENTS

Kilograms Grams Grains Ounces Pounds Tons (short) Tons (long) Tons (metric)

1 1000 15432.4 35 274

.001

6 4799 × 10

1 15.4324

-5

0283495

.0647989

28.3495

1

.035274

2.2857 x 10³
-3

453592 453.592

437.5

7000

1

2.20462

2.2046 x 10

1.4286 x 10

0625

-3

-4

16 1

-3
1.1023 x 10

-6

1.1023 x 10

7.1429 x 10

3.125 x 10-5

.0005

-8

7
907.185 907185 1.4 x 10 ' 32000 2000 1

6 7
1016.05 1.016 x 10

1000 106

1 568 x 10

1.5432 x 10 '

35840 2240

35274 2204.62

1.12

1.10231

9.842 × 10-4

9.842 x 10

6.3776 x 10

-5
2.790 x 10

4.4643 × 10-4

.892857

1

-7

.001

.000001

-8 -8

6.4799 x 10

2.835 x 10-5

4.5359 x 10-4

984206

.907185

1.01605

1
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A
p
p
e
n
d
i
c
e
s

VELOCITY EQUIVALENTS

Centimeters Meters Meters Kilometers Feet Feet Miles

Per Second Per Second Per Minute Per Hour Per Second Per Minute Per Hour

1 0.01 .6 .036 .0328083 1.9685 .0223693

Knots

.0194673

100 1 60 3.6 3.28083 196.85 2.23693 1.94673

1.66667 .016667 1 0.06 .0546806 3.28083 .0372822 .0324455

27.778 .27778 16.667 1 0.911343 54.6806 .62137 .540758

30.4801 .304801 18.288 1.09728 1 60 .681818 .593365

.5080 5.080 x 10-3 .304801 .018288 .016667 1 .0113636 9.8894 x 10-³

44.7041 .447041 26.8225 1.60935 1.4667 88 1 .870268

51.3682 .513682 30.8209 1.84926 1.6853 101.118 1.14907 1

PRESSURE EQUIVALENTS

Atmospheres Bars

Kilograms

Per Square

Centimeter

Pounds

Per Square

Columns of Mercury

Inch

at 0°C

Meters

Columns ofWater*

at 15°C

Inches Meters (FW) Inches ( FW) Feet (FW) Feet ( S

1 1.01325 1.03323 14.696 .76

.986923 1 1.01972 14.5038 .750062

29.9212

29.5299

10.337 406.966

10.2018 401.645

.967841 .980665 1 14.2234 .735559 28.959 10.0045 393.879

33.9139

33.4704

32.8232 32 002

33 06

32 633

.068046 .068947 .070307 1 .0517147 2.03601 .703386 27.6923 2.30769 2.25

1.31579 1.33322 1.35951 19.3369 1 39.37 13.6013 535.482 44.6235 43.50

.0334211 .0338639 .0345316 .491157 .0254 1 .345473 13.6013 1.13344 1 1C5

.09674 .098022 .099955 1.42169

2.4572 x 10-3 2.4898 x 10-3 2.5389 x 10-³
-3

.029487 .029877

.030243 .030643

.030466

.031247

.0361111

.43333

.44444

.073523

1.867 x 10-3

2.89458

.02241

.022984

1

.073523 .025400

.882271 .304801

.904893 .312616

39.37
3.28083.1988

1 .08333 0812

12

12.3077

975

1.02564
1

*NOTE: Fresh Water = 62.4 lbs/ft3

SaltWater = 64.0 lbs/ft3

ENERGY OR WORK EQUIVALENTS

International

Joules

Foot-

1

Ergs

107

Pounds

.737682

10-7
-8

1 7.3768 x 10

7

1.3556 1.3556 x 10 1

International

Kilowatt

Hours

2.778 x 10-7

2.778 x 10-14

3.766 x 10-7

6
3.6 x 10 3.6 x 10¹3 2.6557 x 10 °

6

2.684 x 10°

6 13

4186.04

1054.87

2.684 x 10

4.186 x 10

1.0549 x 10"

10

10

1.98 x 10 6

3087.97

778.155

1

745578

Horse Power

Hours

3.7257 x 10-7

3.726 x 10-14

5.0505 x 10-7

1.34124

1

Kilo-

Calories B.T.U.

2.3889 x 10-4

2.389 x 10-¹¹

3.238 x 10-4

860

641.197

9.4799 × 10-4

9.4799 x 10-¹¹

1.285 x 10 -³
-3

3412.76

2544.48

-3
1.163 x 10

2.930 x 10

-4

1.5596 x 10-3

3.93 x 10-*

1 3.96832

.251996 1
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POWER EQUIVALENTS

International

Horse International Joules/ Kg .-M

Power Kilowatts Second Second

Foot Ibs.

Per Second

IT Calories

Per Second

1 .745578 745.578 76.0404 550

1.34124

1 3412 x 10-3

0131509

1 1000 101.989 737.683

178.11

238.889

BTU

Per Second

.7068

.947989

001 1 .101988 .737682 .238889 9.4799 x 104

9 805 × 10 -³
-3

9.80503 1 7.233 2.34231 9.2951 x 10-3

-3
1 8182 x 10 1 3556 x 10-³ 1.3556 138255 1 .323837 1.2851 x 10-³

-3

5 6145 × 10 4 1861 x 10 4.18605 426929 3.08797 1 3.9683 x 10-3

1 41483 1 05486 1054.86 107.584 778.155 251.995 1

TEMPERATURE EQUIVALENT

°C °F °C °F °C °F °C °F

유

-100 -148.0 -60 -76.0 -20 -4.0 20 68.0 60

-98 -144 4 -58 -72.4 -18 -0.4 22 71.6 62

2
8

8

°F °C °F

유

°C °F

140.0 100 212.0 140 284.0

143.6 102 215.6 142 287.6

-96 -140.8 -56 -68.8 -16 3.2 24 75.2 64 147.2 104 219.2 144 291.2

-94 -137.2 -54 -65.2 -14 6.8 26 78.8 66 150.8 106 222.8 146 294.8

-92 -133.6 -52 -61.6 -12 10.4 28 82.4 68 154.4 108 226.4 148 298.4

-90 -130.0 -50 -58 O -10 14.0

-88 -126.4 -48 -54.4 -8 17.6

-86 -122.8 -46 -50 8 -6 21.2

-84 -119.2 -44 -47.2 -4 24.8

8888

30 86.0 70 158.0 110 230.0 150 302.0

32 89.6 72 161.6 112 233.6 152 305.6

34 93.2 74 165.2 114 237.2 154 309.2

36 96.8 76 168.8 116 240.8 156 312.8

-82 -115.6 -42 -43.6 -2 28.4 38 100.4 78 172.4 118 244.4 158 316.4

-80 -112.0 -40 -40.0 0 32 40 104.0 80 176.0 120 248.0 160 320.0

-78 -108.4 -38 -36.4 2 35 6 42 107.6 82 179.6 122 251.6 162 323.6

-76 -104.8 -36 -32.8 4 39.2 44 111.2 84 183.2 124 255.2 164 327.2

-74 -101.2 -34 -29.2 6 42.8 46 114.8 86 186.8 126 258.8 166 330.8

-72 -97.6 -32 -25.6 8 46.4 48 118.4 88 190.4 128 262.4 168 334.4

-70 -94.0 -30 -22.0 10 50.0 50 122.0

-68 -90.4 -28 -18.4 12 53.6 52 125.6

-66 -86.8 -26 -14.8 14 57 2 54 129.2

-64

-62

-83.2 -24

-79.6 -22

-11.2 16 60.8 56 132.8

-7.6 18 64.4 58 136.4

8
8
8
8
8

90 194.0 130 266.0 170 338.0

92 197.6 132 269.6 172 341.6

94 201.2 134 273.2 174 345.2

96 204.8 136 276.8 176 348.8

98 208 4 138 280.4 178 352.4
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APPENDIX B

RECORD KEEPING AND REPORTING

The reports and records outlined in this section are

designed to overcome certain inadequacies in the

method of logging diving operations . On the assump-

tion that the diver is the most immediately concerned

with his own career, the responsibility for preparation

of most of the records is placed on him . The respon-

sibility for a high overall standard of completeness

and accuracy rests progressively on the Diving Super-

visor,the Diving Officer, and the Personnel and Com-

manding Officers .

DIVING RECORD SYSTEM

There are three objectives to be attained in the estab-

lishment of an adequate diving record system . These

objectives are-

1. Establish a satisfactory operational record .

2. Provide data for analysis .

3. Establish a personal record .

The operational record may be described as a stand-

ardized record prepared in accordance with estab-

lished military practice . Such a record is the normal

minimum required when life is risked . It tends to

ensure proper operational procedures and promotes

safety and safe practices.

The second objective is to provide data for analysis.

Without knowledge of the type and extent of diving.

being done in the Navy, it is impossible to estimate

accurately the incidence of equipment failure and

diving accidents , or to keep abreast of the needed

procedures, training , and equipment to meet fleet

diving requirements .

The establishment of a personal record in the third.

objective is an effort to promote esprit de corps and

personal pride . By imposing a certain responsibility

on the individual , he becomes more aware of the

existence of the record and of the benefit of a good

record.

The long, arduous , unrewarded dives amass an expe-

rience level that is , in itself, rewarding . The Diving

Supervisor and Diving Officer are provided with an

assessment factor to assist in the assignment of

difficult diving jobs .

COMPONENTS OF THE SYSTEM

The components established to meet the objectives

outlined above are :

1. Diving Log - Accident/Injury Report , OPNAV

9940/1 ; Figure B- 1 shows the overlay and

insert page.

2. Diver's Log Binder; Figure B-2

3. Diving Duty Summary Form ; Figure B-2

DIVING LOG -ACCIDENT/INJURY REPORT-

Requirements- OPNAV Form 9940/1 must be filed

for every dive (or hyperbaric exposure incident to

diving ) conducted under the auspices of the U.S.

Navy in accordance with OPNAVINST 9940.2. Line 1

through 5 of the form must be filled out for every dive.

Line 6 must be completed for each dive resulting in

accidents or injuries.

Form Type-The Diving Log -Accident/Injury Report

(OPNAV Form 9940/1 ) is a coded computer sheet

which is inserted into a multi-leaf overlay (OPNAV

Form 9940/1A) . Instructions for writing the correct

code numbers and letters on the report are printed on

the leaves of the overlay.

Other Forms-OPNAV 9940/1 replaces Diving Log

Sheet (NAVSHIPS Form 9940/1 ) and Report of De-

compression Sickness and All Diving Accidents

(NAVMED Form 6420/1 ) . This form is used in lieu of

the Accidental Injury/Death Report (OPNAV Form

5100/1 ) except in cases where a JAG Report is re-

quired . In this situation both forms OPNAV 9940/1 and

OPNAV 5100/1 must be filed.

Disposition - Send completed form within 10 daysto:

Naval Safety Center

Norfolk , Virginia , 23511

Instructions For Preparation of OPNAV 9940/1-

1. Each of the individual overlays contains in-

structions and coding symbols for each of the

blocks on one line of the report form .

2. The following explanatory notes pertain to

specific entry requirements-

A. Activity dive set/group number; the se-

quential number of the particular dive ,

participated in by one or more divers,

conducted by the reporting activity on

RECORDS B-1
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that calendar date; i.e. , 08 would mean

the eighth dive conducted bythe activity

on the reported date (not necessarily by

the eighth diver) .

B. Total number of divers in the group; nu-

merical total from 01 to 99 divers partici-

pating in a particular activity dive.

C. The diver's number within the group;

each diver in a group of divers participat-

ing in a particular activity dive is to be

assigned a two-digit number from 01 to

99. The highest diver number must equal

the total number of divers in the group , i.e.

if 10 divers are participating in a dive,

theywill be numbered 01 through 10 .

3. For each dive (subparagraph 2A above) ir

which no accident occurs , one report form

with lines 1-5 (through decompression profile )

is to be completed . Lines 1 and 2 of this report

form will contain the date for diver numberone

of the group (defined in subparagraph 2C

above) . A separate report form containing

lines 1 and 2 data only is to be completed for

each of the other divers participating in the

dive .

4. In the event that any item in lines 4 or 5 for a

particular diver is different from the group ,

that item will be filled in on the report form for

the particular diver.

5. In the event of a diving or diving related acci-

dent or injury, the entire report form (Lines 1-6)

is to be completed for each affected diver.

6. Space at the top of each report form is pro-

vided for narrative remarks . In most cases ,

remarks will not be required , however, com-

mands are encouraged to submit additional

clarifying information , comments , or observa-

tions. A narrative is required in the event of

accident or injury.

DIVER'S LOG BINDER

Issuance-A Diver's Log binder is issued to each

graduate ofthe Naval School , Diving and Salvage . It

is his personal record . The binder serves as a de-

pository for his Diving Duty Summary forms.

Training activities other than the Naval School , Diving

and Salvage, should present suitable bindersto divers

ofany designation qualified bythem .

Purpose-The binder and its contents are available

to the Diving Supervisor to assist him in the detailing

of divers. Each diver is responsible for maintaining

his own records and for presenting his binder on each

new assignment to diving duty. Each command may

establish its own system for assisting the divers in

keeping their records current and for providing proper

stowage .

The Diver's Log is an official record and may be used

for such purposes as determining the experience of

divers and comparing the relative experience of sev-

eral divers . Ultimately the log will be valuable when

considering recommendation of a diver, first class,

for advancement to master diver.

DIVING DUTY SUMMARY FORM

Issuance-Along with the log binder, each graduate

of the Naval School , Diving and Salvage , is presented

with two copies of a Diving Duty Summary Form . The

initial entries recording qualification and the issuance

of the log binder are completed and signed prior to

presentation . The original is placed in the Diver's

Log binder and the duplicate copy is placed in his

service record .

Training activities other than the Naval School , Diving

and Salvage, should prepare similar forms for presen-

tation to divers of any designation qualified by them .

Purpose-This form , when properly filled out, repre-

sents a complete record of the diver's diving career.

Each line entry represents a permanent assignment

to diving duty. It includes all temporary additional

duty assignments made within the permanent assign-

ment period . One line may thus represent several

years' service on board one command.

Responsibility- It is the diver's responsibility to

ensure that both copies of the form are maintained

current with each permanent assignment to diving

dutyor with each assignment to requalification diving.

Just prior to detachment , he must sum up in his copy

all the diving he has performed . It mustthen be turned

in to the ship's office for transcription to the duplicate
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SEA STATE

copy. Both copies must then be signed by the Com-

manding Officer or his authorized representative

before the diver is transferred . The signature on the

diver's copy signifies that the command approves

his record and that it has been transcribed to the

official copy.

Disposition -On failure to retain diving qualification ,

or on final separation from active duty, the form must

be completed and the duplicate forwarded to the

Officer in Charge, Navy Experimental Diving Unit,

Panama City, Florida , 32401 .

Duplicate Diving Duty Summaries and Diver's Log

binders may be requested from the Naval School ,

Diving and Salvage, when the original is verified lost

or destroyed orwhen the individual re-enlists .

An individual who is retrained and redesignated at

the Diving School after his previous qualification has

lapsed is issued a new Diving Duty Summary. It must

be the objective of all concerned to reduce to an

absolute minimum the occasions requiring this re-

training and redesignation .

Figure B-1 Overlay and Insert Page ; Diving Log -Accident/Injury

Report Form OPNAV 9940/1

Figure B-2

Summary Form

9
0
1

5.83410

Diver's Log Binder and Diving Duty

RECORDS
B-3/(B-4 Blank)





APPENDIX C

SEA STATE CHART

WIND AND SEA SCALE FOR FULLY ARISEN SEA

SEA STATE CHART C-1
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APPENDIX E

SELECTION, QUALIFICATION AND

TRAINING OF PERSONNEL

GENERAL E.1

In the selection of personnel for diving training , the

commanding officers and examining boards shall be

guided strictly by the Bureau of Naval Personnel

Manual , the Manual of the Medical Department.

Catalog of Navy Training Courses (CANTRC)

NAVTRA 10500 , and other current instructions .

Physical and Psychological
Commands must

insure that applicants for all types of diving duty are

properly screened prior to being ordered to diving in-

struction . To effect such screening , order applicants

to the nearest activity having facilities to conduct the

following:

A PHYSICAL EXAMINATION-This must be ad-

ministered by a medical officer in accordance with

the Manual of the Medical Department Article 15-30to

determine fitness for diving training.

B
RECOMPRESSION CHAMBER PRESSURE

TEST-Candidates shall be subjected to a pressure

of 50 psig .

C OXYGEN TOLERANCE TEST-At the time of

his initial examination , each candidate for diving

training must demonstrate his ability to tolerate breath-

ing pure oxygen at a simulated depth of 60 feet for 30

minutes at rest . The purpose of this test is to eliminate

from diving duty those individuals who are suscep-

tible to oxygen intoxication to a degree that may be

hazardous to themselves and others . To maintain uni-

form standards , certain procedures must be followed .

The oxygen must be supplied through a demand valve .

Oxygen masks and systems employing a rebreathing

bag must not be used . If a man has a convulsion or

demonstrates definite preconvulsive signs ( i.e. , twitch-

ing of lips or limbs) during the test, he has failed . The

test must not be repeated . If during the test the candi-

date complains of symptoms such as nausea , tingling

sensations , dizziness , or others , the test may be termi-

nated and repeated at a later date at the discretion of

the medical officer.

D
ATEST DIVE IN A DIVING SUIT UNDER THE

GUIDANCE OF AQUALIFIED OFFICER-In this con-

nection , it has been repeatedly demonstrated that a

man showing any reluctance or timidity in making his

initial dive seldom becomes an acceptable diver.

E INTERVIEW BY A QUALIFIED DIVING OFFI-

CER TO ASCERTAIN , INSOFAR AS POSSIBLE , THE

ATTITUDE AND MOTIVATION OF THE APPLICANT

-Because of the nature of the duties and responsi-

bilities of each officer and man engaged in diving , the

psychological fitness of each officer and man for div-

ing training should be carefully appraised . All diving

candidates must be volunteers . The individual should

have arrived at his decision for diving after mature de-

liberation, and should be motivated by a real desire

for this duty. Emotional maturity , stability, dependa-

bility, and at least normal intelligence are necessary.

Psychiatric conditions or personality traits that might

prevent satisfactory adjustment to diving duty are dis-

qualifying factors .

Deleted by Change 2

SELECTION , QUALIFICATION AND TRAINING OF PERSONNEL E -1
Change 2



A
p
p
e
n
d
i
c
e
s

d

Deleted by Change 2 Deleted by Change 2

E-2 US NAVY DIVING MANUALChange 2



Deleted by Change 2 Deleted by Change 2

QUALIFICATIONS FOR DIVERS E.3

1-Qualified divers are divided into six classes ac-

cording to their degree of qualification as follows-

-Master Divers (5341 ) .

-Saturation Diver (5311).

-Divers First Class (5342) .

- Medical Deep-Sea Diving Technician (8493) .

-Salvage Divers (mobilization only).

-Divers Second Class (5343).

-Scuba Divers (5345).
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NOTE

When a man has been trained and qualified

as a diver, an entry shall be made on page

13 of his service record as follows-

DATE: Qualified as to

(class diver)

a depth of feet. Qualifica-

tion lapse date

Authorized assignment to NEC

Diving Billets (see

OPNAV Form 1000/2) and entitled

to receive appropriate pay when

performing the duties of the billet.

Assignment of NEC

recommended to BUPERS. AUTH :

Article 1410380 (1 ) BUPERS Manual .

Signature

2 Navy Enlisted Classifications which include a

degree of diving qualification , collateral to basic

classification , are as follows-

-Underwater Demolition Team Swimmer

(5321 ) .

-Underwater Demolition Team Swimmer/Ex-

plosiveOrdnance Disposal Technician (5322) .

-Combatant Swimmer (SEAL Team) (5326) .

-Combatant Swimmer (SEAL Team/Explosive

Ordnance Disposal Technician) (5327).

- Explosive Ordnance Disposal Technician

(5332) .

-Underwater Photographer (8136).

-Hospital Corpsman , Special Operations

Technician (8492).

NOTE

When a man has been trained and qualified

in one of the above categories, an entry

shall be made on page 13 of his service

record as follows:

DATE: Qualified as

depth of

lapse date

signmentto NEC.

to

feet. Qualification

Authorized as-

Billet (in OPNAV Form 1000/2) and

entitled to receive appropriate pay

when performing the duties of the

billet. Assignment ofNEC

recommended to

BUPERS. AUTH : Article 1410380(2)

BUPERS MANUAL.

Signature

3-Classification and designation

A After a BUPERS Report 1080-14 listing the ap-

propriate NEC has been received and the page 4

service record entry made assigning the appropriate

NEC, this code will not be removed because the

man's qualification as a diver lapses , but will be re-

tained as long as he is capable of being requalified

as a diver. Personnel no longer volunteering or capa-

ble of requalifying for diving duties shall be reported

to the Chief of Naval Personnel in order that their diver

NEC's can be revoked.

B
The enlisted designator shall be placed im-

mediately after the man's rating abbreviation in

parentheses and shall appear with his rating abbrevi-

ation on all service-record pages and on all corres-

pondence pertaining to him thereafter as long as he

remains a qualified diver. In the case of a diver's fail-

ure to requalify by the end of his qualification period ,

the DV designator must be removed on the date fol-

lowing the last date of the qualification period . The

DVdesignator may, however, be restored bythe com-

manding officer upon completion of the necessary

requalification dives not later than 1 year after lapse

of qualification . Should qualification lapse continu-

ously for a period of 1 year, the individual must be

retrained in accordance with paragraph 6 following.

All actions which result in the assignment or removal

of the enlisted designator (DV) shall be reported im-

mediately to the cognizant PAMI by an appropriate

diary entry.

4-Training and selection

A in the training and selection of men as divers,

commanding officers and examining boards shall be

guided strictly bythe Bureau of Naval Personnel Man-

ual , the Manual of the Medical Department, the Bu-

E -4
US NAVY DIVING MANUAL



reau of Naval Personnel Formal Schools Catalog

NAVPERS 91769 (current series) , and other current

instructions.

B An officer will be assigned responsibility for

any and all diving . That officer will study all diving

publications available and will make every effort to

assure himself that all diving is conducted in accord-

ance with good diving practice . He will particularly

insure that the man in charge of the actual diving op-

erations is a diver whose competency , responsibility,

and reliability are commensurate with the particular

operation .

5-Physical Requirements

No man shall be allowed to dive unless he has been

found physically qualified by examination in accord-

ance with article 15-30 of the Manual of the Medical

Department; frequency of these examinations is set.

forth therein .

6-Tenure, Qualification , and Requalification

Periodic qualification of all divers is necessary to in-

sure continuous proficiency and maximum safety.

Divers will be qualified for 6-month periods . An entry

will be made in the service record to show the period

of a diver's qualification . When dives are conducted

in accordance with the requirements within

the period of qualification , a diver will be con-

sidered qualified for another 6-month period , begin-

ning on the date his qualification would have elapsed.

If dives are conducted in accordance with the re-

quirements listed below within 1 year of the date on

which qualification lapsed , the diver will be con-

sidered requalified , and an entry to that effect will be

made in the service record . If a diver's qualification.

has lapsed continuously for more than 1 year, he will

be retrained and redesignated in accordance with

paragraphs 8 through 13 herein as applicable, but

only after his permanent interest in diving and his sin-

cere desire for redesignation are established . En-

titlement to special pay for diving duty depends upon

the maintenance of qualification by actual perform-

ance of dives . Accordingly, no extensions of diver

qualifications are authorized except by the actual

performance of prescribed qualification dives . Four

dives are required to maintain diver qualifications ,

except tha UDT swimmers , EOD technicians ,

underwater photographers , hospital corpsmen

special-operations technicians , and scuba divers are

required to perform a combination of dives and swims

using scuba equipment .
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7-Revocation of Designation

Commanding officers may recommend to the Chiefof

Naval Personnel the revocation of the designation of

any class of diver with reasons therefor. Whenevera

designation is revoked , an entry will be made onthe

administrative-remarks page of the service record ,

showing date of revocation and reasons therefor , and

reported as a miscellaneous change to the cognizant

PAMI .

8-Distinguishing Mark

An enlisted man who qualifies as a diver will be au-

thorized to wear a distinguishing mark as prescribed

by the U.S. Navy Uniform Regulations , 1969-Author-

ization to wear the distinguishing mark will continue

throughout the tenure of qualification . Master divers,

who through no fault of their own , are physically dis-

qualified from continuance in diving , may continue to

wear the master diver distinguishing mark.

9-Requirements for Master Divers (effective 1

February 1962)

A Designation-Master divers are the most com-

petent divers first class who have been recommended

by their commanding officer and approved by the

Chief of Naval Personnel for designation as master

diver to fill an authorized billet at a diving activity.

Commanding officers of diving-type activities may

recommend by letter to the Chief of Naval Personnel

any diver first class for designation as master diver

who fulfills the qualification requirements listed be-

low. No waiver of these requirements is authorized

E -6 Change 2 US NAVY DIVING MANUAL



except that the Chief of Naval Personnel will consider,

on an individual basis when so recommended by the

commanding officer, the waiver of one-type vessel

service requirement in the case of individuals whose

performance is of such excellence as to warrant spe-

cial consideration . The letter of recommendation will

note the fulfillment of each requirement and will con-

tain a statement of duties performed as a diver.

B
Eligibility requirements-The candidate must-

1 Be a chief petty officer, pay grade E-7 or

above other than hospital corpsman , a min-

imum of 1 year.

2 Have served a minimum of 2 years with the

designation and qualification of diver first

class.

3 Have served as a qualified diver first class a

minimum of 12 months aboard a helium -oxy-

gen-equipped diving vessel , and as a quali-

fied salvage diver, or above , a minimum of 12

months aboard an ARS or ARSD-type diving

vessel.

4 Have averaged during the preceding year at

least 3.5 in each of the following with no in-

dividual mark less than 3.2: professional per-

formance; leadership ; and supervisory ability.

5 Be a designated diver first class.

6 Be a graduate of the master diver qualifica-

tion course conducted at Naval School , Div-

ing and Salvage , Washington , D. C.

Qualification factors-The qualification factors

are as follows-

C

1 Demonstrate ability to take charge of all

phases of helium -oxygen diving .

2 Demonstrate ability to plan and take charge

of all diving operations.

3 Demonstrate ability to take charge of opera-

tion and maintenance of a submarine-rescue

chamber.

4 Demonstrate knowledge of all Navy-procured

types of self-contained underwater breathing

equipment, including their advantages and

limitations .

5 Know the methods and materials used in un-

beaching ships on strand under various

conditions of beach , sea, and water, and

refloat sunken vessels.

6 Demonstrate knowledge of the types of

compressors used habitually in diving opera-

tions , including the various filtering methods

and the necessary precautions to observe.

7 Understand the principles of the general gas

law and its derivatives ( Boyle's and Charles'

laws).

8 Understand the principles of Dalton's law of

partial pressures and Henry's law of fluid

saturation .

9 Understand the theory of inert-gas saturation

and desaturation of body fluids and tissues.

10 Understand the principles involved in the

computation of various decompression

tables.

11 Recognize the different forms of decompres-

sion sickness and know the treatment

required.

12 Understand the effect upon the respiratory

system of such poisonous gases as may be

encountered in diving , and know the treat-

ment required .

13 Know the name and use of equipment re-

quired for safe diving operations.

14 Know the causes , symptoms, and treatment

of, and preventive measures for, all types of

diving accidents.

15 Have a comprehensive knowledge of the

scope, content , and application of Navy pub-

lications and instructions pertaining to div-

ing , such as the Diving Manual (NAVSHIPS

0994-001-9010) and applicable sections of

the Naval Ship Systems CommandTechnical

Manual , Manual of the Medical Department ,

and Bureau of Naval Personnel Manual .

10- Requirements for Saturation Divers

The Saturation Diver NEC 5311 assignment is con-

tingent upon completion of the specialized Satura-

tion training program and formal recommendation

by the Saturation Training Officer. A prerequisite

for an NEC 5311 assignment is the possession of an

NEC 5342. The Saturation diver must be able to live

SELECTION , QUALIFICATION AND TRAINING OF PERSONNEL E-7



and work at great depths for extended periods of

time, conduct large object salvage to continental

shelf depth, operate , maintain , and support SEA-

LAB equipment systems and underwater salvage

tools and equipment, and possess an extensive

knowledge of marine life, ocean science, and mixed-

gas scuba equipment. Master Divers, while as-

signed to the Saturation Program , shall retain their

NEC 5341 .

11-Requirements for Divers First Class

Α Designation
- Divers first class are trained ,

qualified , and designated at the Naval School , Div-

ing and Salvage , Washington , D. C. No man will be

placed in training for diver first class at any other

place without prior authority from the Chief of Naval

Personnel .

B Eligibility requirements- Personnel must meet

the following requirements to be eligible for the spec-

ial course of instruction for diver first class-

1. Be recommended by his commanding officer.

2. Have a minimum obligated service of 18

months upon entry into the special course for

diver first class.

3. Meet physical standards specified in article

15-30 , Manual of the Medical Department , as

required for diving duty.

4. Be a qualified swimmer first class .

Qualification factors-The qualification factors

are as follows-

C

1. Withstand pressure equal to 300 feet of wa-

ter while breathing air.

2. Dive and accomplish work using self-con-

tained underwater breathing apparatus

(scuba), shallow-water diving equipment,

deep-sea diving equipment, and helium-

oxygen diving equipment.

3. Dive and accomplish work at a depth of 200

feet ofwaterwhile breathing air.

4. Dive and accomplish work at a depth of 300

feet of water while breathing helium -oxygen

mixture .

5. Demonstrate proficiency in the use of all

underwater tools, both in the shop and under

actual diving conditions ; the operation and

maintenance of a submarine-rescue cham-

ber; and marlinespike seamanship commonly

used aboard salvage and rescue vessels .

6. Demonstrate knowledge of diving physics,

particularly showing proficiency in mixing

and analyzing synthetic breathing mixtures

and in computing pressures of gases re-

quired to operate underwater cutting torches

at various depths.

7. Demonstrate knowledge of diving physiol-

ogy; know the use of standard decompression

tables; recognize symptoms of decompres-

sion sickness; and know the treatment

required for all common diving accidents.

8. Demonstrate proficiency in the use of the

recompression chamber for treatment of div-

ing accidents and for surface-decompression

procedures.

9. Care for, test, repair, and adjust all diving

equipment and determine whether it is safe

for use.

10. Equip a boat for both self-contained and sur-

face-supplied diving .

11. Demonstrate ability to direct two or more

divers on the bottom in their tasks .

12. Know the advantages , limitations , and tech-

niques involved in the use of helium -oxygen,

surface-supplied air, and self-contained div-

ing apparatus.

13. Demonstrate ability to perform all required

rigging for salvage and rescue operations.

14. Demonstrate ability to perform and super-

vise independent diving operations using

surface-supplied air, helium-oxygen, and

self-contained apparatus.

15. Plan simple diving operations.

16. Understand safety precautions necessary in

handling of gases and use of apparatus re-

quired for underwater cutting .

17. Perform proficiently such underwater work as

taking measurements, making templates ,

making fittings and placing shores , pouring

cement, using excavating nozzles, and re-

moving and repairing ship's appendages.
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18. Maintain, rig , and operate salvage pumps ,

air compressors, winches , jacks , beach gear,

and high line assemblies .

19. Rig for lifts encountered in salvage opera-

tions up to a maximum of 300 tons , including

underwater lifts.

20. Install necessary pumps and air compres-

sors, and lay necessary beach gear for haul-

ing off stranded vessels . Understand in

general the salvaging of vessels , including

stability, structural strength , and groundings.

21. Enter submerged vessels with discrimina-

tion and only as decided and planned by the

supervising officer.

22. Demonstrate proficiency in the use of ex-

plosives underwater and have knowledge of

materials and methods used in such varied

salvage activities as harbor clearance , har-

bor-bottom alteration , rock and concrete

blasting, steel and timber cutting , and re-

moval of propellors for replacement.

12 Requirements for Medical Deep-Sea Diving

Technicians

A Designation - Medical deep-sea diving tech-

nicians are designated by the Bureau of Medicine.

and Surgery after satisfactory completion of the pre-

scribed course of instruction at the Naval School ,

Diving and Salvage , Washington , D. C.

B
Eligibility requirements- Personnel must meet

the following requirements to be eligible for the med-

ical deep-sea diving technician course of instruction-

1. Volunteer for and be recommended by his

commanding officer.

C

2. Meet basic eligibility requirements as set

forth in current BUMED directives.

Qualification factors- Medical deep-sea div-

ing technicians shall be required to meet the same

qualifications as divers first class except as modified

below-

1 Completely meet qualification factors 1 , 2 , 3,

4, 5, 9, and 10 above . Also demonstrate pro-

ficiency in the operation and maintenance of

the submarine-rescue chamber.

2. Demonstrate more extensive knowledge and

13

A

greater proficiency in qualification factors

6, 7, 8 , 12, and 16 above.

3. Be exempt from qualification factors 11 , 13 ,

14, 15, 17 , 18 , 19 , and 20.

4. Demonstrate knowledge of health and safety

aspects of the use of underwater tools , the

entering of submerged vessels , and use of

explosives under water.

Requirements for Salvage Divers

The classification -This diver classification is

being retained only as a category for expansion in

event of an increase in diver requirements on mobili-

zation; consequently, initial training of salvage divers

has been discontinued .

B
Eligibility requirements-Personnel must have

satisfactorily completed the prescribed course in ship.

salvage.

C Qualification factors-The qualification factors

are as follows—

1. Withstand pressure equal to 200 feet ofwater

while breathing air.

2 Demonstrate mechanical ability.

3 Dive and accomplish work using self-con-

tained underwater breathing apparatus

(scuba) , shallow-water diving equipment ,

and deep-sea diving equipment.

4. Demonstrate proficiency in the operation and

care of machinery and apparatus required

for underwater cutting, including oxygen-

hydrogen and oxygen-electric torches under

water.

5. Understand safety precautions necessary in

handling of gases and use of apparatus re-

quired for underwater cutting .

6. Perform proficiently such underwater work as

taking measurements ; making templates;

making , fitting , and placing patches ; placing

shores; pouring cement; using excavating

nozzles; and removing and repairing ship's

appendages.

7. Maintain , rig , and operate salvage pumps,

air compressors, winches , jacks , beach gear

and high line assemblies.
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8 Rig for lifts encountered in salvage opera-

tions up to a maximum of 300 tons , including

underwater lifts .

9. Install necessary pumps and air compres-

sors, and lay necessary beach gear for haul-

ing off stranded vessel . Understand in gen-

eral the salvaging of vessels , including

stability, structural strength , and groundings .

10. Enter submerged vessels with discrimination ,

and only as decided and planned by the su-

pervising officer.

11. Demonstrate proficiency in the use of ex-

plosives under water and have knowledge of

materials and methods used in such varied

salvage activities as harbor clearance , har-

bor-bottom alteration , rock and concrete

blasting , steel and timber cutting , and pro-

pellor removal and replacement .

12. Demonstrate knowledge of diving physics

and of diving physiology; know the use of

standard decompression tables; recognize

symptoms of decompression sickness; and

know the treatment required for all common

diving accidents.

13. Demonstrate proficiency in the use of the re-

compression chamber for treatment of diving

accidents and for surface decompression

procedures .

14. Care for, test, repair, and adjust all diving

equipment and determine whether it is safe

for use.

NOTE

Salvage divers will not dive beyond the

depths for which qualified , as stated in

their service record , except for qualifica-

tion purposes which will be limited to max-

imum depths of 200 feet. In emergencies ,

the senior officer shall be the judge of a

deviation from the above.

14- Requirements for Divers Second Class

Α Designation - Divers second class are trained ,

qualified , and designated by any command having

the proper equipment and competent personnel for

safe and efficient instruction so designated bythe

Chief of Naval Personnel .

The following personnel and equipment are required

on vessels and naval stations authorized to train , qual-

ify, and designate divers second class-

Adesignated diving officer.

A master diver or diver first class who will serve

as an instructor.

In general , the amount of equipment will depend

upon the number of personnel being trained and qual-

ified , but the minimum equipment shall include the

following-

B

-Twodeep-sea diving outfits .

-Two lightweight diving outfits .

-Three open-circuit demand self-contained un-

derwater breathing apparatus .

-One recompression chamber (shall be on

board ships authorized to conduct such train-

ing or, in the case of authorized activities , shall

be in the nearby area).

-Sufficient copies of the Diving Manual , NAV-

SHIPS 0994-001-9010, that there will be one for

each trainee.

-Copies of curriculum for divers second class ,

NAVPERS 93206.

Eligibility requirements-Enlisted personnel

in pay grade E-3 and above who are qualified as

swimmers first class, and meet the physical standards

for duty as set forth in Article 15-30, Manual of the

Medical Department , U. S. Navy , are eligible.

C Qualification factors- Qualification factors for

divers second class are as follows-

1. Understand the care , preservation , and use

of all air diving equipment such as compres-

sors, hose, helmets , suits, and scuba.

2. Test, repair, and adjust all air diving equip-

ment and determine whether it is safe for use.

3. Knowthe nomenclature ofdiving equipment

and the function of component parts .

4. Dress and tend diver expertly.

5. Know standard diving signals.

6. Knowthe instructions for keeping diving log

and entries required .
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7. Understand the theory and practice of de-

compression, and use of the decompression

table.

8. Know the cause, symptoms , treatment , and

prevention ofair embolism.

9. Know the dangers of oxygen poisoning dur-

ing the administration of oxygen under pres-

sure, and its usual symptoms , warnings, and

treatment.

10 Demonstrate the mouth-to-mouth method of

artificial respiration .

11 Knowledge of first aid related to the treat-

ment ofcommon diving accidents.

12. Knowthe physics of diving .

13. Knowthe methods and procedures employed

in searching for and recovering objects from

the bottom .

14. Know how and when to use a recompression

chamber. Know how to properly administer

oxygen for decompression and treatment

purposes.

15. Demonstrate practical application of marline-

spike seamanship to diving operations.

16. Perform work at depth of 50 feet of water for

1 hour, which will constitute a qualifying dive.

17. Know the contents and use of the Diving

Manual.

18. Estimate an underwater situation and give an

intelligent description of same . Training and

examination of this ability requires a number

of actual or simulated practical diving jobs,

such as applying small patches, clearing

screws, and taking measurements.

19. Use oxygen-electric torch underwater.

20. Use and know the advantages, limitations,

and safety precautions of open-circuit de-

mand scuba .

NOTE

Divers second class will not dive

beyond 150 feet . In emergencies , the

senior officer present shall be the judge

of a deviation from the above .

15

A

Requirements for Scuba Divers

Designation - Personnel are trained and des-

ignated as scuba divers at the U. S. Naval School,

Underwater Swimmers, U. S. Naval Station , Key West,

Fla ., and such other activities specifically authorized

by the Chief of Naval Personnel .

B
Training requirements-The following person-

nel are required to be on board ships and naval ac-

tivities authorized , in accordance with subparagraph

A above, to conduct training in the use of scuba

equipment-

C

1. A designated diving officer assisted by an

experienced scuba diver or above who will

serve as an instructor.

2. Sufficient copies ofthe Diving Manual , NAV-

SHIPS 0994-001-9010, so that there will be

one for each trainee .

3. Copies of curriculum for scuba divers,

NAVPERS 93206.

4. Recompression chamber (shall be on board

ships authorized to conduct such training or

in the case of authorized activities shall be in

the nearby area).

Eligibility requirements-Candidates must

meet the following qualifications-

D

1. Enlisted personnel in pay grade E-3 and

above, who are designated strikers or petty

officers in one of the source ratings specified

in the Bureau of Naval Personnel Formal

Schools Catalog , NAVPERS 91769 (current

series) .

2. All personnel must meet the physical and

psychological standards prescribed in Arti-

cle 15-30, Manual ofthe Medical Department ,

U.S. Navy; must be at least swimmers first

class; and must complywith selection stand-

ards for diving candidates.

Qualification factors- Qualification factors for

scuba divers are as follows-

1. Swim 1,000 yards on surface in open water

without fins but with face mask, lifejacket,

and knife as necessary equipment.

2. Swim 500 yards under water using fins , face

mask, and scuba.
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3. Clear scuba under water.

4. Ditch and don scuba under water.

5. Make a positive-buoyancy free ascent from

a depth of at least 35 feet.

6. Swim with scuba to a depth of 100 feet .

7. Conduct day and night general underwater

search and detailed ship-bottom search .

8. Use underwater compass, depth indicators ,

and associated underwater equipment.

9. Perform routine inspection , adjustment, field

and shop maintenance on scuba and under-

water accessories.

10. Know safety precautions to be observed in

use of scuba.

11. Understand the theory and practice of de-

compression, and use decompression tables.

12. Knowledge of divers ' diseases including

oxygen and carbon dioxide toxicity, nitro-

gen narcosis, decompression sickness, and

air embolism ; and of emergency remedial

procedures.

13. Know underwater hazards.

14. Understand use of current and tide tables.

NOTE

Scuba divers will not dive beyond the

depths for which qualified in their service

record. Normal working depths for scuba

divers breathing compressed air is con-

sidered to be less than 130 feet.

16-Records

All diving -type activities will submit diving log-

accident/injury reports in accordance with OPNAV-

INST 9940.2 series.

―
17 -Substantiation of Entitlement to Special Pay

for Diving Duty

A personnel diary entry of Military Pay Order (DD

Form 114) will be submitted in accordance with pro-

visions contained in the Navy Comptroller Manual . In

addition , in all instances wherein special pay for div-

ing is affected , a concurrent page 13 entry will be

made in the service record of the individual

concerned.
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APPENDIX F

SHIP REPAIR SAFETY CHECKLIST

DIVE SAFE

REPORT OF DIVING OPERATIONS

Prior to commencing diving operations and every 30 minutes thereafter , pass the following word over the

1MC. (OMIT COMPONENTS NOT APPLICABLE)

THERE ARE DIVERS WORKING OVER THE SIDE , DO NOT OPERATE ANY EQUIPMENT , ROTATE SCREWS, CYCLE RUDDER ,

PLANES OR TORPEDO TUBE SHUTTERS , TAKE SUCTION FROM OR DISCHARGE TO SEA, BLOW OR VENT ANY TANKS ,

ACTIVATE SONAR OR UNDERWATER ELECTRICAL EQUIPMENT, OPEN OR CLOSE ANY VALVES OR CYCLE TRASH DISPOSAL

UNIT BEFORE CHECKING WITH THE DIVING SUPERVISOR

(NAME, RATE)

Upon Completion Of Diving Operations , Pass The Following Word Over The 1MC

DIVING OPERATIONS ARE COMPLETED , NORMAL AND ROUTINE WORK MAY BE CARRIED ON IN ACCORDANCE WITH

PREVIOUS INSTRUCTIONS . "

START DIVING OPERATIONS

DIVING OPERATIONS WILL COMMENCE AT ON THE

TIME SHIP DATE

NATURE OF DIVING OPERATIONS

No particular sequence is required in signing diving form . Upon

completion of all notifications and actions the Diving Super-

visor will indicate he is satisfied that safe operations can com-

mence by signing at the bottom of the checkoff list . In event

there is a delay in the commencement of diving operations each

signature of the checkoff list will be informed .

Signing of this checkoff list will indicate that the individual has

been advised of the diving operation and that he has completed

required actions to insure that " SAFETY" of the divers will not

be jeopardized .

Diving operations will not commence until all signatures required are received and this form returned to

the Diving Supervisor.

Below , indicated personnel sign form prior to commencing and upon completion of diving operations .

PRIOR COMMENCE

Repair Activity

TIME COMPLETION TIME PRIOR COMMENCE TIME COMPLETION

Repair Officer

CDO

OOD

SQD . OPS . OFF .

Ships Alongside

OOD

OOD

OOD

OOD

Ship Being Worked On

ENG . OFFICER

OOD

Tag Out:

Rudder

Planes

Torpedo Shutters

Trash Disposal Unit

Tank Blows

Tank Vents

Shaft Locked

Sea Suctions

Sea Discharges

U/W Electrical

Equipment

Sonars

Other U/W Equipment

Not Listed

Appropriate Diving

Signal Displayed

Appropriate Diving

Signal Removed

DIVING SUPERVISOR ( Signature )

REMARKS:

DIVING OFFICER (Signature)

REMARKS:

TIME

SHIP REPAIR SAFETY CHECKLIST F-1 /(F-2 Blank)





APPENDIX H

GAGE CALIBRATION PROCEDURES

CALIBRATION OF GAGES

Serious difficulties in diving can arise from the use

of inaccurate gages. This is particularly true with

gages employed to determine depth pressure , as on

a recompression chamber or pneumofathometer. A

relatively small error could result in improperdecom-

pression of a diver.

All gages must be checked at least once every 12

months in accordance with NAVSHIPS Technical

Manual , chapter 9490 , unless a malfunction requires

repair or calibration more frequently.

When oxygen systems are being cleaned , gage lines

should be removed and cleaned separately , after first

cleaning the system with them attached . This is done.

to insure that the gage lines are thoroughly flushed.

All gages must be removed from the system prior to

the cleaning process to avoid dead ends in the sys-

tem, and damage to the gage due to the heated de-

tergent solution .

Calibration of Sea-Water Depth Gages-Depth

gage readings in feet of sea water are especially im-

portant in diving . Since almost all gage testers are

graduated in pounds per square inch , conversions

are needed . It is helpful to make up a conversion table

in appropriate increments , giving pounds per square

inch in one column and the corresponding depths in

another .

An appropriate number of points should be checked

depending on the scale of the gage and the incre-

ments available with the tester.

Example-

1. If the gage scale is in 1 - foot increments , check

10- psi increments of pressure to obtain read-

ings for 222, 45, 672, 90, etc., feet .

2. If the gage is marked off in 2-foot or 5-foot in-

crements, 20-psi steps of pressure (45 , 90 ,

135 feet, etc.) should be sufficient.

At each increment of pressure , the actual reading of

the gage being tested should be recorded , together

with the true depth that corresponds to the pressure .

In testing a gage, it is desirable to run more than one

test (or at least to note readings both with increasing

and decreasing steps of pressure ) to check the con-

sistency of errors . A gage that shows large or variable

errors, or one that sticks excessively , should be turned

over for repairs or surveyed .

An attempt may be made to adjust a gage according

to article 9490 of the NAVSHIPS Technical Manual.

If this is not done or is not wholly successful , a cali-

bration curve (graph) or table must be prepared to

indicate the relationship between true depths and

gage readings . If the deviations are within 5 feet of

true depth and vary less than 2 feet in a 50-foot change

of depth , 50-foot increments must be used in the cali-

bration table. If the deviations are greater than this,

10-foot increments must be used . ( In such a case, re-

adjustment, repair, or replacement of the gage is

actually preferable) .

TABLE H-1

DEPTH GAGE CALIBRATION

DEPTH GAGE #2

Calibrator, initials

True depth , f.s.w.

0

50

Calibration date

Gage reads, f.s.w.

0

100

49 Variation

199 any 50 foot

increment.250

301

98 less than

150 50 foot increments 148 2 feet in

200

250

300

350 352 Variation

360
362 greater

370 10 foot increments 3722 than 2

380
3822 feet in

390

400

393 50 foot

403 increment

The calibration table should be affixed to the inside

of the gage face glass . It should resemble the sample

in Table H-1 and should include this information-

-Identification of depth gage.

-True depths in feet.

-Corresponding actual gage readings .

-Name of ship or activity.

-Initials of individual responsible.

-Date of calibration .

GAGE CALIBRATION PROCEDURES
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In using a gage with such a table , some interpolation

is necessary. For example , the gage whose calibra-

tion table is shown in Table H- 1 could be expected to

read about 275½ for a true depth of 275 feet, or to in-

dicate a true depth of about 3232 when it reads 325

feet . For most purposes , such estimates are suffi-

ciently accurate . A calibration graph , with true depth

on one axis and actual reading on the other, would

permit more exact and more rapid corrections.

Roylyn Gages-3D Instruments manufactures two

basic types of gages for use on recompression cham-

bers . One is a caisson gage with two ports on the

back . The reference port, which is capped , is to be

sealed with ambient pressure or piped to the exterior

ofthe pressure chamber . The sensing port is to be left

open to interior pressure . The other gage is the

standard exterior gage . Both are direct drive instru-

ments employing a helical bourdon tube as the sens-

ing element . The gages are accurate to 1/4 of 1 % of

full scale pressure at all dial points . With no gears or

linkages the movement is uneffected by wear, and

accuracy and initial calibration remains permanent. A

comparative check in lieu of recalibration should be

made every six months . A dial adjustment screw on

the front face of the gage provides for zero point

adjustment and special set pressure . Dial readout can

be in psi and/or feet of seawater .
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APPENDIX I

DANGEROUS MARINE ANIMALS

MARINE ANIMALS THAT BITE I.I

SHARKS

White Shark

Distribution Widespread oceanic distribution ,

mostly in tropical , subtropical orwarm water tempera-

ture areas . Numerous in Australian waters .

Appearance -Slate brown , slate blue , dull grey, or

almost black above . Dirty white underneath . Small

black spots with black fin tips . Larger white sharks.

are sometimes dun-colored or leaden white.

Hazard-One of the most dangerous and has even

been known to attack boats . Aggressive and fast, with

a history of numerous attacks on humans.

Mako Shark

Distribution-Oceanic species found in tropical

waters or warmer waters of the Atlantic . Varieties of

species are found in the Pacific .

Appearance-Teeth are prominent. Slender form .

Color is deep blue grey, bright blue , or deep blue

above . White underneath . Up to 13 feet long.

Hazard- Savage and dangerous . Fast . History of

human attack , classified as a game fish , and has been

known to attack boats.

Porbeagle Shark

Distribution -Continental waters of the North Atlan-

tic , Mediterranean , N. W. Africa , North Sea , Northern

British Isles, Atlantic coast of U. S. and some Scandi-

navian regions.

Appearance-Teeth are prominent. Dark, bluish grey

above. Lower sides change to white . Anal fin is white.

ordusky . Dusk tips on pectoral fins . Up to 12 feet long .

Hazard- Active when in pursuit. Otherwise sluggish.

Tiger Shark

Distribution -Widespread in all tropical and warm

belts of all oceans . Inshore and offshore . Most com-

mon shark in tropics.

Appearance- Prominent teeth , short snout, sharply

pointed tail . Grey or greyish brown , darker above.

Striping usually only on smaller fish . Up to 15-20 feet

long.

Hazard -Mostly a scavenger. Fast in pursuit , usually

sluggish otherwise . Some human attacks .

Lemon Shark

Distribution-Often found in inland waters, saltwa-

ter creeks , bays and sounds. Commonly active near

docks. Inshore Western Atlantic, Carolinas, Northern

Brazil , tropical West Africa.

Appearance-Second dorsal fin that is almost as

large as the first . Broad , round snout . Prominent teeth .

Yellowish brown above , occasionally dark blue grey

above, sides and belly yellow. Up to 11 feet long.

Hazard - Unpredictable, with some history of human

attack.

Lake Nicaragua Shark

Distribution -Freshwater species confined to fresh

waters and shallow areas of Lake Nicaragua and

tributaries (also outlet).

Appearance- Dark grey above , light below. Up to 10

feet long.

Hazard-Some history of human attack; unpredictable.

Dusky Shark

Distribution -Often found in shallow waters in warm

temperature zones on both sides of the Atlantic .

Appearance- Back and upper sides are usually

leaden grey or bluish . Lower parts are white . Up to

14 feet long.

Hazard-Unpredictable . Fearless .

White-Tipped Shark

Distribution -Tropical and subtropical Atlantic and

Mediterranean . Also found along Iberian Peninsula.

Found in deep offshore waters.

Appearance- Short snout, rounded dorsal fin . Light

grey to pale brown to slate blue above . Whitish color

below. Some spotting , and in some species white

tips on fins. 13 feet or longer.

Hazard-Fearless in contact with man. Indifferent .

Record of human attack .
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Sand Shark

Distribution -Shore species living on or near the bot-

tom . Inhabits the Mediterranean , West Africa tropical

zones, Canaries and Cape Verdes in North Atlantic ,

South Africa , Western Atlantic from Maine to Florida.

Southern Brazil . Similar species in Pacific Indian

areas and Argentine waters.

Appearance- Five gill openings in front of fins. Two

fairly equally-sized dorsals . Teeth are prominent.

Bright color , grey brown above , dark along back. Pale

on sides, with grey white on belly and lower sides of

fins . Rear body often marked with spots . Up to 10 feet .

Hazard- Fairly sluggish but with an active appetite.

North American species are generally harmless , but

sharks in Indian Ocean and some tropical areas can

be dangerous.

Gray Nurse Shark

Distribution -Coastal waters as well as open sea

regions near Australia .

Appearance-Dull pale grey to dirty pale brown .

Large dorsal fin and prominent teeth . 9 feet or longer.

Hazard-Aggressive and savage . Extensive record

ofhuman attack.

Ganges River Shark

Distribution-Indian Ocean to Japan, often pene-

trating into fresh-water rivers.

Appearance - Grey above , dull white below. Up to 7

feet long.

Hazard- Ferocious with large record of human attack.

Hammerhead Shark

Distribution -Both in offshore and inshore waters .

Often seen swimming on surface . Found in varying

species in all tropical and warm zones of all oceans

and seas.

Appearance Obvious hammer head shape . Eyes

on outer edges . Ashen grey above fading to white

below. Up to 15 feet long.

Hazard-Powerful , known to attack man.

PREVENTION-

1. Making noise , blowing bubbles , etc. are of ques-

tionable value . Some noise attracts sharks .

2. Slow, purposeful movements should be used .

Often , remaining absolutely still is best.

3. Often sharks can be " shoved" away with a large

stick or "shark billy."

4. Attempts to kill or wound a shark are usually more

dangerous than effective.

5. In striking a shark, concentrate on snout, eyes or

gills.

6. Dark colored clothing and instruments are

preferable .

7. Explosions , flashing lights , noise , or thrashing

all can attract sharks .

8. Do not swim with open wounds. Do not dangle

legs or arms in water. Enter and leave boats

quickly.

9. Do not throw food , waste , or any food refuse over-

board if sharks are suspected to be in the area.

10. The use of firearms by "swim-sentries" should be

with extreme caution . Automatic weapons or hand

guns should never be employed .

11. Avoid situations of an isolated swimmer. Groups

of divers are in a better position to ward off attack.

TREATMENT-

1. Bites from sharks are severe , with an extremely

high rate of fatality ( 50-80%). Abrasions can result

from contact or brushing up against a shark.

2. Bites result in large amount of bleeding and tissue

loss. Immediate action should be taken to control

bleeding using large gauze pressure bandages.

Wounds should be filled with gauze and material

held in place by elastic bandages.

3. Treat for shock immediately after (or while) bleed-

ing is being managed .

4. Hospitalization and transfusions are required in

virtually all cases .

5. Wounds should be cleaned as soon as possible ,

and advanced surgical procedures , such as pri-

mary closure and skin-grafting accomplished

within as rapid a time as possible .
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OTHER FISH

Barracuda

Distribution -West Indies, tropical waters, Brazil ,

north to Florida, and in the Indo-Pacific from the Red

Sea to the Hawaiian Islands.

Appearance-Long , thin fish with prominent jaws and

teeth . Silver to blue in color . Large head . V-tail . Small

to large size which can be from 6 to 8 feet long .

Hazards - 20 odd species that vary in their danger.

In some regions these fish are more dangerous than

sharks . Exceedingly fast swimmers, striking rapidly

and fiercely at anything that enters the water. Will fol-

low swimmers but will seldom attack an underwater

swimmer. Known to attack surface swimmers and

limbs dangling in the water.

PREVENTION AND TREATMENT-

1. Barracuda wounds can be differentiated from

those of a shark by their tooth pattern . Barracuda

leave straight cuts , while those of a shark are

curved like the shape of their jaws.

2. Barracuda are attracted by any bright object , and

will also strike a speared fish carried by a diver.

Splashing or any flurry of activity can also stimu-

late a Barracuda to attack .

3. Treatment is the same as for shark bites.

Moray Eels

Distribution -Confined to tropical and subtropical

waters . Some temperate zone species are known.

Bottom dwellers . Commonly found in holes , crevices ,

under rocks or coral .

Appearance-Snake-like in appearance and swim-

ming. Tough leathery skin . Can attain a length of 10

feet . Teeth are prominent.

Hazard - Extremely hazardous . Will attack readily

and easily provoked . Powerful and vicious biters .

PREVENTION AND TREATMENT-

1. Bites from Moray Eels are of the tearing jagged

type.

2. Extreme care should be used when diving in

rocky areas , entering caves or reaching into blind

holes.

3. Treatment is the same as for shark bites .

MAMMALS

Sea Lions

Distribution -Numerous on West Coast of United

States and similar locales . Predominant in Pacific

Ocean.

Appearance-Resemble seals but are larger.

Hazard- Normally harmless . However during the

breeding season , large bull sea lion can be irritated

and will nip at divers . Divers should generally avoid

these mammals when in the water.

Killer Whales

Distribution-Found in all oceans , tropical and polar.

Appearance- Large mammal , with a blunt , rounded

snout . High black dorsal fin . Usually , a white patch

can be seen behind and above the eye . Sharp con-

trast between jetblack head and back, and snowy

white undersides. Usually observed in packs of from

3-40 whales.

Hazard- Killer whales are extremely ferocious. They

have powerful jaws , great weight, speed , and inter-

locking teeth . They will attack anything in the water

without hesitation .

PREVENTION AND TREATMENT-

If killer whales are spotted all personnel should im-

mediately leave the water. In addition , extreme care

should be taken on shore areas , docks, barges, ice

floats , etc. when the whales are in proximity.

MARINE ANIMALS THAT STING 1.2

VENOMOUS FISH

Local- Found throughout the world , most common in

tropical waters.

Appearance-Varies, but most tend to be ugly.

Hazard- Venom of varying effects , usually carried in

spines.

Catfish

Distribution - Usually fresh water, found worldwide.

Appearance- Varies, but lips usually equipped with

long barbels; skin is thick , no scales.

Hazard-Venom in spines in dorsal and pectoral fins .

MARINE ANIMALS
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Weever Fish

Distribution-Temperate zone , Europe to North Africa.

Appearance- Small fishes (to 18") , usually seen

buried in the mud with only the head exposed.

Hazard- Spine on cheek, used as a weapon in hunt-

ing for food . Aggressive.

Scorpionfish (including Zebrafish and Stonefish)

Distribution -Widely distributed in temperate and

tropical seas ; some in artic waters . Shallow water,

bottom dwellers.

Appearance-Gaudy, ugly, ornate.

Hazard-Stings in fins ; fearless ; some venom is

deadly.

Toadfish

Distribution-Warmer coastal waters, worldwide.

Appearance- Broad , depressed heads, large mouths ,

repulsive looking .

Hazard-Dorsal and gill cover venomous spines; fish

often camouflaged .

Surgeonfish

Distribution - Along reefs in warm seas.

Appearance- Short and vertical ; full dorsal and anal

fins .

Hazard-Sharp spine at base of tail fin.

Rabbitfish

Distribution - Indo-Pacific .

Appearance- Similar to surgeonfish .

Hazard- Spine in dorsal , pelvic and anal fins

(total 24).

Ratfish

Distribution -One type in European waters ; one type

along Pacific Coast of North America.

Appearance-Rounded snout; laterally compressed

body tapering to a slender tail .

Hazard-Single large venom spine at first dorsal fin .

PREVENTION AND TREATMENT-

1. Avoid handling fish .

2. Get victim out of water ; watch for possibility of

fainting .

3. Observe for signs of shock.

4. With large sting , wash wound with salt water (cold)

or sterile saline .

5. Try to remove venom by sucking ; make small in-

cision to open wound if necessary.

6. A tourniquet may be of help to prevent spread of

the venom ; if used , it should be placed between

the wound and the heart, as near the wound as

possible. It must be released frequently to avoid

cutting off circulation .

7. Soakwound in hot water for 30-60 minutes.

8. Heat from the water may break down the venom—

have the water as hot as the victim can tolerate.

Use hot compresses if wound is on the face.

9. Addition of magnesium sulfate or Epsom salts to

watermay help.

10. Local injection of 0.5 to 2% Procain may help; if

this fails, intramuscular or intravenous demerol

may help .

11. When pain has subsided , cover wound and ele-

vate if possible . Get medical assistance.

Stingrays

Distribution -Common in all tropical , subtropical ,

warm and temperate regions in varying species.

Usually favor sheltered water, burrow into sand with

only eyes and tail exposed.

Appearance- Bat-like shape with a long spine or tail .

Hazard-Wounds are either of the laceration or punc-

ture type . Symptoms can include a fall in blood pres-

sure, vomiting, diarrhea, sweating , rapid heart beat ,

muscular paralysis, extreme pain , and death has

occasionally been reported .

PREVENTION AND TREATMENT-

No known antidote , see fish sting for general treatment .
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Horned orSpiny Sharks (Dogfish)

Distribution- Both sides of the North Atlantic and

North Pacific Oceans . Prefer shallow protected bays

for habitat.

Appearance-Appearance is much like a rather small

shark . Single spine is located in front of each dorsal

fin .

Hazard-Immediate and intense stabbing pain . Have

been known to be fatal .

PREVENTION AND TREATMENT-

Treat as any other fish sting.

OTHER ANIMALS

Corals (various)

Distribution-Tropical and subtropical waters.

Appearance-Porous , rock-like formation.

Hazard- Extremely sharp . The most delicate appear-

ing corals are often the most dangerous , having razor

sharp edges. Coral cuts , while usually fairly super-

ficial, are very long in healing . Can cause a temporary

disability. Some varieties of coral can actually “ sting "

a diver much like a jelly fish . Whether a cut or sting ,

the smallest wound , if left untreated , can develop into

an ulcer coupled with an extensive sensitive red area.

PREVENTION AND TREATMENT-

1. Promptly cleanse the wound .

2. Remove all foreign particles.

3. Apply antiseptic agents .

4. Bed rest, elevation of the affected limb , and/or

further medication is often required.

5. Extreme care should be used in working around

coral. Often coral is located in a reef formation

which is subjected to heavy surface water action ,

and both surface and bottom current . Surge also

develops in reef areas . For this reason , it is easy

for the unprepared diver to be swept or tumbled

across coral with serious consequences .

6. Coral should not be handled with bare hands.

Completely soled swim fins should also be used .

Jellyfish (including Portuguese Man-Of-War and

SeaWasp)

Distribution-Widespread species vary according to

oceanic region . Hazardous types include : Sea Wasp ,

Sea Nettle , Sea Blubber, Sea Anemone , Rosy Anem-

one and Portuguese Man-Of-War

Appearance- Blue , green or transparent in appear-

ance. Balloon-like floatswith tentacles dangling down

into the water. The Sea Wasp and Portuguese Man-of-

Wararethe most dangerous types .

Hazard - Hazardous jellyfish can come into direct

contact with a diver in virtually any ocean region.

When this happens , the man is exposed to literally

thousands of minute stinging organs in the tentacles.

PREVENTION AND TREATMENT-

Jellyfish stings usually result in painful local skin

irritations . However, ulceration of the skin can be

severe. The Sea Wasp's sting can produce death in

from 3-8 minutes . Symptoms can range from itching to

blistering , to abdominal pain , to convulsions. Diluted

ammonia and alcohol should be applied as soon as

possible, and further medical attention sought.

Octopus

Distribution-Widespread in tropical and temperate

zones. Species vary as to region . Grouping includes,

nautilus, cuttlefish and squid .

Appearance - Large sac surrounded by eight or ten

tentacles. Head sac is large with well-developed

eyes. Horny jaws on mouth . Movement is made by jet

action produced by expelling water from the mantle

cavity through the siphon .

Hazard -Octopus hide in caves and crevices. They

possess a well-developed venom apparatus, and

sting by biting .

PREVENTION AND TREATMENT-

Octopus bites consist of two small punctures . Burn-

ing or tingling sensation results, and will soon spread.

Bleeding is often severe . Clotting ability of the blood

is often retarded . Swelling , redness and heat .

General treatment for controlling bleeding . No spe-

cific treatment.
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Cone Shells

Distribution -Widespread in all regions with varying

species. Usually found under rocks , coral , or crawling

along sand .

Appearance-Usually a single shell or lack of shell .

Body is usually symmetrical in a spiral coiled shell .

Shells are usually colorful . Usually a distinct head ,

one to two pairs of tentacles, two eyes, and a large

flattened foot.

Hazard-Highly developed venom apparatus . Have

caused some deaths. Paralysis or coma may insue,

and death is by cardiac arrest.

PREVENTION AND TREATMENT-

1. Numbness and tingling usually begin at the wound

site (a puncture) .

2. Symptoms spread rapidly , soon involving the en-

tire body, but pronounced near the lips and mouth .

3. There is no specific treatment, and cone shell

poisoning should be dealt with similarly to fish.

bites and stings.

Annelids (bloodworm , bristleworm)

Distribution-Varied species according to region.

Warm , tropical or moderate zones . Usually found un-

der rocks or coral.

Appearance-Long segmented body . Some species

have jaws .

Hazard- Bites and stings . Venom causes swollen

area and some pain .

PREVENTION AND TREATMENT-

See venomous fishes.

Sea Urchins

Distribution -Widespread in varying species.

Appearance- Radial shape with long spines.

Hazard-Penetration of the sea urchin spine can

cause immediate debilitating affects ; lead to numb-

ness and partial paralysis .

PREVENTION AND TREATMENT-

The sting can produce faintness , pain , loss ofspeech,

respiratory disability and in severe cases death.

Generally, these stings should be treated in much

the samewayas any venomous sting (see fish stings) .

However, particular care should be taken in removing

the spine from the wound . This should be done im-

mediately since the spine can continue to inject

venom . The spines are particularly brittle , and can

break offduring removal .

Sea Snakes

Distribution- Mostly Indo-Pacific area, warm , shel-

tered waters; have been observed 150 miles from

land .

Hazard-Some species have highly toxic venom ;

snakes swim forward or backward with ease , can re-

main submerged for several hours. Disposition ;

unknown.

Appearance-True snakes , usual length 3-4 feet but

may reach 9 feet. Flat, paddle-shaped tail . Markings:

various, generally banded .

PREVENTION AND TREATMENT-

1. Symptoms develop gradually, usually taking about

an hour. No pain at the bite . May show euphoria or

general aching and anxiety. Thickness of tongue

and muscle stiffness develop, leading to paralysis.

2. Keep victim still . Apply tourniquet to thigh or upper

arm , if indicated .

3. Getthe victim to a hospital but don't make him walk.

4. Try to capture the snake for positive identification .

It may be a harmless variety.

5. Do not use normal snake bite procedure of in-

cision/suction of venom .

6. Administer anti-venom therapy as soon as possible.

7. Keep victim under observation for at least 24 hours.
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APPENDIX J

GENERAL SAFETY CHECKLIST

STEPS IN PLANNING OF DIVING OPERATIONS

A. ANALYZE THE MISSION FOR SAFETY

Advanced planning is the greatest single safety precaution that can be taken .

Objective definition

Environmental conditions

Emergency assistance

Relevant NWP and OPNAV instructions

B. PIN-POINT POTENTIAL HAZARDS

Natural Hazards

1. Atmospheric :

Extreme exposure of personnel to elements.

Adverse exposure of equipment and supplies to elements.

Delays or disruption caused by weather.

2. Surface :

Sea sickness

Water entry and exit

Handling of heavy equipment in rough seas.

Maintaining location in tides and currents

Ice, flotsam , kelp , petroleum disrupting operations

Delays or disruption caused by sea state

3. Underwater and Bottom :

Depth exceeds diving limits or limits of available equipment

Exposure to cold temperatures

Dangerous marine life

Tides and currents

Limited visibility

Bottom obstructions

Dangerous bottom conditions (mud , drop-offs , sewer outfalls , etc. )

"On-Site" Hazards

Local marine traffic

High powered , active sonar

Other conflicting naval operations

Other conflicting commercial operations

Radiation contamination

Pollution

Mission Hazards

Decompression sickness

Communications problems

Drowning

Other trauma (injuries)

Hostile action

Object Hazards

Entrapment

Entanglement

Pollution , toxic

Explosives or other ordnance

Shifting or "working " of object
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C. MINIMIZE HAZARDS AND PLAN FOR EMERGENCIES

Diving Personnel

1. Assign a complete and properly qualified Diving Team .

2. Assign the right man to the right task.

3. Verify that each member of the Diving Team is properly trained and qualified for the

equipment and depths involved .

4. Determine that each man is physically fit to dive, paying attention to :

General condition

Last record of medical exam

Ears and sinuses

Severe cold or flu

Use of stimulants or intoxicants

Fatigue

5. Determine each man's emotional fitness to dive (as far as possible) :

Motivation (willingness)

Stability

Diving Equipment

1. Verify that the type of diving gear chosen (and diving technique) is adequate for the

mission and particular task.

2. Verify that the type of equipment and diving technique is proper for the depth involved

(see page 4-20).

3. Verify that all equipment has been tested and approved for U. S. Navy use.

4. Determine that all necessary support equipment and tools are readily available, and

are the best for accomplishing the job efficiently and safely.

5. Determine that all related support equipment such as winches, boats, cranes, floats,

etc. are operable , safe , and under the control of trained personnel .

6. Check that all diving equipment has been properly maintained with appropriate rec-

ords, and is in full operating condition .

Provide for Emergency Equipment

1. Obtain suitable communications equipment with sufficient capability to reach " outside

help" . Check all communications for proper functioning .

2. Verify that a recompression chamber is ready for use , or notify the nearest command

having one that its use may be required within a given time frame.

3. Verify that a First Aid kit is near at hand , and is completely stocked .

4. If oxygen will be used as standby first aid , verify that the tank is full , properly pressur-

ized , and that all masks , valves and other accessories are fully operable.

5. If a resuscitator will be used , check the apparatus for function .

6. Check that all fire-fighting equipment is readily available and in full operating condition .

7. Verify that Emergency transportation is either standing by, or on immediate call .

Establish Emergency Procedures

1. Know howto obtain medical assistance immediately.

2. Assign specific tasks to the Diving Team and support personnel for different

emergencies.

3. Develop and Post the Emergency Assistance Checklist, and ensure that all personnel

are familiar with it .

4. Verify that a copy of the U. S. Navy Decompression Tables is available and up-to-date.
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5. Be sure that all divers , boat crews, and other support personnel understand all diver

hand signals.

6. Pre-determine distress signals and call-signs with all members of the diving team ,

boat crews, and other activities .

7. Be sure that all divers have removed anything from their mouths which might choke

them during a dive (gum , dentures , tobacco).

8. Thoroughly drill and train all personnel in Emergency Procedures, with particular at-

tention to cross-training . Drills should include :

Emergency Recompression

Fire

Rapid Dressing

Rapid Undressing

First aid

Embolism

Restoration of Breathing Drowning

Electric Shock Blow-Up

Entrapment

D. ESTABLISH SAFE DIVING OPERATIONAL PROCEDURES

1. Determine that all other means of accomplishing the mission have been considered be-

fore deciding to use divers.

2. Be sure that contingency planning has been conducted .

3. Carefully state the goals of each mission , and develop a flexible plan of operations.

4. Completely brief the Diving Team and support personnel .

5. Designate a properly qualified Diving Supervisor to be in charge of the mission .

6. Designate a timekeeper and verify that he understands his duties and responsibilities.

7. Determine the exact depth at the job-site through the use of a lead line or pneumo-

fathometer.

8. Verify the existence of an adequate supply of compressed air available for all planned

diving operations plus an adequate reserve for emergencies.

9. Be sure that no operations or action on the part of the Diving Team , support person-

nel, boat crews, technicians , winch operators, etc. may take place without the knowl-

edge and by the direct command of the Diving Supervisor.

10. All efforts must be made through proper planning , briefing , training , organization , and

other preparations to reduce and minimize "bottom-time. " Remember in all cases,

water depth and the condition of the diver (especially fatigue) rather than the amount

ofworkto be done shall govern the diver's bottom time.

11. Decompression tables should be on hand , be up-to-date, and be used in all plan-

ning and scheduling of diving operations.

12. Instruct all divers and support personnel not to cut any lines until that action is ap-

proved by the Diving Supervisor.

13. Be sure that the ship , boat, or diving craft is securely moored and in position to permit

the safest and most efficient operations (except in the case of emergency and critical

ship repairs).

14. Verify that, when using surface-supplied techniques, that the ship , boat , or diving craft

is in at least a two - point moor.

15. Ensure that , when conducting SCUBA operations, the boat can be quickly cast off and

moved to a diver in distress.

16. Ensure that each diver checks his own equipment in addition to checks made by tend-

ers, technicians, or other support personnel .

GENERAL SAFETY CHECKLIST
J-3



17. Designate a standby diver for all surface-supplied operations. And , check that the

standby diver is dressed (including breastplate) and ready to enter the water if needed.

18. Assign buddy divers for all SCUBA operations.

19. All efforts should be made to prevent the divers from being fouled on the bottom . If

work is to be conducted inside a wreck or similar underwater structure , designate a

team of divers to accomplish the task . One diver will enter the wreck, the other shall

tend his lines from the point of entry.

20. When using explosives, take appropriate measures to ensure that no charge will be

fired while divers are in the water.

21. Use appropriate safety procedures as outlined in relevant naval publications for all un-

derwater cutting and welding operations . (See Appendix G for listing of NAVSHIPS

publications . )

22. Brief all divers and deck personnel on the planned decompression schedules for each

particular dive . Check provisions made for decompressing the diver.

23. Verify that the ship , boat or diving craft is displaying the proper signals , flags, day-

shapes, or lights to indicate diving operations are in progress . (Consult appropriate

publications governing International or Inland Rules, International/Inland local signals ,

and proper Navy communications instructions . )

24. Ensure that proper protection against harmful marine life has been provided . If marks-

men are used to protect against shark, verify that they do not have automatic weapons.

25. Check that the quality of diver's air supply is periodically and thoroughly tested to en-

sure purity.

26. For dives conducted from a small boat to a depth of 120 feet or greater, a standby air

supply is mandatory.

27. Ensure that, when diving from a small boat to depths of 120 feet or greater , a standby

boat is available at the scene.

28. Thoroughly brief the boat crew using the Diving Boat Operations Checklist .

29. Verify that proper safety and operational equipment is aboard small diving boats or

craft (see Boat Equipment Checklist).

Notify Proper Parties that DiveOps Are Ready to Commence

1. Diving Officer

2. Commanding Officer

3. Area Commander

4. Officer of the Deck/Day

5. Commanding Officer of Ships Alongside

6. Bridge, to ensure that ship's personnel will not:

Turn the propeller or thrusters

Get underway

Activate active sonar or other electronics

Drop heavy items overboard

Shift the moor

Operate rudder or steering mechanisms

7. Submarine Duty Officer , to ensure that submarine personnel will not:

Activate sea discharges or suctions

Operate bow or stern -planes or rudder

Operate vents or torpedo shutters
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Operate active sonar or other electronics

Turn propellers

8. Other Interested Parties

Harbor Master

Command Duty Officers

Officers in Tactical Command

Cognizant Navy organizations

U. S. Coast Guard (if broadcast warning to civilians is required)

9. Notify Emergency Facilities having recompression chambers, as well as sources of

Emergency Transportation that Diving Operations are underway and their assistance

may be needed .

GENERAL SAFETY CHECKLIST
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APPENDIX K

SURFACE-SUPPLIED DIVING OPERATIONS

PRE-DIVE CHECKLIST

PRE-DIVE CHECKLIST

A. Basic Preparation

1. Check that, for dives over 170 feet ,

a recompression chamber and diving

medical officer are present on the

diving station.

2. Verify that the proper signals indicat-

ing underwater operations are being

conducted are properly displayed .

3. Make sure that all personnel con-

cerned or in the vicinity have been

informed that diving operations are

underway.

4. Determine that all valves, switches ,

controls and equipment components

that influence the diving operation

are properly " tagged -out" to prevent

inadvertent shut-down or activation .

B. Equipment Preparation

1. Assemble all members of the diving

team as well as support personnel

(winch operators , boat crew, watch-

standers , etc.).

2. Assemble and lay out all equipment

that may be used on the dive , either as

primary equipment or standby spares

for the diver (or standby diver). This

should include all accessory equip-

ment and tools.

3. Check all equipment for superficial

wear, tears, dents, distortion or any

other apparent discrepancies.

4. Check all masks, helmets, viewing

ports , faceplates, seals , and visors for

broken glass or plastic .

5. Check all belts, laces, and lanyards

forwear and renew as needed .

C. Deep-Sea Outfit (MK 5 )

0
1. Check the rubber gasket on all hel-

met faceplates for wear.

2. Check the interior of the helmet to

insure that all controls and compo-

0

nents are dry and free of verdigris.

Pay special attention to terminals for

the diver's communication system .

3. Check the threads on the goose-

necks on the back of the helmets for

breakage , verdigris or wear.

4. Check the safety locking device on

the helmet for freedom of action ,

and verify that the locking gate on

the breastplate recess has a brass

cotter pin .

5. Check that all studs on the breast-

plate are free of distortion ordamage

to threads.

6. Verify that each helmet and breast-

plate combination has four copper

washers and twelve wing nuts. (4

wing nuts should be flanged) .

7. Check serial numbers on the breast-

plate straps to insure that the proper ■

brales are matched to a corresponding

breastplate .

8. Check the operation of the air non-

return valve (smoke test) .

9. Check the packing on the air control

valve. Verify presence of the cotter

key.

10. Check the freedom of movement of

the spitcock and verify that the nut is

loose but not coming off.

11. Check the freedom of movement of

both the handwheel and chin - button

on the air exhaust valve.

12. Check the diving dress for wear or

tears. Pay particular attention to the

rubber collar gasket , bib , and cuffs.

13. Check leather, weights , and grom-

mets on the weighted belt for wear

or tearing . Pay particular attention

to the jockstrap .

14. Check that helmet cushion or suit-

able padding is available for place-

ment on diver's shoulders before

breastplate is attached.

SURFACE-SUPPLIED AIR DIVING OPERATIONS
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Paragraph D

Deleted by Change 1.

E. Lightweight Diving Outift (Diver's Mask USN

Mk 1)

1. Check wet suit for tears or excessive

wear.

2. Check faceplate and seal on the Mk I

mask.

3. Check that face seal and oral- nasal

mask are properly attached to the

main mask body.

4. Check that all metal components are

properly secured to the fiberglass

body.

5. Inspect the mask for loose mounting

bolts or excessive dents or damage.

6. Check that the nose clearing device

slides in and out easily.

7. Check mask straps forwear. Gage the

"bail-out" bottle.

8. Check flippers , weight belt and

other accessoryequipment according

to SCUBA equipment checklists in

Chapter Five.

9. Ensure nose pad is properly secured .

F. General Equipment

1. Check that all needed accessory

equipment, tools, lights , special sys-

tems, spares , etc. are on scene and in

working order. In testing lights, all

tests should be conducted with lights

submerged in water and extinguished

before the removal to prevent over-

heating and failure .

2. Erect the diving stage or attach the

diving ladder. In the case ofthe stage,

be careful to insure that the shackle

connecting the stage line is securely

fastened with the shackle pin seized

with the wire to prevent opening. Se-

cure the air-hose bulwark roller in

place.

G. Preparing the Air Supply

1. Check that a primary and suitable

back-up supply is available with a ca-

pacity in terms of purity, volume, and

supply pressure to completely serv-

ice all divers and accessory equip-

ment throughout all phases of the

planned operation .

2. Determine that proper personnel are

available to operate and stand watch

on the air supply.

3. Compressors-

a. Determine that sufficient fuel ,

coolant, lubricants , and anti-

freeze are available to service

all components throughout

the operation . All compres-

sors should be fully fueled,

lubricated and serviced (with

all spillage cleaned up com-

pletely) .

b. Verify that the appropriate op-

erating and service manuals

are on hand.

c. Check maintenance and re-

pair logs to insure the suita-

bility of the compressor (both

primary or back-up) to sup-

port the operation .

d. Verify that all compressor

controls are properly marked

and any remote valving is

tagged-off with "Diver's Air

Supply-Do Not Touch " signs.

e. Make sure that the compres-

sor is secure in the diving

craft and will not be subject

to operating angles that will

exceed 15 degrees.

f. Verify that the oil in the com-

pressor is of a type that is
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properfor the particular com-

pressor and is not petroleum-

based . Check that the com-

pressor oil does not overflow

the "Fill " mark or contamina-

tion of the air supply could

result from fumes or oil mist .

g. Check that the compressor

exhaust is vented away from

work areas and , specifically,

does not foul the compressor

intake.

h. Check that the compressor

intake is obtaining a free and

pure suction without contam-

ination . Use pipe to lead

intake to free suction if nec-

essary.

i . Check that compressors are

not covered during operation .

j. Check all filters, cleaners, and

oil separators for cleanliness.

Ok. Bleed off all condensed

moisture from filters and the

bottom ofvolume tanks (accu-

mulators) . All manifold drain

plugs should be checked .

I. Check that all petcocks are

closed .

Check that all belt-guards

are properly in place on drive

units.

n. Check all pressure - release

valves , check valves, and au-

tomatic unloaders . Make sure

that the wing nut on the un-

loader is in the compressing

position .

o. Verify that all supply hoses

running to and from the com-

pressor have proper leads, do

not pass near high-heat areas

such as steam lines, are free

of kinks and bends, and are

not exposed on deck in such

a waythat they could be rolled

over, damaged , or even sev-

ered by machinery or other

activities .

H. Activate the Air Supply

1. Compressors-

a. Make sure that all run -up and

warm-up procedures are

completely followed.

☐ b. Check all petcocks , filler

valves , filler caps, overflow

points, bleed valves , and drain-

plugs for leakage or malfunc-

tion of any kind .

c. Soap-test all valves and con-

nections .

d. Verify that there is a pressure

gage on the air receiver and

that it is functioning properly,

and that the compressor is

meeting its delivery require-

ments.

e . Check that the air supply is not

being delivered below purity

standards (smell , taste) , or in

excess of95°F.

f. In all cases where compressors

are used as a back-up , either

to a shipboard system , cylin-

der bank, or another compres-

sor-the back-up compressor

will be kept running through-

out the diving operation .

2. Cylinders-

a. Gage all cylinders for proper

safety.

b. Verify the availability and suit-

ability ofthe reserve cylinders .

c .

d.

Check all manifolding and

valving for operation .

Activate and check delivery.

3. For all supply systems , double check

"Do NotTouch" tags .
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I. Air Hoses

1 . Check that all hoses have a clear

lead and are not subject to heating or

damage.

2. Check that no hose length used ex-

ceeds five years in age from the date

of manufacture (age is marked on

each length 4" from the end) . Air hose

used on ASR (Auxiliary Submarine

Rescue) vessels may not exceed 3

years of age in any length.

3. If possible, make sure that the hose

(or any length) has not been used in

burst test program . No length in-

volved in such a program may be part

of an operational hose.

4. Check that hoses are free of moisture ,

packing material , or chalk .

5. Soap test hose connections after they

have been hooked up to the air supply

and pressurized .

6. Check that the newest (or best) hose

length is the section nearest the

surface, since that is the region in

which the hose will be subjected to

the greatest pressure change.

7. Check that all tie -offs , and the canvas

chaffing over the first length of hose

are in proper condition .

8. If possible , check gaskets at hose-

length connections.

J. Test of Equipment with Activated Air Supply

1. Hook-up all air hoses to helmets ,

masks, chambers , and make connec-

tions between back- up supply and

primary supply manifold .

2. Verifyflow to helmets and masks.

3. Check all exhaust and air control

valves.

4. Hook up and test all communications.

5. Check air flow from both primary and

back-up supplies to chamber.

6. Detach all hoses except that leading

to chamber. Make sure chambersup-

ply is completely shut off and no air is

leaking to chamber, depleting the air

supply.

K. Recompression Chamber Checkout (Pre-

dive only)

1. Check that the chamber is completely

free and clear of all combustible

materials. This includes paint cans,

refuse , matches, lighters , etc.

2. Check primary and back-up air sup-

ply to chamber as well as all pressure

gages.

3. Check that the chamber is free of all

odors or other contaminants.

4. Check the chamber oxygen supply .

and that suitable numbers of oxygen

masks are rigged for at least two

divers , one tender, and one medical

assistant.

5. Verify the presence of a sanitary

bucket in the chamber in case of

sickness.

6. Verify that the medical kit is completely

outfitted and in close proximity to the

chamber.

7 .

8.

Check all doors and seals.

Verify that all chamber electrical fit-

tings are fitted with armoured cable

and special lighting fixtures and

bulbs. All switches should be on the

outside of the chamber.

L. Final Preparations

1. Verify that all necessary records ,

logs, and timesheets are on the diving

station .

Check that appropriate decompres-

sion tables are readily at hand.

3. Verify that all air supply systems

have a volume tank or accumulator

installed in the air supply line between

the supply source and the diver's hose

connection. An oil separator must be

installed between the volume tank and

the air source.

4. Place the dressing bench in position ,

make sure that the diver will not have

a long wayto travel to reach the diving

ladder or stage .
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APPENDIX L

PRESSURE TEST FOR USN RECOMPRESSION

CHAMBERS

A pressure test must be conducted on every USN

recompression chamber-

1. When initially installed .

2. When moved and re- installed.

3. At five-year intervals at a given location .

The test is to be conducted as follows-

1. Pressurize the innermost lock to 100 feet (45

psig) . Using soapy water or an equivalent , leak-

test all shell penetration fittings , viewports , dog

seals , door dogs (where applicable) , valve con-

nections , pipe joints and shell weldments .

2. Mark all leaks . Depressurize the lock and adjust ,

repair or replace components as necessary to

eliminate leaks.

a Viewport Leaks- Remove the viewport gas-

ket (replace if necessary) , wipe clean .

CAUTION

Acrylic viewports should not be lubri-

cated or come in contact with any

lubricant . When reinstalling viewport , take

up retaining ring bolts until the gasket

just compresses evenly about the view-

port . Do not overcompress the gasket.

b Weldment Leaks-Contact appropriate Sys-

tem Certification Authority for advice on cor-

rective action .

3. Repeat steps 1 and 2 until all the leaks have been

eliminated .

4. Pressurize lock to maximum chamber operating

pressure (not hydrostatic pressure) and hold for

5 minutes.

5. Depressurize the lock to 165 feet (73.4 psig)

Hold for 1 hour . If pressure drops below 145

feet (65 psig) , locate and mark leaks . Depres-

surize chamber and repair leaks in accordance

with Step 2 above and repeat this procedure

until final pressure is at least 145 feet (65 psig) .

6. Repeat steps 1 through 5 leaving the inner door

open and outer door closed . Leak test only those

portions ofthe chamber not previously tested .

STANDARD U.S. NAVY RECOMPRESSION CHAMBER

AIR PRESSURE AND LEAK TEST

Ship/Platform /Facility

Type of Chamber Double Lock Aluminum

Double Lock Steel

Single Lock Steel

Other •

*(Description )

NAME PLATE DATA

Manufacturer

Date of Manufacture

Contract/Drawing No

Maximum Working Pressure

Date of Last Pressure Test

Test Conducted By

(Name/Rank )

1 Conduct visual inspection of chamber to determine if chamber is ready for test

Chamber Satisfactory

Discrepancies or inoperative chamber equipment

Initials of Test Conductor

PRESSURE TEST FOR USN RECOMPRESSION CHAMBERS L-1Change 2
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2. Close inner lock door and with outer lock door open pressurize inner lock to 100 fsw ( 45 psig ) and verify that the

following components do not leak:

(Note: If chamber has medical lock open inner door and close and secure outer door . )

Inner lock leak checks

A. Shell penetrations and fittings

Initials of

Test Conductor

Satisfactory

B. View Ports

Satisfactory

C. Door Seals

Satisfactory

D. Door Dogs

E. Valve Connections and Stems

Satisfactory

F. Pipe Joints

Satisfactory

Satisfactory

G. Shell Welds

3. Increase inner lock pressure to maximum chamber operating pressure (not hydrostatic pressure ) and hold for 5

minutes .

Record Test Pressure Satisfactory

(NOTE: Disregard small leaks at this pressure)

4 Depressurize lock slowly to 165 fsw . (73.4 psig)

Secure all supply and exhaust valves and hold for one hour.

Start time Pressure 165

Pressure

fsw

fswEnd time

Criteria: If pressure drops below 143 fsw (65 psig ) locate and mark leaks . Depressurize , repair and retest inner

lock

Inner lock pressure drop test passed

Satisfactorily

5. Depressurize inner lock and open inner lock door. Secure in open position . Close outer door and secure .

(Note: If chamber has medical lock close and secure inner door and open outer door)

6. Repeat tests of sections 2 , 3 and 4 above when setup per section 5. Leak test only those portions of the chamber not

tested in sections 2 , 3 and 4.

7. Outer Lock Leak Checks

A. Shell penetrations and fittings

B View Ports

Satisfactory

Satisfactory

C. Door Seals

Satisfactory

D. Door Dogs

Satisfactory

E. Valve connections and stems

Satisfactory

F. Pipe Joints

Satisfactory

G. Shell Welds

Satisfactory

8. Maximum Chamber Operating Pressure Test

(5 minute hold)

Initials of Test Conductor

Initials of

Satisfactory Test Conductor

9 Inner and Outer Lock Chamber Drop Test ( Hold for one Hour)

Start Time .

End Time

Pressure 165 fsw

Pressure fsw

10 .

Inner and Outer Lock Pressure Drop Test Passed Satisfactorily

All above tests have been satisfactorily completed .

Test Director

Signature

Diving Officer

Commanding Officer

Initials of Test Conductor

Date

Date

Date
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APPENDIX M

DIVERS' AIR SAMPLING

To be a satisfactory breathing medium , compressed

air must be free of carbon monoxide (CO) , carbon

dioxide (CO2) , oil vapor , and other impurities .

Gaseous and particulate contaminants produce an

adverse effect upon the human body when the partial

pressure is increased . In recognition of this , the Naval

Sea Systems Command requires that a periodic air

sample be obtained semiannually from each air

supply source .

To ensure the safety of Navy divers , NAVSEA-

SYSCOM implemented the establishment of a unified

program administered by a central authority for the

sampling of divers ' breathing air . Naval Coastal

Systems Center has been designated as the central

authority to schedule the sampling of the divers' air

sources in use , and to ensure the analysis and

interpretation of the results by a qualified analytical

laboratory.

DEFINITIONS

Contractor The qualified analytical laboratory

that supplies the sampling equipment

and analytical capabilities .

Laboratory The Naval activity that is administer-

ing the program .

Sponsor -The Naval Sea Systems Command.

User -The activity, group , ship , command ,

etc. , that possesses a diving capa-

bility.

Sample Set- The complete sample obtained from an

air supply source . The set consists of

the following :

1. Filter sample

2. Diving air sample

3. Ambient air sample

HP
-High pressure .

LP
-Low pressure .

3HP2LP Kit- Kit containing sufficient components

2HP Kit

to enable the user to obtain 3 com-

plete high pressure and 2 complete low

pressure sample sets .

-Kit containing sufficient components

to enable the user to obtain 2 com-

plete high pressure sample sets.

SAMPLING PERIOD

Each divers ' breathing air source in operable

condition is required to be checked for purity at

intervals not to exceed six months.

BAD SAMPLES

The user will be contacted as quickly as possible by

the responsible laboratory if the sample fails to meet

the established standards for impurities . The

laboratory will aid in the determination of cause of the

bad sample , and advise if resampling is necessary .

SAMPLE SCHEDULE

The responsible laboratory will coordinate scheduling

for all breathing air sources that are due for sampling .

The user will be notified by message six weeks in ad-

vance ofthe proposed sampling date . The user need

not reply if the date is acceptable . If a conflict should

occur, the user shall notify the laboratory by phone or

message as soon as possible to establish an alternate

date . Two weeks prior to sampling another message

is sent to ensure that the user is ready for sampling .

SAMPLING

Sampling in certain areas of the country (Norfolk ,

Charleston , San Diego , and Hawaii ) that are heavily

populated by users will in some cases be conducted

by the contractor's personnel . Isolated and remote

areas will receive the sampling kits by first class mail

and will conduct the sampling with their own

personnel . Instructions in the use of the equipment

will accompany these sets . The sampling will be

conducted within three working days after receipt of

the kits and the kits returned by mail to the contractor .

An addressed prepaid postage tag is included with the

instructions .

DIVERS' AIR SAMPLING
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AIR TRANSFER CONNECTOR

FLOW SECTION
MUFFLER WITH THERMOMETER

ORIFICE UNION

471M FILTER UNION 47M4 FILTER UNION 47MM FILTER UNION

SCUBA INPUT FITTING

"S" FITTING

THREADED INPUT FITTING

SAMPLE BOTTLES

90MM FILTER UNION

90MM FILTER UNION

SAMPLING CAP

AMBIENT AIR SAMPLER

Figure 1 Component Nomenclature (3 HP2LP Kit)

SAMPLE KIT

banks . An ambient air sample is taken at the

compressor intake .The sample kit design is such that its construction ,

small size, and weight permits shipment through the

mail without extra packing . The kit is approximately SAMPLING EQUIPMENT COMPONENTS

14 x 10 x 5 inches in dimension and weighs about 15

pounds . Figure 1 shows the contents of a 3HP2LP kit.

Figure 2 shows a 2HP kit . Other kits are available ;

these two are typical . The instructions , data sheets ,

return prepaid postage tag , orifices , and spare O-ring

for input fittings are all contained under the foam

packing of the sample case lid.

SAMPLE SETS

A sample set usually consists of a compressed air

sample and a particulate sample . These are obtained

from diving , SCUBA charging stations , and receiver

Basically, the assembled samplers for sampling low

pressure or high pressure air sources are similar.

Figures 3 and 4 show the assembly of the components

for both pressure systems . The difference , not

visually apparent , is the size of the orifice contained

within the orifice coupling . A large diameter orifice

(0.375" ) is used for low pressure air sampling and a

small diameter (0.200 " or 0.115") for high pressure

air .

Quick lock fittings simplify the assembly of the

sampling apparatus .
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47mm AIR TRANSFER CONNECTOR-

FLOW SECTION

FILTER UNION

2ND FILTER UNION*

AMBIENT AIR SAMPLER

MUFFLER (THERMOMETER)

SAMPLE BOTTLES

3 BOTTLES ( 2+SPARE )

or

5 BOTTLES ( 4+SPARE)

SCUBA INPUT FTING

SAMPLING CAP

Figure 2 Component Nomenclature (2 HP Kit)

When sampling at flow rates greater than about 15-20

scfm , it is necessary to use a 90mm filter to

accommodate the higher velocity flow . The 90mm

filter is always used in conjunction with the flow

expansion section so that the particulates become

more evenly distributed over the filter surface .

Thesample bottle construction allows for the efficient

purging and filling of the bottle with sample air. The

spherical float in the center tube functions as a flow

indicator . The sampling time for the air sample must

be a minimum of 30 seconds . The sampling cap is

used for transferring air through the bottle in order to

allow the syringes in the air transfer connector to

penetrate the rubber septum in the cap end of the

bottle . The shipping cap is replaced after sampling .

Figure 5 is a cut-away view of Figure 4. The sample

bottle is absent in Figure 4. The cut-away view shows

how the components are fastened together and the

location of the orifice restriction .

SELECTION OF ORIFICES

Always check the orifice size that is sent installed

within the orifice coupling by the contractor . The size

of the orifice used in measuring the flow must always

be entered on the data sheet . The 0.200 " diameter

orifice is installed when the kit is sent from the

contractor's laboratory unless portables are to be

exclusively tested; then the 0.115" diameter orifice

will be installed .

The Supervisor of Diving recommends that , if

possible , HP systems be sampled at about 10-12 scfm

and LP systems be sampled at about 40-50 scfm

because these are typical use rates for SCUBA

charging and deep-sea diving equipments . Portable

HP compressors with less than 8 scfm capability

should be sampled at full capacity.

Table 1 is an aid for the selection of the proper orifice

and components to be used in the assembly of the

DIVERS' AIR SAMPLING
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"S" FITTING

FLOW EXPANSION SECTION

SAMPLE BOTTLE

AIR TRANSFER FITTING

ORIFICE COUPLING

PRESSURE GAUGE
MUFFLER

00MM FILTER UNION

Figure 3 Assembly for Sampling a LP Source

SCUBA

FITTING

47MM FILTER UNION

AIR TRANSFER FITTING MUFFLER

ORIFICE COUPLING

PRESSURE GAUGE

THERMOMETER

Figure 4 Assembly for Sampling a HP Source

sampling apparatus used in sampling the various

breathing air sources used by the Navy.

The table indicates that for a low pressure ( LP) source

with a high capacity , as encountered in deep-sea

diving equipment, the 0.375-inch diameter orifice is to

be used, and that the "S" input fitting along with the

90-millimeter filter holder and flow expander section

be included in the assembly of the sampling

apparatus.

The flow rate column of Table 1 is included to aid in

determining the sampling time . The figures are

approximate and are based upon a 10 psig flow

measurement pressure as indicated upon the

pressure gauge . Ifthe pressure gauge holds steady at

a pressure of 5 psig , this is an indication that the flow

rate is roughly half of that as shown in the table for a

pressure of 10 psig . If this is the case , the minimum

sampling time as shown in the table should be

doubled .

M-4
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TABLE 1 . GUIDE TO SELECTION OF ORIFICES

AIR SOURCE

(EQUIPMENT)

ORIFICE

DIAMETER

SIZE , IN .

High Pressure
-

Low Capacity

(Portable HP

Compressor)

High Pressure —

High Capacity

(SCUBA Charging

Equipt . )

Low Pressure
-

High Capacity

(Deep-Sea Diving

Equipt . )

0.115

FLOW RATE ,

CFM

MINIMUM

SAMPLING FITTING FILTER ,

@ 10 PSIG TIME , MINUTES MM

3.2 9 SCUBA 47

0.200 9 3 SCUBA 47

0.375 32 2 "S" 90 Plus

Flow Ex-

panded

Section

INSTRUCTIONS

I. Sampling of SCUBA Charging Equipment

In Table 1 , SCUBA charging equipment is

classified as a high pressure-high capacity air

source. The table indicates that the assembled

sampler should contain a 0.200 - inch diameter

orifice , a SCUBA input fitting , and a 47-

millimeter filter holder as part of the assem-

bled sampler. The assembled sampler is shown

in Figure 4. The air sample bottle is not

shown installed in this figure . Study Figures 1

and 2 in order to become familiar with the

nomenclature . Figure 5 is also helpful .

A. Preparation

1 . Become familiar with the component

nomenclature with reference to Fig-

ures 2 , 4 , and 5 , in particular . Check

for missing parts and damages due to

shipment. Samples are to be taken

2.

3.

4 .

when the compressor is warm , or has

been running for at least 10 minutes .

Slowly remove the small plug from the

47mm filter union before removing the

larger plug; otherwise , the filter may

be dislodged .

Look into the large opening on the

filter union and read the filter number.

This number is to be recorded on the

data sheet supplied with the kit .

Look down into the flow measurement

section through the male (pin) end and

read the orifice diameter etched on the

surface of the orifice plate . If the ori-

fice is not 0.200 inch , unscrew the

orifice coupling and replace the ori-

fice plate in place with the 0.200-

inch orifice included with the kit .

Record the orifice size on the data

sheet.

DIVERS' AIR SAMPLING
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5. Insert the male end of the flow sec-

tion into the large opening on the

filter union . Line up the pin with the

slots , press the filter union and the

flow section firmly together and twist

to lock the two sections together. If

any difficulty is encountered , rotate the

filter union 180 degrees and lock into

place .

6. Connect the SCUBA input fitting to

7.

8.

the air supply yoke and then blow out

the air line with a short burst of air.

Insert the SCUBA input fitting into the

smaller opening of the filter union and

twist to lock in place.

Replace the shipping cap from one of

the sampling bottles with the sampling

cap . Record the bottle number in the

appropriate blank on the data sheet.

Figure 5 How the Sampling Equipment Works

Sample bottle

incorporates a novel flow-

through concept wnich

insures that a

representative air sample

is taken

Scuba input fitting isthe

oneto use at the scuba

charging station

47mm Filter

Union

Double needled air

transfer connector

permitsthe complete

purging ofthe sample

bottlefrom one end

0000

00
000
000

Filter union holds a

special fiberglass filter for

quantitative removal of

particulates from the air

stream

Quick-lock fittings make it

easyto assemble the unit

in 10 seconds

Flow Measurement Section

Orifice restriction in

conjunction with

pressure gage and

thermometers enable the

quantitative determinination of

the rate of airflowingfrom

the compressor in

standard cubic feet per

minute (scfm )

It is necessaryto provide a larger filter

and aflow expansion section when

sampling LP sources because

ofthe higherflow rates

required of LP equipment.

Flow expander and 90 mm filter union

shown with deep sea divers hose fitting
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SAMPLE BOTTLES

AMBIENT AIR SAMPLER

Figure 6 Ambient Air Sampler and Sample Bottles shown with High Pressure Sampler

B. Collecting the Samples

The collection of the particulate sample on

the filter in the filter union is a timed

procedure (3 minutes at 12 psig ) . While the

particulate sample is being collected , the

air sample is also taken , but in a shorter

length of time (not less than 30 seconds) ;

30 seconds to one minute is sufficient .

1 . Carefully start the air flow through the

sampling system , using the valve on

the air supply system that will give

the best control of flow rate . Increase

the flow until the gauge on the flow

section reads and is stabilized at

2.

12 ± 1 psi . Hold the pressure at 12

psi during the complete test which is

3 minutes. If the 12 psi pressure is

difficult to obtain , use the method sug-

gested under Selection of Orifice to

determine the sampling time at a

lower pressure . At the completion of

this test record the sampling time

on the data sheet.

Approximately halfway through the

particulate sampling , press the cap

end of the sample bottle straight in-

to the air transfer connector . Do

not twist the bottle at any time

as this will damage the fine needles

inside the connector . Observe the

DIVERS' AIR SAMPLING M-7Change 2



3.

white float inside the sample for

indication of flow. If no flow is in-

dicated , tap the bottle lightly or re-

position the bottle in the connector .

Sample the air for at least 30 seconds.

Remove the bottle from the air trans-

fer connector , remove the sampling

cap, and replace the shipping cap

(finger tight) , while the air is still

flowing through the sampling system .

When the time for taking the particu-

late sample is up , shut off the air sup-

ply, record the final temperature

on the data sheet , disassemble the

system , replace the caps and plugs

on the filter union , and return the com-

ponents to the kit container . Record

the pressure maintained during the

test on the data sheet and the

sampling time .

4 .

the air intake of the compressor , and

firmly pump the bulb 10 times or

more . Movement of the white float

will indicate that an adequate flow rate ,

to purge the bottle and fill the bottle

with a representative background air

sample, is being obtained . Your breath

should be directed away from the

background sampler while sampling

the intake air . Allow the white float to

settle to the cap end of the bottle

before removing the bottle from the

ambient air transfer fitting .

Remove the sampling cap , replace

the shipping cap (finger tight) , and

return the ambient air sampler and

bottle to the kit container.

5 . Review the data sheet to see that all

blanks are filled in.

4 . Before shutting down the compres-

sor, take a sample of the ambient air

at the compressor intake .

6 .

C. Obtaining an Ambient Air Sample

Refer to Figure 1 and Figure 6 for identi-

fication of the ambient air sampler com-

ponents . The assembled sampler will be

composed of a sample bottle fitted with a

sampling cap inserted within the air

transfer fitting of the ambient air sampler.

1 .

2.

3.

Check for missing parts or damage.

to the components . The ambient sam-

ple will be taken with the compres-

sor running .

Place the sampling cap on an un-

used sample bottle and insert the bot-

tle into the ambient air transfer fit-

ting . Record the bottle number on

the data sheet .

Locate the small intake hole of the

ambient air transfer fitting close to

II .

Return the data sheet , the kit , and

instructions to the contractor . An ad-

dressed , high priority mailing tag

is included with the kit .

SAMPLING OF PORTABLE HIGH PRES-

SURE COMPRESSORS

In Table 1 a portable high pressure compres-

sor is classified as a high pressure- low capacity

air source . The usual capacity of the portable

compressors range from 2 to 7 scfm.

Table 1 indicates that the assembled sampler

will contain a 0.115- inch diameter orifice , a

SCUBA input fitting , and a 47-millimeter filter

holder as part of the assembled sampler.

The assembled sampler is shown in Figure 4.

The air sample bottle is not shown installed in

the figure . Figure 5 shows a complete assem-

bly with the sample bottle installed . Study

Figures 1 and 2 in order to become familiar.

with the nomenclature .

A. Preparation

1 . Preparation is the same as Sampling

of SCUBA Charging Equipment .
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2. Look down into the flow measure-

ment section through the male ( pin )

end and read the orifice diameter

etched on the orifice plate . For sam-

pling at 2-7 scfm , the orifice size

should be 0.115 inch . If the orifice

diameter is not 0.115 inch , unscrew

the orifice coupling and replace the

orifice in the coupling with the 0.115-

inch orifice included with the kit .

Record the orifice size being used

for sampling on the data sheet.

B. Collecting the Sample

The collection of the particulate sample on

the filter in the filter union is a timed

procedure (9 minutes) . While the par-

ticulate sample is being collected , the air

sample is also taken , but in a shorter

length of time (30 seconds or more) .

Both the particulate and air sample are

taken within the same nine- minute time

span .

1. Carefully start the airflow through the

assembly , using the valve on the air

supply system that will give the best

control of flow rate . Increase the flow

until the gauge on the flow measure-

ment section reads and is stabilized

at 102 psi . The pressure shall be

maintained steady at a convenient

pressure in the range of 8 to 12 psi .

If , for some reason , it is not possible

to attain the desired pressure and the

pressure is below 5 psig , double the

sampling time . Based upon past ex-

perience this will suffice .

contain a 0.375-inch diameter orifice , a deep

sea ("S") fitting , a flow expander section , and

a 90-millimeter filter holder as component parts

of the sample . Refer to Figure 1 for the nomen-

clature of the component parts ; also , consult

Figure 3 for a view of the complete assembly.

A. Preparation

1 .

2.

3.

4 .

5.

2 . The procedure now is the same as

collecting the sample from the SCUBA

system .

III. SAMPLING OF DEEP-SEA DIVING EQUIP-

MENT

A deep-sea diving air system is classified as

a low pressure-high capacity air source . Table 1

indicates that the assembled sampler should

6.

Familiarize yourself with Figures 1 , 3 ,

and 5 and the contents of the kit.

Check for missing or shipment dam-

aged parts . Take your samples at a

time when the compressor has been

running for at least 10 minutes .

Select a large (90- millimeter) filter

union for use. To avoid dislodging the

filter, slowly remove the large protec-

tive plug before removing the smaller

plug from the filter union.

Look into the small opening on the

filter union and read the filter number.

Record this number on the data

sheet.

Look down into the flow monitoring

section through the male (pin) end and

observe the orifice diameter etched on

the orifice plate . For sampling at 40

scfm the orifice size should be 0.375

inch . Ifthe orifice diameter is not 0.375

inch , unscrew the orifice coupling and

replace the orifice plate in place with

the 0.375-inch orifice included with the

kit .

Insert the male end of the flow sec-

tion into the smaller opening on the

filter union , line up the pin with the

slots , press the filter union and the flow

section firmly together and twist to lock

the two sections together . If any dif-

ficulty is encountered , rotate the filter

union 180 degrees and lock into place .

Insert the male end of the flow ex-

pansion section into the larger opening

in the filter union and lock into place.

DIVERS' AIR
SAMPLING M-9
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7.

8.

9.

Connect the brass female input fitting

to the low pressure (LP) supply station

and purge the lines for a minute or so .

Lock the brass input fitting into the fe-

male end of the flow expansion sec-

tion . The LP sampling assembly at this

stage should compare with Figure 3

(without the sampling bottle in place ) .

Unscrew the shipping cap from one of

the sampling bottles , and screw on the

sampling cap . Record the bottle

number on the data sheet.

B. Collecting the Samples

The collection of the particulate sample on

the filter in the filter union is a timed (2-

minute) procedure . While the particulate

sample is being collected, the air sample is

taken for a period of 30 seconds or more .

1 .

2 .

Carefully start the airflow through the

sampling system , using the valve on

the air supply system which will give

the best control of flow rate . Increase

the flow until the gauge on the flow

section reads and is stabilized at 10 ±

2 psi . The pressure will be held at a

convenient pressure in the 8 to 12 psi

range during the complete 2 - minute

test . If the pressure is difficult to ob-

tain , use the method suggested under

"Selection of Orifices " to determine

the sampling time at a lower pressure .

(At 5 psi , double the sampling time ,

and at 2 psi , triple the time . )

The procedure now is the same as col-

lecting the sample from the SCUBA

system .
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6-8
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Breaking Strain , Formulas A-1

Breastplate
6-4
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3-12, 5-33

Poisoning

Carbon Monoxide

Characteristics of 2-14

8-6

Causes of 3-16

Breathing
Signs of

3-13-3-16

Control of 3-12
Treatment of

3-16

Cycle
3-8

Rate 3-8 Cardiac
8-3

Resistance
3-12 , 3-14

Arrest, Treatment of 3-6

Causes of 3-13
Output

Effects of 3-13

Technique , SCUBA

Cartridge, CO 2
5-10

5-31

Briefing , Diving Team
4-28, 4-30

Charging)

Bronchi 3-8

Browne, Jack 6-41

Buddy

Breathing 5-36 ment of

Line 5-15

System
5-34

Chamber, Recompression

Buoyancy
2-9

Charles , Jacques

of Deep-Sea Dress
2-10

Charles' Law

Diver Adjustment
6-87

Cascading (See Cylinder

Central Nervous System , Emer-

gencies Involving

Cessation of Breathing , Treat-

Chafing Pants , Deep-Sea
6-6

8-18-8-44

2-18

2-16, 2-18"

8-12 , 8-15

8-2-8-4

Negative
2-9

Checklist

Neutral 2-9

Positive 2-9

Equipment Preparation

Predive

5-22, 5-23

K-1-K-4

Buoyant Ascent (See Ascent ,

Recompression Chamber 8-36

Emergency)
Circulatory

Caisson 1-6 Rate 3-6

Calibration Procedures , Gage
H -1

System 3-2-3-7

Calorie , Definition of 2-27
Classification of Divers E-4

Capacity

Closed Chest Cardiac Message 8-3, 8-4

Cylinder Bank

Collection of Dive Data 4-2

6-76

Equivalents
A-3 Color Coding of Gas Supplies

8-31

SCUBA Cylinder 5-6 Combat Swimmer 1-16

Carbon Dioxide Commanding Officer,

Characteristics of 2-14 Responsibility of
4-25

Excess (See Hypercapnia) Communications

Excess of 1-7 , 6-86
Diver 6-79

Excessive Loss of 8-10

Causes of 3-15
Recompression Chamber 8-31

Physiological Effects of 3-15
Compass , Wrist 5-15

Warning Signs
3-15

Life Preserver Cartridges 5-10
Compressor

LowLevels (See Hypocapnia)
Air 6-73

Poisoning
8-6 Recompression Chamber Supply 8-29

Production of 3-11 , 6-7
Requirements , MK 5 Helmet 6-9

Toxic Level of 6-71 Conduction Heat Transfer 2-27
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Cone Shell 1-10 Repetitive Dives 7-4 , 7-5

Continuous Flow SCUBA (See Requirement for 3-23

SCUBA, Continuous Flow) Schedule , Selection of 7-4

Control of Breathing 3-12 SCUBA 5-40

Control of Massive Bleeding 8-4, 8-5
Sickness 8-13-8-15

Causes of 3-22

Controls , Recompression
CNS 8-12 , 8-15

Chambers 8-38

Diagnosis 8-14

Convection Heat Transfer 2-27
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Conversion Tables A-1
Symptoms of 3-23

Convulsions Stage 6-69, 6-85
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Treatment 3-21
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7-1

Tables

6-94, 7-5

7-8-7-24
Coral 1-8

General Use 7-2-7-8
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6-88

Cousteau , Jacques-Yves 1-10

No Decompression Limits
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7-16

7-18
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4-28 Selection Criteria 7-2

Currents

Descending in 6-85

Effects on Diving 4-9

Standard Air Decompression

Surface Decompression

Using Air 7-22, 7-23

7-9-7-15

Types of 4-9

Cyanosis

Using Oxygen

Use of Oxygen

7-20, 7-21

3-23

3-14, 8-11

Cylinder

Air Supply System 6-76

Capacity of 5-18

Charging 5-19-5-21

Data , SCUBA 5-8

Duration 5-16-5-18 Diving Dress

Deep Diving System

Deep-Sea Air Diving Outfit

Approved Equipment List

Diver's Hoses

1-12, 1-18

6-1-6-21

4-21

6-8 , 6-17

6-5 , 6-17

Identification of 5-6 Dressing Procedure 6-12

SCUBA 5-5-5-8 Helmet 6-2 , 6-16

Dalton's Law 2-20
Maintenance 6-16

Dangerous Marine Life , Preven-

tion and Treatment

Data

Collection

Deep-Sea Diving , General

1-1-1-9
Characteristics 4-18

Deep Submergence

Rescue Vehicle 1-17
4-2

General Categories 4-3
Review Group 1-17

Sources , Planning 4-3 System Project
1-17

Deane, John and Charles 1-5

Debriefing the Diving Team

Double Hose
4-30

Decompression

Single Hose

Ascent 7-4

Compensation for Excessive

Losses 7-4

Demand Regulator Assembly

Demand Regulator , Diver's Mask

USN MK 1

Demand SCUBA (See SCUBA,

5-2-5-5

5-2-5-4

6-21

Influential Variables 3-23

Omitted 7-2 , 8-14

Demand)

Demand System Flow

Pain Only 3-12 , 8-11 Requirements 6-71
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Density
Diving

Definition of 2-9 Air Depth Limit 4-20

Fresh Water 2-9 Air Requirement
4-21

SaltWater 2-9 Air Sampling
M-1-M-10

Depth
Apparatus

Closed-Circuit 1-9

Definition of 7-1

Gage , Wrist

Open-Circuit
1-9

5-12

Mark 11
1-18

Influence in Planning
4-7

Mark 12
1-18

Limits for Air Diving 4-20
Mark 14

1-18

Measurement of 4-7
Mark 15 1-18

Desaturation Momsen Lung
1-14

Process of 3-22 SCUBA 1-9

Rate 3-22 Semi-Closed Circuit 1-9

Descending Line
6-69 , 6-85 , 6-93

Bell 1-3 , 6-69

Loss of 6-90 Boat

Fouling
6-90 Equipment Checklist

4-23

Descent, Procedure for 5-32, 6-85 Safety Checklist
4-24

Designation

Briefing the Team
4-28 , 4-30

Chart 7-7

Diver E-4

Diver First Class

Data Collection and Analysis
4-2

E-8

Diver Second Class E-10
Debriefing the Team

4-30

Dress

Master Diver E-6

Armored Suit 1-8

Medical Deep-Sea Diving
Cuff Renewal 6-17

Technical E-9

Salvage Diver

Deane's Patent Dress 1-5

E-9

SCUBA Diver E-11
Deep-Sea

6-5

Enclosed
1-4

Diastolic Pressure 3-6
Glove Renewal 6-17

Displacement , Compressor
6-73

Lethbridge's Suit 1-3

Distance Line 6-69, 6-88 Lightweight Outfit
6-43

Distinguishing Mark , Diver E-6 Maintenance 6-17

Dive Recording
7-5-7-8

Siebe's "Closed " Dress 1-5

Diver

Communications

Duty Summary Form
B-2

Early Success
1-2

5-34, 6-79
Emergencies

8-1-8-46

First Class

NEC E-3

Requalification of E-5

Requirements for E-8

Monitoring , Following Dive 6-94

Equipment

Selection

Surface-Supplied

USN Approved

Final Preparation

4-21-4-24

6-1-6-61 , 6-64-6-70

4-21

4-30

Predive Inspection , SCUBA 5-24
Fleet

1-16

Qualification E-1-E-12
Free

1-8

Reproducer, Replacement of 6-16
History of

1-1-1-20

Second Class
Intercommunication System

6-79-6-81

NEC E-3

Log
B-1

Requalification of E-6
Manning Levels

4-28

Diver's Medical Officer , Responsibility of 4-27

Consumption Rate 5-16-5-18 Objective
4-2

Hose, Maintenance 6-68

Log Binder B-2

Officer, Responsibility of

Personnel

4-25

Mask USN Mk 1 6-22 Physical Requirements
4-28
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Requirements

Planning (See Planning ,

Operations)

Primitive

Procedures , SCUBA

Recent Developments

Record System

4-26
Eligibility Requirement

Diver First Class E-8

Diver Second Class E -10

1-1
Master Diver E-7

5-31-5-41
Medical Deep-Sea Diving

1-11 , 1-18
Technician E-9

B-1
Salvage Diver E-9

Safety Precautions 4-30

Embolism , Gas 8-9-8-11
Saturation

School

1-11 , 1-18

1-13 , 1-14
Emergencies

Stage 6-69, 6-85, 6-89
Blow-up 8-36

Supervisor , Responsibility of 4-26 Decompression Sickness 8-13

Support Diving 8-1-8-46

Craft 4-21-4-24 Cracked Faceplate 6-91

Equipment 4-23 Falling 6-91

Personnel , Requirements of 4-12 Fouled Air Hose 6-90

Surface Crew 4-26 Fouled Lines 6-90

Team Selection 4-25-4-28 Loss of Distance Line 6-90

Technique Equipment Failure 8-10

Factors in Choosing 4-16 Fouling and Entrapment 8-9

Selection of 4-15-4-20
Gas Expansion 8-8

U.S. Navy

Viet Nam

Tender, Responsibilities

Timekeeper Responsibilities 4-27

1-12-1-18

1-16

4-26, 4-27 Hypothermia 8-8

Immediate Action 8-1-8-5

In-Water 8-7

Loss of Air Supply 8-10

World War I 1-10 , 1-13
Loss ofCommunications 8-10

World War II 1-15 , 1-16
Lost Diver 8-10

Wristwatch 5-12 Omitted Decompression 8-11

Dressing Procedure
Planning for 4-11c

Requiring Recompression 8-11-8-15

Deep-Sea Outfit 6-12

Lightweight Outfit

Respiratory 8-5

6-33

SCUBA 5-24-5-28

Emergency Air Supply Fitting ,

Drowning 8-7
Diver's Mask USN Mk 1 6-24

Dry Suit 5-13, 6-5 , 6-23
Emergency

Dumbbell, Helmet 6-2, 6-5
Ascent 8-12

Duration , Cylinder Bank 6-76 , 6-78 Ascent , SCUBA 5-37

Ear Protectors 8-40 Assistance Checklist 4-13

Ear Squeeze 8-7 Equipment Checklist J-2

Kits , Use of 8-46
Causes of 3-18

Line Pull Signals
Prevention of 3-19

Medical Supplies

6-81 , 6-83

8-45

Eardrum , Rupture 8-8

Emphysema 8-12, 8-13

Earphone

Interstitial , Causes of 3-24

Assembly, Diver's Mask
Mediastinal , Causes of 3-24

USN MK 1 6-24
Subcutaneous , Causes of 3-24

Diver's Mask USN Mk 1 6-79

Energy 2-1-2-4

Earplugs 5-15
Definition of 2-1

Efficiency, Compressor 6-73
in Diving

Electrical Equipment , Recom- Equivalents

pression Chambers 8-31

Elements 2-1

Forms of

Environmental Checklist

2-25-2-28

A-4

2-2-2-4

4-12
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SCUBA

Selection
4-21-4-24

Equivalent Single Dive
7-5

Equipment

Failure

Preparation , SCUBA

8-10

5-22, 5-23

5-11-5-16

Fish , Venomous

Fittings

Air Hose

Deep-Sea Air Hose

Flags , Diving (See Signals , Diving)

1-5

Equivalent Wind Chill Tem-

peratures
4-5

Erythrocyte (See Red Blood

Cells)

Eustachian Tube 3-18

Examination , Physical
E-1 Flying

Exceptional Exposures
7-2, 7-4, 7-8-7-15

Exhaust

Main Assembly , Diver's

6-19

6-8

Fleuss , H.A. 1-9

Float Line 5-15

Floats 5-14

Flow Requirements , Air Supply
6-71

Flutter Valve , SCUBA Regulator

After Diving

Recompression Patient

Formulas and Conversion Factors

Free Ascent (See Ascent ,

5-4

6-94

8-16

A-1-A-5

Mask USN Mk 1

Valve

Helmet

6-24

6-3 Emergency)

6-3 Free-Ascent Training , Divers
E-6

Maintenance

Standard Lightweight Mask

6-42 Gages, Calibration of H-1

6-9
Gages , Roylyn

H-2

Experimental Diving Unit 1-13
Gagnan , Emile 1-1

Expiratory Reserve Volume 3-8, 3-10

Explosive Ordnance Disposal

Team

Gas

1-16
Cylinder Capacities

8-39

Explosive Ordnance Disposal
Diffusion 2-21

Technician
Embolism 8-11-8-13

NEC E-4

Traumatic , Causes of 3-23

Requalification of E-5
Expansion 8-11

Laws 2-16-2-19

External-Ear Squeeze
8-7

Boyle's Law 2-16-2-18

Extreme Exposures
7-15

Charles' Law 2-18

Face Mask 5-9, 5-42
Dalton's Law 2-20

Squeeze

Faceplate

8-7 General 2-18

Henry's Law
2-24

Cracked 6-91
Mixtures 2-19-2-21

Helmet 6-2 Gases

Maintenance 6-16 in Diving
2-11-2-16

Welding
6-70 in Liquids

2-24

Face Squeeze
Molecular State of 2-2

Causes of 3-20
Rare

2-11

Prevention of 3-20
Gloves

Fainting , Causes of 3-6 Divers 5-13

Field Maintenance and Repair

Diver/Tender 6-5

Kit, SCUBA 5-44 Goggles 5-15

Field Maintenance , SCUBA 5-43 Goosenecks on Helmet 6-2

Filters , Compressor
6-75 Grounding Amplifier

6-80

Final Preparation , Diving
4-30 Haldane , J.S.

1-7

Fire Prevention in Recompres- Halley's Diving Bell
1-3

sion Chambers 8-38 Hand Signals , SCUBA 5-34, 5-35
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Harness , SCUBA (See SCUBA, Inhalation Valve , Standard

Backpack) Lightweight Mask
6-21 , 6-42

Heart 3-5, 3-6 Inlet Conditions , Compressor
6-73

Heart-Lung Resuscitation 8-3, 8-4 Intercoolers , Compressor
6-75

Heat Intercommunication System 6-79-6-82

Definition of 2-27 Internal Bleeding 8-4a

Loss from Body 3-16-3-17b
International Signal Code

4-6

Excessive (See Hypothermia)
In-Water

Transfer of 2-27, 2-28

Units of 2-27
Emergencies

8-5, 8-7-8-11

Helium

in Air 2-11

Recompression Treatment

Jack Browne Mask (See Standard

Lightweight Mask)

8-16

Characteristics of 2-12

Early Use of 1-8
Jellyfish

1-8

Speech 2-12
KillerWhale 1-5

Helmet
Kenetic Theory ofGases

2-15

Cushion 6-6 Knife and Scabbard , SCUBA
5-11

Deep-Sea Diving Outfit
6-2-6-4 Knife, Deep-Sea

6-7

Maintenance 6-16
Ladder, Diving

6-69

Hemoglobin 3-5 Lambert , Alexander 1-10

Hemmorrhage, Treatment of Lead-Line 6-69

Massive 8-4
Leakage into Diving Dress

6-91

Henry's Law 2-24, 3-22 Leather Maintenance 6-20

Hogging Line 6-89
Length Equivalents

A-2

Hose Clearing , SCUBA 5-33 Le Prieur, Commander 1-10

Hospital Corpsman Lethbridge, John 1-3

NEC E-4

Requalification of E-6

Leukocytes (See White Blood

Cells)

High Pressure Air Cylinders

Hit (See Decompression Sickness)

Humidity

6-76 Life-Line/Amplifier Cable
6-79

Deep-Sea 6-8

2-21-2-23 Maintenance 6-17, 6-19

Absolute 2-22
Replacement 6-68, 6-90

Control in Air Supply 6-71,6-75 Life-Line and Airhose , Marrying
6-19

Definition of 2-21 Life-Line , Lightweight Outfit 6-68

Effect on Body Temperature 3-17
Life Preserver

Relative 2-22

Mk 3 Yoke Type 5-10

Hydrogen
2-13

UDT Type 5-10

Hyperbaric , Definition of 2-15
Lifting Capacity Formulas A-1

Hypercapnia 3-13
Lighting , Recompression

Hyperventilation 3-12 Chambers 8-31

Hypocapnia 3-13 Light Rays UnderWater 2-25

Hypothermia
8-8 Lightweight Diving

Hypoxia 3-14

Immediate Actions , Emergency

General Characteristics

Outfit

4-17

8-1-8-5

Installation , Compressor 6-76

Approved Equipment List

Diver's Hose

4-21

6-23, 6-43

Inspection , SCUBA Cylinder 5-6
Diving Dress

Inspiratory Reserve Volume 3-8, 3-10 Dressing Procedure

6-23, 6-43

6-33
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Mask 6-22 , 6-42 Saturation E-8

Line Pull Signals 6-81 , 6-83 Matter

Link, Edwin A. 1-11 Definition of

Liquid Ring Compressor
6-73 Three States of

Liquids

Gases in
Chamber

2-24

Molecular State of 2-2

McCann-Erickson Rescue

Measurement, Units of

Pressure of 2-8-2-10 Area

Logistics , Diving (See
Conversion Equivalents

Resources, Diving) English System

Loss of Air Supply 8-10 Length

Lubricants, Compressor

Loss of Communications

Lost Diver

Lungs

8-10

Metric System

8-10

6-74

3-7-3-16

Pressure

Temperature

Volume

Weight/Mass

2-1, 2-2

2-1

2-2

1-14

2-4, 2-5

A-2-A-5

2-4

2-4

2-4

2-5, 2-8 , 2-16

2-5

Description of 3-8, 3-9 Mechanical Resuscitation

Expiratory Reserve Volume 3-8

Inspiratory Reserve Volume 3-8

Residual Volume 3-8

Respiratory Dead Space
3-8

Squeeze 3-19, 8-71

Tidal Volume 3-8

Toxicity 3-21

Vital Capacity 3-8

Main Exhaust Assembly , Diver's

Mask USN Mk 1 6-22

Mediastinal Emphysema

Medical

Corpsman , Responsibilities of

Lock, Recompression Chamber

Officer, Responsibilities of

Supplies, For Emergencies

Medical Deep-Sea Diving

Technician

NEC

2-5

2-5, 2-15

8-3

8-12, 8-13

4-27

8-31,8-33

4-27

8-44

E-3

Maintenance

Deep-Sea Outfit 6-16

Requalification of

Requirements for

Metabolism

E- 5

E-9

3-2

Lightweight Outfit 6-44

Mark 12 Outfit 6-64
Microphone Assembly , Diver's

SCUBA
Mask USN Mk 1

5-41-5-44
6-23

USN MK 1 6-40
Middle-Ear Squeeze 8-7

Manifold Minimum Equipment Require-

Cylinder Bank 6-76
ments, SCUBA 4-16, 5-1

SCUBA 5-6
Molecules 2-1 , 2-2

Manning Levels for Diving , Momsen, C.B. 1-14

Planning for 4-12 Monitoring the Diver 6-92

Marine Animals , Dangerous 1-1-1-10 Mooring

Mask
Diving Boats 4-5

Clearing 5-33 Working Near 6-89

Lightweight 6-42

Oral- Nasal, Diver's Mask
Moray Eel 1-5

USN MK 1 6-22
Mouthpiece Clearing 5-33

Mass Equivalents A-3
SCUBA 5-5

Master Diver Mouth-to-Mouth Resuscitation 8-2

NEC E-3 Movement

Requalification of E-5 on the Bottom 6-87

Requirements for E-6 , E-7 Diver on Deck 6-84, 6-91
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Munitions Consumption 5-19, 3-11

Hazards from 3-24 Deficiency

Prevention ofInjury 3-24
Debt

Navy Enlisted Classification
Elimination System

Collateral E-4

Diver E-3

Neon , Characteristics of 2-14

Neuron 3-1

Nitrogen

Absorption 3-21 , 3-22

Gas 2-12 Surface Decompression Using 7-19-7-21

Narcosis 1-8 , 2-11 , 8-5 , 8-6

Causes of

Symptoms

Percent in Air

Solubility of

Non-Recompression Emergencies ,

3-20

3-20

2-11

Toxicity Symptoms

During Decompression

Use During Resuscitation

2-24
Padeyes, Breastplate

Treatment of 8-5-8-11 Chamber

No Decompression Table 7-15 , 7-16

Selection of 7-2

Non-Return Valve

Painting Recompression

Pants, Chafing (See Chafing

Pants)

Partial Pressure

8-5, 8-6

3-11

8-40

Insufficient (See Hypoxia)

Poisoning 1-10, 8-5, 8-6

Causes of 3-20

Central Nervous System 3-21

Lung Toxicity
3-21

Symptoms of
3-21

Rebreather 1-9

Tolerance Test, Diver E-1

8-6

7-19

8-3

6-5, 6-9

8-35,8-38

Helmet 6-2 , 6-3 in Alveolar Air 3-11

Standard Lightweight Mask 6-22 CO2 6-10

Objectives
in Lungs During Free Diving 3-13

Checklist 4-4
of Nitrogen in Lungs 3-21

for Dive Planning 4-2
of Oxygen in Breathing Mixture 3-14

Obstacles , Planning for 4-11b, 4-11c

Pascal , Blaise 2-8

Octopus 1-8

Pasley, William 1-5

Officer of the Deck 4-28

Patches , Crotch 6-17

Omitted Decompression 7-2, 8-35

Patching Procedures , Diving

Open-Circuit Systems , Flow Dress 6-17

Requirements 6-71

Patch Pattern 6-18

Operations Planning (See

Pay, Substantiation by Divers E-12

Planning , Operations)

OPNAV Form 9940/1 B-1
Peripheral Chemoreceptors

3-12

Personnel , Selection of E-1-E-12

Optional Lightweight Diving

Dress 6-23
Physical Requirements , Diving

Personnel 4-28, E-5

Oral-Nasal Mask , Diver's Mask

USN MK 1 6-22
Physiology

Orientation , Diver
Definition of 3-1

6-86

Underwater

Overbottom Pressure

Cylinder Bank 6-9, 6-10 Planning

Requirement

Oxygen

Breathing

During Recompression

Systems

8-41

8-31-8-33 Plasma

Characteristics of 2-11 Platelets

6-72 Data Sources

Operational Tasks

Operations

Safety Checklist

3-1-3-24

4-3

4-11c-4-14

4-1-4-30

J-1-J-5

3-5

3-5
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Pneumofathometer

Pneumothorax

Causes of

Pollution , Planning for

Post-Dive Procedures , SCUBA

Power

Definition of

4-7 , 6-9, 6-43 Rate

8-12, 8-13 ofAscent

3-24 of Descent

6-93

6-85

4-9

5-41-5-44
Rating , Compressor

Reciprocating Compressor
6-73

2-2

Equivalents A-5

Recompression
Pre-Dive

Chamber 8-30

Checklist , Surface Supplied K-1-K-4

Checkout Procedure 8-36

Checkout, Diving Supervisor 6-84

Early
1-7

Review 5-24

Gas Supply 7-8

Pressure
Locations of 8-30

Absolute 2-8 Maintenance 8-35, 8-43

Atmospheric 2-7 Operation of 8-36 , 8-40

Barometric 2-8

Definition of 2-6

Equivalents A-4

Gage 2-8

Calibration of H-1 , H-2

Roylyn H-2

Levels ofTolerance 3-18

Liquid

Related Ailments

2-8, 2-9

3-18-3-21

Requirements of Surface Supply

System 6-16

Test, Recompression Chamber

Toricelli's Barometer

L-1

Preparation of

Ventilation

Emergencies Requiring

Tables

Minimal Recompression , Oxygen

Breathing Method for Treatment of

Decompression Sickness and Gas

Embolism

Recompression Treatment of

Decompression Sickness and

Gas Embolism

Treatment

8-35

8-38

8-11

8-23-8-26

8-19, 8-20

8-15-8-43

2-7 Instructions 8-15

Units of 2-5, 2-8
No Recompression Chamber 8-16

Recurrence During Treatment
8-21

Primary Emergency Kit 8-44
Recurrence Following Treat-

Protective Clothing ment 8-21

Effect on Heat Loss 3-17
Rules for 8-18

SCUBA 5-12-5-14
Tables 8-23-8-29

Pulmonary Resuscitation 8-2
Using Air 8-26-8-29

Using Air and Oxygen
8-25

Purge Valve , Single Hose SCUBA 5-3

Using Oxygen 8-23-8-24

Quick-Release Buckle 5-7, 5-10b
Transporting the Patient 8-16

Qualification Factors

Diver First Class E-8

Diver Second Class E-10

Master Diver E-7

Medical Deep-Sea Diving

Recording , Dive

Record Keeping and Reporting

Recurrence ofSymptoms

6-45, E-12

7-5-7-8

B-1-B-3, 5-43,

Technicians E-9
During Recompression Treatment

8-21

Salvage Diver E-9 Following Recompression Treat-

ment 8-21

Qualification of Diving Personnel

Qualification Period

Qualifications for Divers

E-1 -E-12 Red Blood Cells 3-5

E-5
Refraction of Light 2-25, 2-26

E-3-E-12 Regulator

Radiation Heat Transfer 2-28
Compressor Pressure 6-74

10 U.S. NAVY DIVING MANUALChange 2



Demand , Diver's Mask USN Mk 1 6-41 , 6-42 Rules, Cylinder Handling 5-6,5-8

Rouquayrol's Demand 1-9
Salvage

Relative Humidity (See Humid- Normandie 1-15

ity, Relative)

Repetitive Dive
7-4

Oklahoma

Royal George

1-15

1-5

Definition of 7-1 Squalus 1-14

Definition of

Worksheet

Repetitive Group Designation ,

Reproducer, Diver's

7-5-7-6 , 7-17 S-51 1-14

Thresher 1-17

7-1
F-4 1-13

S-4 1-14

6-16, 6-80

Requalification , Diver E-5
Salvage Diver

NEC E-3

Residual Nitrogen

Requirements for E-9 , E-10

Definition of 7-1

Saturation Diver

Time, Definition of 7-1

Time Table 7-17, 7-18
NEC E-3

for Repetitive Air Dives,
Requirements for E-7

Selection of 7-2 Saturation , Nitrogen 3-22

Volume

Resources, Diving

3-8 , 3-10

4-11c

SCUBA

Air Diving Operations 5-1-5-44

Respiration
3-8-3-16

Breathing
3-8

Air Reserve Mechanism

Aqua-Lung

Ascent

5-7

1-10 , 1-16

5-37, 5-38

Cycle 3-10

Carbon Dioxide Output

Backpack 5-7

3-11

Control of Breathing

Blowout Plugs 5-6

3-12

Breathing Technique 5-32,5-33

Definition of 3-8

Buddy Breathing 5-36

Oxygen Consumption
3-11

Ventilation
Buddy System

5-34

3-11

Respiratory

Dead Space 3-8

Closed-Circuit

Comparison with Surface-

Supplied Apparatus

1-9, 1-10

4-15-4-19

Emergencies
8-5 Continuous Flow 5-2

Quotient 3-11

Resuscitation 8-1-8-4

Resuscitator, Bag 8-3

Revocation of Diver Designation
E-6

Cylinder

Data

Valve

Decompression

Demand

5-5-5-8

5-8

5-6

5-40

5-2-5-5

Reexamination of Diver E-3

Descent 5-32

Ringer's Lactate 8-4
Diver

Rip Current 4-9

River Current 4-9

Rotary Compressor 6-73

Rouquayrol , Benoist 1-9

Roylyn Pressure Gage ,

Calibration of H-2

Safety

Checklist

General

Planning

Ship Repair

Precautions

4-30

J-1-J-5

F-1

4-30

Communications

NEC

Pre-Dive Inspection

Preparation

Requalification of

Requirements for

Diving

Equipment

General Characteristics

Procedure

Double-Hose Demand

Dressing Procedure

Equipment Preparation

5-34, 5-35

5-24, 5-25

5-24-5-31

E-6

E-11 , E-12

5-1-5-16

A-16

5-31-5-41

5-2a- 5-5

5-24-5-28

5-22, 5-23

E-3
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Field Maintenance

Fleuss Apparatus

5-43

1-9

Ship Repair Safety Checklist
F-1

Shock, Causes of 3-6

Hand Signals
5-34, 5-35

Shock Waves 3-24

Hazardous Equipment 5-15 , 5-16

Hose and Mouthpiece Clearing 5-33

Shoes , Deep-Sea
6-7

Knife and Scabbard 5-11 Side Block Assembly, Diver's

Leaving the Water
5-40

Mask USN MK 1 6-22

Life Preservers

Manifold

Le Prieur's Apparatus

Maintenance and Stowage

Minimum Equipment

1-10 Siebe, Augustus
1-4

5-9
Signals

5-41-5-43
Hand, Winch 6-86

5-6, 5-7
Line-Pull 6-81 , 6-83

4-16, 5-1

Warning
4-6

Mouthpiece 5-5

Open-Circuit
1-9 , 1-10 , 5-2-5-8

Single Dive, Definition of
7-1

Demand , Approved Equip-
Single Repetitive Dive , Defini-

tion of 7-2
ment List 4-21

Optional Equipment
5-12-5-15

Sinus

Post- Dive Procedures 5-41-5-44 Node 3-6

Pre-Descent Surface Check 5-31 Squeeze 3-18

Preparations for Diving
5-16-5-31 Causes of 3-18

Protective Clothing 5-12-5-14 Prevention of 3-19

Semi-Closed Circuit 1-9
Skip-Breathing

5-33

Single-Hose Demand 5-2-5-4
Slates 5-14

Surface Swimming 5-31

Surfacing
5-40

Tending
5-36

Sliding Vane Compressor

Snorkel

6-73

5-15 , 5-42

Underwater Solids , Molecular State of 2-2

Procedures

Swimming

Water Entry

5-32-5-37

5-34

Sound , Underwater

Sources , Diving Air

2-26, 2-27

5-18, 5-19

5-29

Weight Belt

Specific Gravity
5-10

Workingwith Tools

Definition of 2-9
5-36

Gases 2-9

Screening of Diver Applicants E-1
Human Body 2-9

Sea
Water 2-9

Lion 1-5

Snake

5
5 Spitcock

1-10
Helmet 6-4

State

Chart

C-2

C-1-C-3

Maintenance 6-16

Use 6-87, 6-88

Urchin I-10

Spring and Stem Type Nonre-
Sealab II 1-11 , 1-17

turn Valve 6-3

SEAL Team 1-16

Squeeze 8-7

Searching on the Bottom 6-88

Secondary

Definition of

Ear and Sinus

3-18

3-18

Air Supply Requirement 6-72 Face or Body 3-20

Emergency Kit 8-45 Lung (Thoracic) 3-19

Second Class Diver, Tooth 3-19

Requirements for E-10

Separators , Compressor
6-75

Standard Air Decompression

Table 7-8-7-15

Shark 1-1-1-3 Selection of 7-2

Shipboard Air System 6-78 Standard Lightweight Mask
6-42
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Stage

Decompression

Diving

Line

Compressor

Job Site Procedure 6-89

6-69 Lightweight Diving Outfit 6-21 , 6-41

6-84, 6-93

6-69

Pre-Dive Checkout

Post-Dive Procedures

6-84

6-94

6-74 Tending 6-91

Stillson , George D.
1-13

Underwater Techniques 6-87-6-89

Stingray

Stowage, SCUBA

Strangulation

1-6 Surfacing, SCUBA 5-40, 5-41

5-41-5-43
Swimfins 5-11 , 5-42

3-15,8-5, 8-6
Systems of the Body

Straps , Breastplate 6-4 Circulatory 3-2-3-7

Digestive/Excretory 3-2
Stud

Interdependence of 3-2

Bastard 6-5
Muscular 3-1

Collar , Breastplate 6-5
Nervous 3-1

Subcutaneous Emphysema 8-12
Respiratory 3-2, 3-8-3-16

Submarine Flask 6-76 Skeletal 3-1

Suit Squeeze 8-7 Systolic Pressure 3-6

Support Tasks , Establishment of 4-11-4-14

Craft, Diving 4-21-4-24 Temperature

Equipment , Diving
4-23

Equivalents A-5

Surface Surface Effects 4-5

Air Supply System 6-73 Water (See Water , Temperature)

Checkout , SCUBA
Wind Chill 4-5

5-31

Conditions 4-3-4-7
Tender

Decompression 6-94, 7-5 Intercommunications 6-79

Table using Air 7-19, 7-22, 7-23 Responsibilities of 4-26, 4-27, 6-91

Selection of 7-2
Tending

Table using Oxygen

Selection of

Equivalent, Definition of

Interval , Definition of

7-19-7-21
SCUBA 5-36

7-2
Diver on Surface 6-84

2-20, 2-21

7-1
Tenure, Diver E-5

Line 5-14, 5-15

Swimming , Deep-Sea 6-84

Swimming, SCUBA 5-31 , 5-32

Surface-Supplied

Air Diving Operations 6-1-6-94

Thermal Considerations in Diving 8-8

Thoracic Squeeze (See Lung

Squeeze)

Thrombocytes (See Platelets)

Tidal

Diving Operations , Pre-Dive Current 4-9

Checklist K-1-K-4 Volume
3-8, 3-10

Surface-Supplied Diving
Timekeeper, Responsibilities of 4-27

Accessory Equipment 6-69
Toolbag 6-70

Ascent 6-93
Tools

Deep-Sea Air Diving Outfit 6-1-6-20

Descent 6-85
Working with SCUBA 5-36

Diving Equipment 6-1-6-81
Working with Surface-Supplied 6-89

Diving Techniques and Procedures 6-42-6-94

Dressing Procedure

Entering the Water

6-12 , 6-33, 6-54

6-84

Equipment

Maintenance

Preparation

Tooth Squeeze , Causes of

Toricelli , Evangelista

Tourniquet

3-19

2-7

8-4a

6-16, 6-40, 6-44, 6-64 Toxic Levels , CO₂

6-84

6-71

Trachea 3-8
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Training , Diver

Training of Diving Personnel

Transporting
Recompression

Patient

Treatment

Non-
Recompression Emergencies

Recompression (See Recom-

pression Treatment)

E-4
Venous

Hemorrhage
8-5

E-1-E-12
Ventilation

Flow Requirements
8-398-16

Helmet
6-85

Lung 3-11

8-5-8-11 Recompression Chambers
8-38

Requirements of
6-70

Viewports, Helmet
6-2Tables ,

Recompression
8-23-8-29

Visibility
Typical Total Air Dive Durations

4-14
Surface

Requirements
4-7Unisuit

5-13, 5-14 Underwater
Requirements

4-9Underwater

Vital
Capacity

3-8, 3-10Conditions
4-7-4-11

Volume
Adapting to

5-37

Equivalents
A-3

Demoliton Team , Formation of
1-16

Formulas for
A-1

Physics
2-1-2-28

Tank
Requirement

6-73
Definition of

2-1

WaterEnergy
2-1-2-4

Matter

2-1 , 2-2 Entry, SCUBA
5-29 , 5-30

Procedures, SCUBA Exit
5-32-5-37

Swimming, SCUBA with SCUBA5-34
5-40, 5-41

Visibility
4-9 with Surface-Supplied Air

6-93
Underwater

Photographer Temperature

Effects on Diver
8-8

NEC

E-4
Effects on Diving

4-9, 4-10
Underwear

Effect on Heat Loss
3-17Deep-Sea

6-6 Vapor
Maintenance

6-20 Characteristics of
2-15Valve

Control
6-71

Air Control
in Gas Mixtures

2-21-2-23

Partial Pressure ofDeep-Sea
2-226-8

Standard Lightweight Mask
6-22 Wave Action

4-5
Exhaust

Weightbelt

Deep-Sea
6-3

Deep-Sea
6-6Standard Lightweight Mask

6-22 SCUBA
5-10Flutter, SCUBA

5-3, 5-4
WeightsNon-Return

Deep-Sea Decompression Stage
6-696-3

Standard Lightweight Mask Descending Line
6-696-22

with Mk 12 OutfitSCUBACylinder
6-485-6

Setting for Ventilation of Welding Faceplate
6-70

Chambers

8-38 Wet Suit
5-13

Side Assembly, Diver's Mask
White Blood Cells

3-5USN MK 1

6-22 Winch Hand Signals
6-86

Spitcock, Deep-Sea
6-4

Wind Chill
Temperatures

4-5
Variations in Rate of Ascent

7-2-7-4
WorkVeins

3-5
Definition of

2-2
Velocity Equivalents

A-4
Equivalents

A-4Vena Cava
3-5

Wrecks, Working Inside
6-88

Venomous Fish

1-5
Wrist Compass

5-15
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