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FOREWORD

The material in this book, based on the latest and
most authentic references available, has been compiled
and published by the Training Office of the Puget Sound
Navy Yard. It is to be used primarily in vocational
training of civilian divers, second class, and as a ref-
erence for standards for requalifying men with a diver's
classification now employed in the Yard and for enlisted
personnel being qualified as divers, second class.

In the absence of a test that completely covers
Navy standard equipment and operations, this material
has been brought together under one cover and the sources
of authority are: the Bureau of Navigation Manual;
Bureau of Construction and Repair, Diving Manual, 1924;
Bureau of Construction and Repair, Submarine Safety,
Respiration, and Rescue Devices, 1938; Advanced Mine
School Course for Divers, Second Class, Charleston Navy
Yard; letters from, and information compiled by Deep-Sea
Diving School, Navy Yard, Washington, D. C., and Bureau
of Construction and Repair Manual, and Sea Power,
magazine of the Navy League of the United States.

Local factors will influence the strict application
of the principles involved, but the suggestions given
will cover almost any condition. The present emergency
emphasizes the necessity of keeping abreast of new de-
velopments and changes in the equipment now in use.

Although new techniques and methods have been de-
veloped for diving operations, a diver must still take
all possible precautions in his work. THERE IS NO SUB-

STITUTE FOR SAFETY.

0. D. ADANMS
1t. Comdr., U.S.N.R.
Training Officer
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CHAPTER I

So you want to be a deep-sea diver?

Contrary to public opinion, the dangers and thrills
of diving are not what they are popularly supposed to be.
Even such perils as the "bends," the "squeeze,"™ or carbon
dioxide-oxygen poisoning are being eliminated through
training and supervision. But the one implacable enemy
of the diver, the enemy more deadly than all the sharks
and octopuses in all the oceans, is the lead-weight pres-
sure of the water in which he works. It is a sleepless
enemy, waiting only for a moment's carelessness to crush

its vietim. With his modern equipment the diver can easily

match its strength, but he can never conquer it. The
pressure is always there, waiting. And when he enters
into its territory, he does so under an armed truce; his
weapons are the diving suit he wears and the schooling he
has received at diving school.

If you plan to attend a diving school; such as the
Puget Sound Navy Yard Diving School, you must be between
twenty and thirty years of age, neither too tall nor too
short, (since diving suits come only in three sizes), and
a volunteer. And you can not be more than twelve pounds
over the normal weight for your height, for it has been
found that overweight men are far more apt to get the
"bends" than wiry men, since fatty tissue absorbs more of
the dangerous nitrogen bubbles than either muscle or
sinew.

If you can qualify and your application is accepted,
you will, on reporting to the diving instructor, be given
a thorough medical examination, then conducted to the
compression chamber for a test of your ability to with-
stand pressure.

You will see a large gray-painted cylinder, eighteen
feet long and six feet wide, with room inside for eight
students and an instructor. Stepping through the entrance
hateh, you first pass through a small outer lock, then in-
to the main lock where you find benches along either side
and an impressive array of valves and dials overhead.

While you are examining the dials, the instructor
enters and dogs down both hatches behind him. He phones
or knocks once with a mallet against the steel sides of




the chamber, as a signal to those outside that everything
is in readiness, and then reaches overhead to open a valve.

After you hear the hiss of compressed air, the needle
of the pressure gauge moves slowly upward to 3, 4, and 5
pounds. The temperature begins to rise and you perspire.
You wonder if you will be able "to take it." The needle
goes on--6, 8, 10 pounds--enough pressure so that your
ears feel clogged. The instructor tells you to swallow,
You do, and your ears "open up” with a Pop.

You remark on this to the student sitting next to you.
When he answers, you notice that his voice has a curious,
high sound and that his face is beaded with perspiration.

When the needle stood at 2, the pressure did not seem
to be strong. In fact, it was scarcely noticeable. Yet
at two pounds of bressure to the square inch, all of you
men inside the chamber could not have opened the entrance
hatch so much as a fraction of an inch. To budge it you
would have had to exert a pull equal to the weight of the

ton of air pressing against it. Now you are beginning to
learn what the word "pressure" means.

At last the needle touches 40. Your throat is dry
from Swallowing to open your ears and you feel a little

peiuliar, but you have passed your first test with flying
colors.,

The instructor raps his mallet against the outside
wall, three taps. The hiss of the air dies down for a
moment till the instructor opens another valve, then starts
up again. But now the air is "bleeding" out and the pres-
Sure needle is falling rapidly. As it drops, moisture in

the air condenses. The glass in the deadlights of the
chamber fogs up; the air grows misty and chilly.

Eight More Minutes To Go

At figure 10 the bressure needle halts for what seems

Then it drops
ure 5 and pauses there for five more
The hateh, which could
ed a few moments earlier, swings open
ed hinges now that the needle stands on
you follow the instructor out of the

like a long wait, perhaps three minutes.
swiftly to the T

chamber feeling considerably elated by the knowledge that
you have withstood the compression about which you have
heard such fearsome tales--tales of hcw it makes ink
squirt from fountain pens, breaks closed bottles, and
causes men to become teuwiporarily "slaphappy." You suspect

that these teles were ~rxagzerated, and yru begin to lose
your fear of pressure.

Soon, you le2arn that to withstand a 40-pound pres-
sure in a lighted chamber in company with & group of
others is one thing: to be underwater alone and confined
in a diving helmet, dependent for your life on the watch-
fulness of the men who are pumping air down to you and
handling your life-line, is something else again,

Your first dive will be in twelve feet of water.
You will make it in full "regalia." After you have be-
come thoroughly accustomed to wearing your diving dress
and movingz about in it under water, vou will dive as deep
as ninety feet.

In preparation for your first trip tc the "beotton®
you pull e pair cf hsavy woolen tizhts over your regular
underwear an? wear hcavy wool socks on your feet. These
will not only keep you werm but will also prevent. chaf-
ing from the stiff diving dress.

Next you put on the diving dress which is composed
of & layer of India rubber between two lavers of heavy
twill cloth, Helpers lace up the backs of the legs of
our diving outfit to prevent the air pressure from mak-
}ng them "balloon® out, since too much buoyancy in the
legs would topple you over. Then vou put on your shoes.
Soled with leed and copper, they weizh seventeen and =
half pounds each. A six-inch belt, weishted with oblong
lead slugs and weighing 83 pounds, is strapped around your
waist, and a heavy leather harness is placed over your
shoulders. The harness has a leather strap that passes
under your crotch and buckles in front., Its purpose is
to keep the helmet from floating off your head.

You are now carrying 136 pounds of equipment and are
ready for the breastplate and 54-pound helmet. You step
over to the diving ladder and descend a step or two.

Safety ILine Prevents Accidents

A safety line is fastened to.you to prevent any such
accident as befell a commercial diver who, forgetting that




his helmet was not on, stepped off the ladder and nearly
drowned before he could be rescued.

The helmet is quickly screwed on and you hear *he
click of the safety key, designed to keep the helmet from
coming unserewed accidentally. Now there remains only
the faceplate to be closed before you are entirely sealed
in. But first you test your telephones, air valves, and
other instruments to make sure everything is working prop-
erly. When everything has been checked, the faceplate is
closed and the safety line taken off. You are ready for
the descent.

You go down slowly and give yourself plenty of time
to get accustomed to everything. 1In your nose is the
smell of metal polish and of rubber; against your ear-
drums beats a continuous noise, the hiss of air coming
into your helmet, the roaring as it escapes through the
tiny openings of the exhaust valve. ;

You descend another rung, then another, and you look
at your surroundings curiouslgro It is as if a pigoe of
;3:1 ggne gag;e hu?g ovgr the front of your helmet. But

oug ere 1s this distortion
the rungs of the ladder., LT TR VN

On your first dive you will be down in only twelve
feet of water. But as S00n as you become fullyy;ccus—
tomed to your new cutfit and feel at ease on the bottom
you will go to greater and greater depths.

The instructor is holding a stop-watch in his hand
to be sure that you do not stay downplong enough to ggt
pPressure happy,® for if you are ninety feet down, the
g:ter will be pressing against every sguare inch of your

ving dress with a weight of forty pounds, and only the
;ounterapresaure of the air inside your suit keeps you
Tom being erushed, As a result, your senses soon be-
gggglguiiggg bYou lose somg of” your normal efficiency.
: ecome more stren

coordinating your movements, O R

After many weeks of ‘study, of workshop t |
raini !

ggigg divers® tools, and of di;ing practibg at lesggrin |
ptas, you will be given assignments to carry out under-

water. One of these ass
hydrogen torch. tetmsntd will te to isy ag kil

—ﬁ

As you stand on the bottom, completely surrounded
by water, your subconscious mind tells you that it is
impossible for fire to burn under water.

But the instructor's voice comes over the phone,
saying, "On the bottom. Go to work." After adjusting
the valve on the torch, you signal for the igniter cur-
rent to be turned on. Cautiously you strike the arc.
Hydrogen bubbles out around the carbon tips of the ig-
niter. A blue-white arc flashes, the torch is lighted,
the flame incredibly blossoms into being. 7You touch the
flame to metal and watch the metal curl. It is actually
melting--underwater! Of course you know that the air jet
creates a bubble about the flame which prevents the water
from extinguishing it, but still there is something mag-

ical about it.

Other tools you must learn to use underwater are the

hammer and chisel, the sledge, hacksaw, and air hammer.
And you must learn to calk, patch, and weld. In addi-
tion you will learn to fasten loose piling, inspect ship
bottoms and propellers, rig pontoons, and retrieve lost
articles. You will also learn how tc do flange work,
how to excavate, and how to fit pipes under water.




CHAPTER II

Qualifications of Divers, Signals Used,
Dressing and Tending

The extreme importance of the following material
that pertained to diving made it advisable to present the
information exactly as it was stated in the BuTeau of
Navigation Manual.

(Article D-5327, Bureau of Navigation Manual).
D-5327. QUALIFIED DIVERS (C.B.N.M. 3)

(1) Qualified divers are divided into three classes:
(a) Master Divers.,
(b) Divers, first class.
(c) Divers, second class.

(2) Master divers are the most competent leading
divers. They w e designated "Master Divers™ by the
Bureau of Navigation. Any diver, first class, may be
recommended by his commanding officer to the Bureau of
Navigation for the designation of "master diver" who -

(a) Has served at least one year with the
designation of "Diver, first class."
(b) Meets the following requirements:

(1) Has qualifications of diver, first
class,

(2) Averages 3.5 in efficiency in diving
and as leader of men during the pre-
ceding year.

(3) Is able, while on the bottom, to di-
rect two or more divers in their
tasks.,

(4) Is able to take charge of a diving
operation in an efficient manner.

(5) Understands all types of air compres-
sors habitually used in diving oper-
ations,

(6) Has knowledge of what a ship fitted
for compressed air diving operations
should carry and has a practical
kKnowledge of air system,

(7) Understands the principles of Boyle's,
Charles's, and Dalton's laws and the

theory of saturation and desaturation
of body fluids and tissues.

(8) Understands the different forms of
calsson disease and treatments required
and the conditions under which oxygen
poisoning occurs.

(9) Has a thorough knowledge of the effects
of such poisonous gases as may be en-
countered in diving upon the respiratory
system and is familiar with approved
methods of treatment.

(10) Understands the various factors which
contribute to the contraction and
severity of caisson disease, and from
the basic principles of decompression
laid down in the Diving Manual is able
to devise proper recompression and de-
compression tables for the treatment of
caisson disease,

(11) Is recommended by the faculty of the
deep-sea divers' school, Navy Yard,
Washington; D. C., for master diver
designation.

(3) Divers, first class, trained, qualified, and
designated at the deep-cea diving school, Washington,
D. C., must have the following qualifications:

(a) Qualifications of a diver, second class.

(b) Must have completed satisfactorily the
course at the deep-sea diving school,
Washington, D, C.

(c) Be able to withstand pressures equal to
200 feet of water.

(d) Be able to dive and accomplish work to
depths of 150 fecet of water.

(e) Be able to use hand and power tools under
water.

(f) Be able to operate under water the gas and
electric underwater cutting torches.

(g) Underctand in detail the operation and
care of the machinery and apparatus re-
quired for underwater cutting.

(h) Be able to compute the pressures of zases
required to satisfactorily opersaste the
gas underwater cutting torch at varjous
depths.

(1) Know the dangers that are associsted with
the use of 3uch gases.

(J) Know underwater seamanship and how to sling
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and lift heavy weights.

(k) Know how to wash and reeve lines and to
sweep wires and chains under submerged
objects.

(1) Be able to enter a vessel with discrimina-
tion as to ability to get out; but only
supervising officers will plan and decide
on this.

(m) Know how to make air connections to dif-
ferent types of submarines.

(n) Know how to ventilate compartments of sub-
merged vessels and make them habitable.

(1) Be able to recognize the symptoms of cais-
son disease.

(4) Divers, second class, may be trained, qualified,

and designated on board any naval vessel or at any naval
station having the proper equipment and competent officer
personnel for efficient and safe instruction. They must:

(a) Be physically qualified in accordance with .
the manual of the Medical Department. :

(b) Understand the care, preservation, and use '
of all equipment, such as pumps, hose,
helmets, suits, etc.

(¢) Know how to test out, repair, and ad just
all equipment, such as hose, pumps, dresses,
helmets, breastplates; valves, etc., and
determine whether they are safe for use.

(d) Understand the use of and be able to use
storage compressed air and air supplied
from power-driven compressors.

(e) Be expert in dressing and tending a diver.

(f) Know the diving signals thoroughly.

(g) Be thoroughly familiar with the theory and
practice of decompression and have a de-
tailed knowledge of the decompression table
and how to use it.

) Understand resuscitation and first aid.

) Be familiar with the contents of the

)

)

Have knowledge of the physics of diving.
Know the methods employed in recovering
objects from the bottom and the precautions
to be used in recovering such objects as a
charged air flask or a torpedo.

(1) Know how and when to use the recompression
chamber.

(m) Be able to equip a boat for diving.

Diving Manual. I

(n) B§ able to anchor a diving boat in wind and
tide.

(o) Be able to remein at depths of 30 feet for
at least 1 hour, 60 feet for at least 30
minutes, 90 feet for at least 20 minutes,
and make actual progress along the bottom
simulating searching for objeects.

(p) Be able to estimate an underwater situation
and give an intelligent description of the
same,

(q) Be able to care for and operate the Navy
standard oxygen breathing apparatus.

(r) Be able to assist a diver, first class, in
depths up to 90 feet.

(5) Only master divers and divers, first class, will
be permitted to dive to depths greater than 90 feet, ex-
cept at the deep-sea diving school at Washington, D. C.,
for requalification, and in emergencies, of which the
senior officer present shall be the judge.

(6) In the selection and training of men for divers,
commanding officers and examining boards shall be guided
strictly by the Navy Regulations, the Diving Msnual of
the Medical Department, and current instruction.

(7) No man shall be allowed to dive until he has
been given the physical examination outlined in the Man-
ual of the Medical Department.

(8) All diving operations shall be under the personal
direction of a qualified officer who shall maintain a
close contact with the medical officer in order to elimi-

nate accidents.

(9) The designation of any master diver or diver,
first class, will lapse upon the expiration of 6 months
from date of last gqualificatiom, if during these 6 months
he has not made four dives in water, each dive to a depth
of not less than 150 feet, and remain under water, from
the surface to the beginning of the ascent, as follows:

Depth in feet: Time
150 to 168-=---veccene- 15 minutes
168 to 250-=cccccc—c-x 10 minutes

If the designation should lapse, an entry to this
effect will be made in the service record. A man whose




designation has so lapsed shall not be permitted to dive
again until requalified, except for requalification or
in emergencies, of which the senior officer present shall
be the judge. This requalification may be made at the
nearest ship or station which is equipped with personnel
and equipment to safely conduct same in accordance with
subparagraph (3), provided that the designation has not
lapsed continuously for more than one year. If more than
one year, permission to requalify must be obtained from
the Bureau of Navigation, which will designate the place
where requalification will be made.

No man shall be redesignated a master diver except
by the Bureau of Navigation., No man shall be redesig-
nated a diver, first class, except by the Bureau of

gavégation or the deep-sea diving school, Washington,

(10) The designation of any diver, second class,
will lapse upon the expiration of 6 months from date of
last qualification, if during these 6 months he has not
made 4 dives in water, each dive to a depth between 60
and 90 feet, and remain under water, from the surface to
the beginning of the ascent, 20 minutes.

EXTRA COMPENSATION ALLOWED DIVERS OF ALI CLASSES
Article D-5326(3), Bu. Nav. Manual.

An enlisted man, who is designated a master diver,
a diver, first class, or a diver, second class, in ac-
cordance with article D=5327, shall receive ray, in ad-
i%gio? to thedpay angtallowances of his rating and serv-
n accordance with t
i follows: he act approved April 9, 1928,

(a) Master divers, $20 per month as long as desig-
nated as such and detailed or assigned to the
duty of diving; plus 5 cents per foot of total
depth for dives over 120 feet, or equivalent
gressure, but not to exceed $10 per month; plus

L per hour for each hour or fraction thereof
while employed in diving in actual salvage
operations in depths over 90 feet.

(b) Divers, first class, $15 per month as long as
designated as such and detajled or assigned to
the duty or diving; plus 5 cents per foot of
total depth for dives over 120 feet, or equiv-
alent pressure, but not to exceed $10 per month;
plus $5 per hour for each hour or fraction there-

=l -

of while employed in diving in actual salvage

operations in depths over 90 feet.

(c) Divers, second class, $10 per month as long as
designated as such and detailed or assigned to
the duty of diving; plus $5 an hour for each
hour or fraction thereof while employed in diving
in actual saslvage operations in depths over GO
feet in emergencies, as provided for in article
D-5324(5). This extra pay will accrue to divers,
second class, only when regularly attached to a
ship or station to which divers, second class,
are authorized by the Bureau of Navigation cir-
cular letter. The number of such divers, second
class, drawing this extra pay must not exceed
the number of divers, second class, authorized for
the particular ship or station. Divers, second
class, while employed in diving in actual salvage
operations in depths over 90 feet in emergencies,
will receive $5 an hour for each hour or fraction
thereof while so employed without application of
the above restrictions.

(d) The following men shall, in addition to the extra
compensation authorized by (a), (b), and (c) of
this paragraph receive such additional compensa-
tion as shall bring the total extra compensation
to $30 per month. ,

1., Divers, any class, assigned to duty with
Experimental Diving Unit, Navy Yard,
Washington, D. C.

2., Divers, any class, or qualified submarine
men, assigned to duty in connection with
the submarine escape training tanks at the
submarine bases, New London, Conn., and
Pearl rarbor, T. H., not to exceed five men
at each of the above training tanks.

SIGNALS FROM TENDER TO DIVER

1-Pull. Are you all right? (or when diver is going down
it means STOP).

2-Pulls. You have come up too far; go back down until we
stop you.

3-Puuls. Stand by to come up.

L-Pulls. Come up. :
2-1 Pulls. I understand you; or answer the telephone.

o, 1 et




SIGNALS FROM THE DIVER TO THE TENDER

1-Pull. I am all right.

2-Pulls. Lower, or give me slack.

3-Pulls. Take up my slack.

4-Pulls. Haul me up.

2=1 Pulls. I understand; or answer the telephone.

SEARCHING SIGNALS

1=Pull. Stop and search where you are,
2=-Pulls. Go straight ahead.

3-Pulls. Go to your right.

L-Pulls. . Go.to your left.

ATIR SIGNALS

2 Pulls, More air.

2
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 m s
L=L4=L Pulls, Haul me up. ey

SPECIAL SIGNALS FROM THE DIVER

2-1-2 Pulls. Send me a slate.,

When the tender receives thi
will answer it with 2-1-2 anad stop off a si:tzigga%ﬁehe
lifel;ne and air hose; when this is done, he will give
the diver 1 Pull. The diver will haul down until he gets
the slate; he then gives the tender 1 Pull, When the
diver has used the slate, he gives the tender 3 Pulls:
and the tender hauls up the slack until he gets 1 Puli

from the diver. which will
been hauled upf slgnify that enough slack has

1-2-3 Ppylls, %gnd me a square mark.
#hen the tender receives this signal. he
w%ll answer i@ with 1-2<3 Pulls., He then stopsggff’a
gezgefof_buntlng on the life line and air hose about ten
3 rom water’s edge; when this is done, the same rou-
ine is carried out as for sending down a slate.

5 Pulls. Send me a line,

o Y L

NOTE :

All signals will be answered as they are received
between tender and diver. When answering or giving sig-
nals, all slack shall be taken up in lifeline and air
hose until diver can be felt before signal is given. "The
proper method for giving a signal is to use a gentle,
distinct pull.

Special signals in addition to the above signals
may be made up between diving officer and diver to take
care of any salvage operations which may ocecur.

DRESSING AND TENDING

Two men are generally detalled to dress and tend
each diver. The diver removes his shoes and puts on the
heavy woolen socks. He may also don such heavy woolen
underwear as he desires. At least the usual uniform
trousers and shirt should be worn to prevent chafing the
skin by the dress.

The diver sits on a stool near the ladder or stage.
The tenders assist him to pull the dress over his legs.
When his feet are in the dress, he stands up and puts his
arms into the sleeves. The tenders pull the dress over
his hands and 1ift it over the shoulders. The diver then
pulls the crotch of the dress up as far as possible when
the tenders lace the legs. If the dress has cuffs, the
diver should dip his hands in soapsuds before placing his
arms in the sleeves so that his hands will slide into the
cuffs. It may be necessary to use cuff expanders to get

~the cuffs over the diver's hands.

Each tender puts on a shoe, with the diver either
standing or sitting. The buckles of the shoes should
face outward. The shoes are laced tightly and laces
buckled under the straps.

With the diver seated, one tender places the breast-
plate pad on the shoulders and pulls the bib up over it
while the other tender slips the breastplate over the
diver's head. The collar is pulled up over the breast-
plate in front and then the holes are slipped over the
studs, starting in the middle of the back and working
along both sides to the front. The diver assists by
raising both arms. To prevent cutting the dress, copper
washers are slipped over the studs where the joints in
the breastplate straps come. Then put the straps on,

Liga o




being careful to place each in its proper position,
Flanged nuts are put on the studs at the strap joints, a
thin nut on the long stud for the control valve link at
the lower part of the left front strap, plain nuts on all
other studs. The nuts in the middle of the straps are

set up with T wrenches first; then the nuts over the strap

joints are set up. One tender then tests all nuts with

the wrench, finally removing the nut for the control valve

link. While working on the breastplate, one tender grasps
the breastplate Just under the diver®'s chin to protect

the diver's face, Then he puts on the wrist straps ir
gloves are being used.

The tenders c¢ross the belt shoulder straps and each
takes one end of the belt and the middle of a shoulder
strap. They place the belt against the diver's abdomen
and lead the shoulder straps over the diver®s shoulders,
The shoulder straps cross above the lower front stud of
the breastplate, pass outside of the top stud on each
shoulder, cross again above the lowest stud in the back,
and buckle to the belt in the rear. The loop in the Jock

strap is slipped over the belt in the rear and the belt
buckled, :

The diver stands up and the jock strap is drawn be-
tween his legs and buckled to the bolt in front. The
Jock strap should be tight enough to hold the slack out
of the legs of the dress and loose enough so that the
diver can just move the breastplate by raising his shoul-
ders slightly. The diver can assist by bending forward
and by placing his left hand over the control valve stud
on the breastplate to protect the tender. Then snappers
are put on if the dress has cuffs.

A life line is placed about the diver's body and be-
layed conveniently by & tender to prevent the diver fall-
ing overboard. The other tender grasps the breastplate
under the diver®s chin and assists him to the ladder.

The diver climbs down the ladder until his head is in a
convenient position for putting on the helmet. The pumps
should then be started if diving from hand pumps.

The faceplate of the helmet should be closed loosel
whenever the helmet is handled. To piek up the helmei, {
clear the lifeline and air hose, lead lifeline over the
left port and the air hose over the right port to the
front of the helmet., Then lift the helmet by the side
ports, holding the lifeline and hose in place. One tender
slips the helmet over the diver's head from the front and

Srlh -
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sorews the helmet tight, while the other tender holds

the breastplate steady on the diver’s shoulders. As soon
as the helmet is on, he opens the faceplate. The helmet
is locked on with & gate over the tumbler. The cotter pin
through the gate should be spread sufficlently to prevent
its working out. The lifeline is dipped under the diver's
right arm and fastened on the right fromt of the breast-
plate. The air hose is dipped under the diver’'s left arm.
The control valve link bracket is slipped over the lower
left stud on the breastplate and bolted on tight with the
bracket extending straight out over the edge of the breast-
plate. The hose is then fastened on the left front of the
breastplate.

As soon as the helmet is on, the diver should test
his telephone. He should also test his air supply as
soon as the control valve is rigged in place. When the
diver indicates that he is ready, the faceplate is closed
tightly and the diver is given the signal to enter the
water by two taps on the top of his helmet.

After the diver enters the water, he is held Jjust
below the surface for a few seconds to insure that his
equipment is working properly. When he is ready to de-
scend, he gives the signal and the tender allows him to

go down.

In tending a diver, keep the slack out of his life-
line and air hose, but avoid pulling on him. During the
descent, give him line as he takes it, being prepared to
hold him if he stops, or to pull him up if he S0 signals.
Be prepared to catch and hold him if he falls. The tend-
er next to the rail should keep careful watch of the
diver and his bubbles, and he should meke all signals.

At least one other tender should hold on to the lifeline
and air hose to back up the first tender.

enders must keep themselves in position to pull on
the l$rgline and air gose {nstantly and therefore should
stand -inside the rail where they can brace themselves.
Where the rail is wide or high, it may be necessary for
the tender next to the rail to sit straddle of it in
order to see the diver. He should always keep his leg
loecked under the inside of the rail and his outside foot
braced so that he is in position to teke as much strain
as possible without danger of being jerked overboard.

All signals must be answered with the same signal to

L




indicate that the signal has been received and is under-
stood. The telephone is a very valuable means of com-
munication, but pulls on the lifeline and air hose are

the primary means of communication. Signals on the life-

line and air hose should always be given in addition to
the word passed on the telephone.

Transmit signals on the lifeline and air hose care-
fully. A heavy jerk may bang the diver’s head or face

against the helmet, pull him about, cause him to lose his

hold, or throw him off balance In haulin

1Cc8 . g a diver to
the surface, start him up slowly. A sudden upward pull
might cause him to blow up, since the air in his dress
will expand as his depth decreases.

When the diver blows up, take in the slack as quickly

as possible, deflate the dress by closing the control

valve and by opening the exhaust valve if necessary, then

send him back down at once if he 180l right. It %s

necessary to take in his slack immediately because if the

dress should burst, or the diver mana

g€e to deflate his
dress, he will drop and get a Squeeze. In blowing up
the diver will frequently break his Jock strap or losé a

shoe. If he breaks the Jock strap, the helmet and breast-

plate will be forced over his head ITh
. e loses a s
he may be forced to remain head down in the water, igoe,

whi :
dreggoposition he will drown if there is any water in the

Keep kinks and turns out of the lifeline a
hose. Flake them down in figures of eight as tgg :i:ck
cgmes in and keep everything clear. Avoid chafing or
Ehnching the life line and air hose. The attention of
e tenders must be concentrated on the diver, and they

ing other duties Other men in the 3
b1 vieinit
quiet and avoid interfering with the tenderg.must "

Lack of bubbles coming from the di
ver or a sud
i;gge quantity of air coming up may indicate somethggg’
rong with the diver. Under Ssuch circumstances it is
broper to exchange signals to ascertain whether or not

the diver is all right If no
o answer
the emergency signal and haul him up. i (AR plre

Except in an emergency, do not h
aul the diver -
;ggsthe answers the signal Eo come up. He may be rgglgg
© pull on him may make the situation worse,
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Always give the diver the decompression required by
the standard decompression table., If he has been working
hard under water;, or if the conditions under which he has
been diving have been adverse, regard the time underwater
as being inecreased proportionally and decompress him ac-
cordingly. If the diver has been under pressure previ-
ously during the same day, his decompression should be
for the total time under pressure for that day.

A diving stage, a boatswain's chair, or a bowline
should be provided for the diver to sit or stand on at
the first decompression stop. It may have to be weighted
to make it sink and should be shackled to the descending
line so that it can be run up and down the line:; while
the diver is being decompressed, the lifeline and air
hose must be tended carefully and with practically no
slack in order to catch him if he should lose his hold
or fall,

When the diver comes up the ladder a convenient
distance, put the lifeline around him and secure it.
Open the faceplate; then cast loose the lifeline, air
hose, and control valve from the breastplate, and dip
them out from under the diver®’s arms, one at a time.
Remove the helmet and assist the diver to the stool. Re-
move the lifeline and snappers if they are used and then
unfasten the jock strap and remove the belt. Remove the
shoes and wrist straps if they are used. Unbolt the
breastplate and remove by pulling collar over the studs
in front and then off the other studs,; working along both
sides together to the back. Remove the pad and unlace
the legs of the dress., Pull the diver'’s arms from the
sleeves of the dress before removing the dress from the
diver's shoulders. One tender then stands behind the
diver, passes his arms around the diver’s body and holds
him while the other tender pulls the dress off his legs.

Where it is necessary to decompress the diver in a
recompression chamber, only the helmet, belt, and shoes
are removed as quickly as possible and the diver rushed

into the chamber.,

When the diver is lowered into the water and hoisted
out with a diving stage, he is fully dressed before he
steps on the stage and none of his equipment is removed
until after he steps off the stage. It is not necessary
to use a lifeline to prevent the diver falling overboard
and drowning, but his lifeline and air hose must be care-
fully tended to prevent his falling. The stage must be




kept level and should not be permitted to bump against
the side or anything else; since the diver may be thrown
and injured, at least to the extent of wrenched muscles
and bruises,

DIVING

The dgver himself should observe all the details of
the operations performed by the tenders who dress him
and check their work in order to assure himself that he
is properly dressed and assisted.

The diver must not attempt to walk about with the
breastplate on unless he is assisted by a tender grasping
the front gf the breatplate under the chin. It is very
easy for him to fall, especially with shoes and belt on
and this help from a tender may prevent the diver cutting
his face on the breastplate or otherwise injuring himself.

As soon as the helmet is placed on the breastpl
ate
test the air supply by opening the air control val\Ir)e° A
The pumps should be started before the helmet is put on
if diving from pumps. Before the faceplate is closed,

test the telephone by talking to the
having him reply. g telephone tender and

~ Close the exhaust valve all the wa
t Y and then open it
3 times. This should give proper ventilation at al§ depths.

WWhen the fraceplate is closed crack th 3
valve to ventilate the dress sligﬁtly. wﬁiieaégecgggng
p}ate is closed, never shut off the air control valve
tightly. If the exhaust valve is a trifle stiff. the
dress may inflate so much that the diver's moveménts are
hampered, in which case ne bresses the chin valve as
much as necessary to exhaust the excess air,

The control valve is Operated with the left
hand.,
Eg %a;e more air come to you, turn the valve toward you:
: ake excess air away from you, turn the valve away .
rom you. "More air - to me, less air - away." Never
close the controi valve compietely. |

Water?wo taps on the helmet tell the diver to enter the

As his body is lowered into th
e water, the div
X%ilbngtige that his dress is pressed tighély againzi
0dy by the weight cf the water. When the water

~ i &

level reaches the helmet, the diver will find it 4iffi-
cult to breathe because he must expand his ribs against
the water pressure around his chest. If he then opens
the control valve to increase the air pressure in his
helmet until it equals the water pressure at the depth
of his lower ribs, he will be able to breathe easily and
normally because the air pressure in his lungs will be
equal to the water pressure around his chest. The upper
portion of his dress will then be inflated Jjust enough
to buoy the weight of the breastplate, helmet, and belt
off his shoulders. If the dress is inflated too much,
the resulting excess buoyancy will make it very difficult
for the diver to handle himself underwater and may cause
him to float to the surface.

When the control valve is not opened far enough, the
breastplate will press down on the shoulders and the
dress will press on the ribs, making it difficult to
breathe. If the air pressure in the helmet falls below
the water pressure, the water pressure on his body may
force a little blood from the diver's ears and nose.
This is a common occurrence with inexperienced divers.
The lack of sufficient buoyancy in the dress will force
the diver to carry more of the weight of his equipment,
tiring him out quickly. The lack of air flowing through
his helmet will also cause insufficient ventilation.

After entering the water, the diver should stop for
a minute or two with his helmet just below the surface
and check his equipment. He should adjust his air con-
trol valve so that the dress is sufficiently inflated to
just take the weight of the helmet and breastplate off
his shoulders. This adjustment of the control valve with
the helmet exhaust valve open 3 turns should give sufficient

ventilation at all depths.

When the diver is satisfied that he is ready and
has given the signal to descend, he grips the control valve
with his left hand and slides down the line, adjusting his
air supply with his left hand as he descends. He should
avoid swinging around the descending line, thus getting
turns of his lifeline and air hose around it.

It is desirable to get to the bottom as quickly as
possible. More time is then available to do the work on
the bottom and the decompression time is shortened. The
speed of descent is controlled by clinging to the descend-

ing line.

ity ) > SRS




Speed of descent should be controlled by the diver
at all times. For various reasons it may be necessary to opened.
slow up the descent or even to stop on the descending
line. The air supply may not increase quickly enough to
keep up with a too rapid increase in the dress, the diver
may have trouble clearing his ears and sinuses, he may
become dizzy, an obstruction may be encountered, and the X 3
danger of a fall is always present. Going down too fast : , A leak in a dress below the helmet is not normally
will cause dizziness and if a diver arrives on the bottom | serious. The diver may find it uncomfortable, but as
in that condition, he can do nothing efficiently until long as he can keep the water out of the helmet by keep-
his reactions are again normal. The deeper the depth, ing upright, he is in no danger. . At any time that a

the longer it will take for the dizziness to wear off. diver finds it impossible to get upright, such as from
loss of a shoe, he should come up.

the windows in the helmet and by the diver tiring easily

|

Lack of ventilation will be manifested by fogging of |
and breathing heavily. l
|

|

It is usually easier to clear the ears going down on
a descending line than it is in a recompression chamber
or diving tank. It may be necessary to stop or climb
back up a few feet to equalize the pressure in the ears.

Next to a fall, a diver is endangered most by blow-
ing up. Under such circumstances, he comes to the sur-
face with no decompression. As his dress inflates, the
diver's arms and legs will be extended rigidly by the
dress so that he 1s unable to help himself. The jock
strap may carry away, shooting the helmet and breastplate ‘
over the diver's head, The shoes and belt may come off. i

hose, the slope and characteristics of the bottom, the If the dress bursts from the air pressure, the diver will Il

R ) ° - 8 ( o f
osition of his 4 i drop to the bottom again, with an excellent chance o
ﬁelp. i escendi?g ey A ol Eolin N 1), drowning or of being squéezedo Blowing up is most apt to |

occur when working either prone or in a strong current.

_The iner should always endeavor to keep his sense
of dlrecFlono Observation of the light, the current, ;
objects in the vicinity, the tend of his lifeline and air l

Keeping the lifeline and air hose clear at all times
will prevent fouling. By remembering his movements on
thifbggtgm, ghelgiver can frequently readily clear him-
se e shou become foul, The most common t i
of fouling are due to getting turns of the lifeligg :gges e mustdgse A lniggi gioggzzgiggiiiséog% wZiﬁy
air hose around the descending line, the lifeline and B TR A0EORD i

3 : $ - late it so that they
hose of another diver / . with a minimum of air. They can regu
s or the decompression stage. can float on the side of a hull.

A diver must practice the close regulatign of. his |
air supply and his buoyancy at every opportunity. He =
must learn to aveoid using more air than necessary; yet

Under heavy exertion, 3 turns® opening on the ex- | .
s ' - h ob as quickly as possible, get ;
giuit vaéve.may not prove sufficient ventilation. Under S wg?kdégiggfagidig tagdjtake cgre oF NiuraclT.  No ohe |
ch conditions, the diver may find it desirable tc open 1 e Rt s eiactly what conditions are confront- :

the exhaust valve more and increase his air supply ac-
cgr@inglyo 4 diyer working in other than an upright po-
sition may find it necessary to decrease the amount of

ing him so he can depend on no one but himself.

After landing on the bottom, the diver should remain

air in his dress. To ciose the o ( ‘

will reduce the ventil;%ion in thgnﬁgiiezalvgnggg gﬁgg A s e l%ne ?orsa iﬁgegg ggcﬁgfgiagimgéifa%g |
conditions, the exnsust ; 1 be ’ gL L S gk |

g b ’ valve should be pppned more chan the préssure in case he has become at all dizzy during ﬂ

dizzy
the descent. Some men have a tendency to become
: during the descent, others at certain depths, and a few |

The spit cock serves two purposes. It can be opened men grow gradually dizzy after they are on the bottom. |

to supplement the exhaust valve in releasing air from the

dress. By inclining the helmet so that th i | i |
P e spit cock is | 1 conserve his strength and avoid get- |
ig:zé Eggsbslg%ntly bullglng up the air in the dress, ; Sk ?n%;vg§f§?gﬁigieg o melias A1T His mewetbate dniiic |
e own out of the nelmet when the cock is | era%e By planning each move in advance, he can accom-
I
LI0 ... | I T
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plish more work with greater safety to himself. The div-
er should avoid getting frightened or excited, since use-
less struggling or rushing about will exhaust him and may
make a bad situation worse. "In a tight spot, stop to
rest, and try to figure an easy way out." A diver nust
first be sure of his own ability to do the work and to
take care of himself. Secondly, he must have confidence
in the ability of his tenders to assist him.

The control valve should never be closed tightly by
the diver. This valve has a rather coarse ad justment and
should be opened or closed slowly. In diving from a hand
pump, the control valve may be left fully opened. It

should turn rether stiffly so that it will not move easily

if the hand-wheel rubs agalnst an object.

The exhaust valve may become fouled by silt so that
it does not operate properly. In this case, use the spit
cock as an exhaust valve, Chin valves of old type exhaust
valves without the nonbow-up feature can be pushed only
as far oven as the exhaust valve is already open.

If the ailr supply fails, the diver should close his
exhaust (ané spit cock, if cpen) and signal to be teken
up. There is enough air in the dress to supply his needs
for at least eight minutes, The safety valve will prevent
the air from leaving via the hose, o

A diver having his lifeline and air hose badly fouled
cen be freed by having a second diver remove the fouled
hose from the first diver and connecting a clear hose to
Fne control valve of the rirst diver. A manila lifeline
1s then attached to the fouled diver and his o0ld lifeline

cut. It is, of course, better for the second diver to
clear the fouled diver if he can,

If the helmet leeks, no water will enter if the
diver can get in such a position that the leak is at the
lowest part of the helmet., With a broken faceplate, the
diver should lean over forward or lie down, so that’the
air in his helmet will keep out the water,

: In diving in shallow water where there is no curr: at
dzvors.sometines find it easier to work with a "half-belt?"
which is made by removing some of the weights from a
Tegular belt, taking the same number from each side. Not

ggir four weights of a 10 welght belt are removed as a
e,

s e

The diver should always carry a knife. It is often
valuable for cutting lines and the diver may need it to
clear himself. -

By cutting off his shoes or his belt, a diver can
float himself to the surface, even though his air supply
has failed. The resulting loss of weight will float him
to the surface. In slipping the belt, get clear of the
belly band first and then the shoulder straps. As soon
as the shoulder straps are clear, the helmet is apt to
shoot over the diver's head.,

While going down, the diver may be affected by pain
in the ears, in the sinuses, hollow spaces in the bones
around the eyes, and sometimes in the teeth. Normally
the air passes from the throat to the inner ears via the
Eustachian tubes, equalizing the pressure on.the ear
drums. These tubes can be opened by swallowing, by yawn-
ing, or by holding the nose shut and blowing except when
they are closed from inflammation. If the pressure is
increased sufficiently in spite of the pain, the ear
drums will be ruptured. They usually heal readily with-
out affecting the hearing but the inner ear may become
infected, which will be harmful to the hearing. When the
passages from the sinuses to the nose are closed, they
may sometimes be opened by snorting or plowing the nose.
Excess pressure on the outside of the sinuses may cause
a hemorrhage into the cavities, or even collapse the wall
of the sinus, causing danger of 1nfe<_>tiono Teeth which
ache under pressure indicate loose fillings or other de-
fects and should be repaired by a dentist.
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CHAPTER III

TESTS AND CARE OF DIVING EQUIPMENT
(Bu. C. & R. lManual, paragraph 3633).

All outfits of diving apparatus furnished to a ves-
sel shall be kept ready for immediate use,

Spare parts of diving apparatus not required for
probable immediate use shall be kept in a suitable store-
room and when drawn for use shall be replaced by new ones
at the earliest practicable opportunity.

All diving apparatus on board
cally inspected once each month. At this inspection the
efficiency of the diving air pumps shall be proved and
recorded in the ship's diving log book; the amplifiers
shall be tested by connecting the cables to batteries and
helmets and talking over them; each outfit shall be in-
spected as to its completeness and serviceable condition,

and the condition and quantity of the spare parts shall
be looked after.

ship shall be criti-

All diving apparatus, except spare parts, shall be
inspected once each week for cleanliness, condition of
stowage, ete. In connection with this inspection, the
diving air pumps shall be hove round severasl times;
helmet valves, faceplates, and fittings looked after;
amplifiers tested; diving dresses inspected rfor dampness,
and aired; dirty woolens washed anag dried; oil separators
cleaned, ir necessary, and the lufer filters washed in
hot water and dried; diving knives and their cases, all
tools and metal fittings cleaned and lightly ciled; diving
shoes, belts, etc., attended to: lengths of air hose that
have been coupled together a long time shall be parted, the
coupling threads lightly oiled, and the wushers looked
after; the interior of all chests cleaned of any oil,
grease, or dirt and if the apparatus has been in use, the

contents of each shall be checked over to see that they
are complete,

When it is 'known that the commanding officer is about
to inspect the parts of the ship in
is stowed, the apparatus shall be co
for his inspection;
covers opened, and
as he may require.

which diving apparatus
nveniently arranged

be unlocked, the
exhibit the contents

all chests shall
men standing by to

APPROXIMATE WEIGHT OF

U. S. NAVY STANDARD DIVING EQUIPMENT
Weight of helmet------ e SAl lasu
Weight of shoes (each)---~wua-oo - e ] 7R ?
Weight of belt--------vmvemm e i ko e ?%; 4
L O dressS---——-------oeaa b o e sl l¢62 i
Weight of gear on RIERELY o S Wiere e i Aerrer o0 3
Weight of 50 foot length of air hgseﬁ%:=cﬂ&&—< 22l i
Weight per foot of lifeline, sennit---=~c---c- e
Weight per foot of lifeline, rubber-----—-———--- . 5 i
Weight of Mark III, Navy Standard Pump=---—----- lOO i
Weight of Test Tank-—------ec—emmee——__ T T lzg 3
Telephone outfit, new style-------c-momu-nuono

CHARACTERISTICS (OF 2-CYL. DOUBLE-ACTING AIR PUMPS)

except Mk. II and MK.

i ittings is .83 cu. in.
i nnections and flt?lngo ;
S I I, Mod, 1, which are 45 cui,  ii

_25..

aj ’ is- |F t Valved
\ re Strokdq 'Cyl.CapiliTheor . Cis gron
ggp e B?n % 20 1l rev. revs. tern |door
in in Tigl for
cul HE S e
inches it e
10
atmos ‘ 7
I Morse | 3 7/8 6 20T S 9.33 low low | Morse
I-T | Morse 'k 6 29643 8.75 low low | Morse
T2 ga g WANPRUIPE BN Ko
I-2 Morse | 4 6 296.3 g.75 |Jrai g Sy
; low low Schra-
TT Schra-| 4 6 29€ .3 8.75 o
der
- g raised highv Stand -
TI-I | Schra-| 4 6 296.3 LTS S
der
1 Bk Stand- |Stand- | Stand-
b givyd A L. 2 ard ard ard
and . -
d , T




Capacity of 50 ft. length of hose, 1/2" inside diam-
eter, is 117 6w i "Inciesl

Specifications for a new Mk. III pump:
80% efficient at 100 1bs./sq. in. and 30 D S
Pump *for ‘1 -hour at 160 lbsU}sq“ in., and 30 r.p.m.

Efficiency in .per cent = 100 x Theoretical number
revolutions to build
up test pressure.
Actual number Trevo-
lutions to build up
test pressure.

Except in an emergency, diving to depths in excess
of 72 0LEU should Mot be attempted with a Mark hand pump.

Maximum practical speed for a hand pump is about
30 r.p.m. This figure decreases as the depth increases.

FORMULA FROM DIVING MANUAL
Minimum Air Supply Required by Diver.

S =143 "x L1 (Fe £ 0303))

S is the required minimum air supply measured in cu.
ft. per minute at atmospheric pressure.

F = depth in feet. 5

Note: Pressure per foot depth in salt water is .LL5 =
-0303 atmosphere. 7

DIVER'S AIR SUPPLY FROM FLASKS:

Allow 1 atmosphere from flask to charge volume tank
hose, etec. ’

™ * o~ ° s
furnish 4.5 cu. ft. per min. air to each diver.

Keep a reserve of 200 lbs, sq. in. of 15 atmosph
over pressure at depth. 4 2 pheres

Minimum.of 3 flasks to be used; one not to be used
execept in emergency.

In depths over 120 ft.. a stand by boat equsi L
. i
at least 3 flasks to be at hand. ! SRR, WL LR

Dyration of air supply in one flask=C(A-(15/ BE£ 1)
T Wk R i

e

C is capacity of one flask in eu. £t

A 18 atmosphere's excess bressure in air flask,
D is number of divers. ~

s R . o
gaés atmosphere's excess Dressure to which dive is
nade .

EFFICIENCY OF DIVING AIR PUMP

CP
R = I
T
Per cent efficiency = 100 R
X
T is theoretical capacity of pump in cu. in. per

revolution.

P is test pressure in lbs. per sq:. in. gauge.

C is capacity of test tank, air hose, and pump fit-
Lings. dn: el. in .

R is theoretical number of revolutions required to
charge test tanx to P.

X is number of revolutions actually required to
charge test tank to P, found by averaging results
of at ‘least 3 trials.

OPERATION OF A PUMP TO FURNISH MINIMUM ATIR SUPPLY
2592
N

FOG xR0k b AeB s E.03033 )

B
D is depth in feet.
E is efficiency of pump.
N is capacity of air pump per revolution at atmos-
pheric pressure in cu. 1in. d
R is number of revolutions per minute required to
furnish 1.5 ocu. £t.. per min.,; orz2692 eupbingupes
min., at atmospheric pressure.
X is number of revolutions per minute required to
furniah L.5.eu. £ty per:min. 84D

R

X

POWER-DRIVEN COMPRESSORS

The air must be as pure as possible. ;

Use smallest quantity of oil with highest possible
flash point to lubricate cylinders. ¢ ¢

Air supply must be adequate for a rellgf diver.

Auxiliary means of air supply must be 1gstantly
available in case compressor fails. Either an
accumulator of adequate capacity or a separately
powered compressor must be availablg_

Supply each diver with 4.5 cu. ft. air at a pres-
sure 30 to 50 1lbs. in excess of pressure at depth.

b ke L T,




Power-driven compressors usually have the capacity
stamped on the nameplate If not, it may be computed
from cylinder dimensions and r.p.m. In multistage com-

pressors, the volume will be the capacity of first stage
cylinders.

DEEP-SEA DIVING SCHOOL
NAVY YARD, WASHINGTON, D. C.

PRECAUTIONS TC BE OBSERVED IN THE OPERATION CF THE DIV-
ING PUMP MANUFACTURED BY A. SCHRADER'S SON, INC.

1. When the air pump is to be laid by or lifted
about, unscrew the nut beneath the name plate marked
WYATER DRAWOFF" and draw off the water from cistern to
prevent corrosion.

?0 Sheould it become necessary to take any part of
the air pump apart, care must be taken to replace the
parts according to the marks.

3. Use neatsfoot oil in the pistons (supplied by
means of the pet cock on top of the cylinder cover).

C?re must be taken that this cock is kept closed after
of lainec

! L. A. The bottom valves can be examined or re-
paired by leying wing nuts.
B. Remove the air chamber covers which are held
by hexagon cap screws.
C. The suction and outlet valves can then be
;emoved with a monkey wrench. The operating parts of
both valves are interchangeable. When the operating

part is useq on the suction valve, the brass spring is
reversed and a nut and pin added.

£ o S 1 keep the cylinders cool, water must be occa-
glong;ly supplied to the cistern, which is done by pour-
ing it into the funnel on the back of the pump box, with
the nameplate marked on the door of the funnel "waﬁer

supply." The best results can be obtained from the pum
; , " mp -
by keeping the water at 60 degrees F. 3 s

6 If the air pump has been lai 7 !
05 i ) aid by and works hard
Egur 1n?o the cistern some warm water which will warm S
e cylinders and soften the oil around the piston.

i tg‘ The cylinder covers must be removed when repair-
g the packings or plunger cups. A "piston tool" accom-

g .

panies each outfit and is used in putting the piston back
into the cylinder after repaliring..

8. When the air pump is required for two divers,
the control lever should be placed to the left-hand s%dg9
marked "one cylinder."™ When one diver is to be supplied
with air in deep water, the lever should be placed on the
right-hand side marked "two cylindexrs."

9. Before starting to use the pumnp on any occasion,
see that each and every bearing is prop?rly oiled before
starting; the oil cups on the main bearings and crank
shaft bearings must also be inspected carefully before
using the pump.

10. When the pump is o be laid by, the steel pgrts
should be rubbed well with vaseline or other heavy oil
to prevent rusting.

11, The pump is soO arranged that @he oil Whl?h is
not absorbed gy Ehe various packings will gath?r 1n—tpe
drain plate in the bottom of the pump ngv ThlSnbO§hlSld
supplied with a special plug through Whlcg the 01% shou
occasionally be drawn off. DThe top of this plgg is Si >
arranged that it can be entirely screwed out of the plate.
After drawing off the oil, be sure 1O serew the plug 1in

tight.

he pump should be started before the diver's
face%iéteTis gloged. The speed of the pump should ?agﬁ
be permitted to drop below the speed galcula@ed t%be r=
nish the minimum air supply for the diver. erep ]
pump Tunning until the diver 18 out of the water.

i a t+ts of the pump are
13. Make certain that all parts O ) ar
tiphtBand can not come loose. The handles and flywheels

must be well secured .

14 Keep all loose gear clear of the pump SO that -
it cannot foul the mechanism and stop the pump.

19 The pump rust always be lashed do¥n before lzne
ol S Securing

i kies are the best means Ol 2

is used. Turnbuc a

pump .

TVING DRESS AND ATTACHING
JOTES ON PATCHING DIVIRNG DnﬁSu AN
< r CUFFS AND GLOVES

To apply a patch. cut a patch of the desired size

e




and shape from a piece of patch cloth; rounding off all
corners. Remove loose fabric or other material and old
rubber cement from the area of the dress to be covered by
the patch. Usc an abrasive, such as sandpaper, to roughen
this area; then clean it with gasoline or carbon tetra-
chloride. Strip protective cloth from patch and clamp patch
flat to a board with heads of thumb tacks in such a way
that tacks do not pierce the patch. Apply at least three
coats of rubber cement (Goodrich No. L cement is recommend-
ed) to both dress and patch, allowing each coat to dry
until it is tacky before applying the succeeding coat.

Use a brush and do not touch the cement with fingers.

When the last coat of cement is dry enough, lay the patch
on the dress and press it dowvn firmly or tap with a wooden
mallet, working from the center to the edges to remove all
air bubbles and wrinkles.

To attach gloves. With the dress right side out,
tightly place a wooden plug in the sleeve, Loosen the
lower part of the elbow patch and fold it back. Measur-
ing from the bottom of the sleeve, prepare a 2-1/2" sur-
face for patching. Cut ofrf the gauntlet of the new glove
as follows: Remove the heavy edge only for No., 3 dress,
cut off 1 inch for No. 2 dress, cut off 2 inches for
No. 1 dress. Turn back 1-3/4 inches of top of glove over
the outside of the gauntlet. Slip the glove over the
small end of the wooden plug until it touches the sleeve,
Have the thumb of the glove lined up with the sleeve so
that the glove hangs in the natural position of the
diver's hand. Roughen the turned down portion of the
gauntlet; then apply cement as for batching. Roll the
turned-down portion of the gauntlet up over the sleeve
and press down Titmiys »0dt enough to encircle the sleeve
and have the ends overlap 2 inches. Apply one strip
evenly over the joint between the glove and the sleeve
and replace the elbow bpatch. Turn the sleeve wrong side
Qut and apply the other strip to the inside of the sleeve
in the same manner. Ir possible, the dress should not be

used for twenty-four hours to permit the rubber cement to
dry thoroughly.

To attach cuffs, Clean, and prepare the sleeve of
the dress the same as for gloves, but on the inside. In
other words, have the diving dress sleeve turned inside

out, Proceed the same as for gloves except that cuffs
are universal and there is no right or left hand,

Factory-attached cuffrs are also sewed on, but it

has been fognd that sewing is unnecessary, and a three-
cornered sail needle will cut the rubber and fabric of
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the dress.

If the rubber collar becomes torn, it should be wvul-
canized by an experienced man. Care should be ex?rcised
so as not to overheat when vulcanizing, as this will cause
the rubber to deteriorate.

i ¥ is suf-
When applying cement to rubber, a thin coat
ficieﬂt, but it should be put on thick when used on the
fabric since this material absorbs a great deal.

Dresses are now issued with the co%lais alre:dg
unched. Stud holes will almost never be torn ou e-
gause of the exactness of the punching and the strength
of the ridge added to the inside of the new style collar.

ired by

In an emergency, torn collars may be repa

sewing sides ofgtear'witn small herringbone stitches and
applying rubber cement liberally.

Wt a new dress is received, it is recommended that
the sfzgse lacing flaps be cut off glose to the sleeve,
teking care not to injure the material of thefsleeviiﬁ
These,lacings are of no benefit and may inter*erekw S
the diver's movements. Since the.crgtch and thg tﬁez
the dress receive the most wear, it is sgggeste 1..la b
additional patches be placea at these points on all ne

dresses.
DIVER'S ATR HOSE

Extracts from Bu. C. & R. letter, file 1L2/JJ-33119(VE)
6/19 of 20 May, 1937.

It will be noted from the sp?cificatéons Ehaz g?iffgd
the hose is accepted, representative samp_egﬂa_s ”Eciéfé
to hydrostatic pressure tests of 1,000 pouno...dp:'x:ncéalc,h
inch The bursting pressure Eests ?fgsgogdma 3 privech

- E Wit ands svch tests

ength of hose. ZXven if tpe ose A gt
%itﬁout bursting, the strains set up wefﬁenngépL;ér ﬁge
develop permanent defects nggh iiﬁi:fogé ;féniéi% T
air hose. Present 1ns -] hibif dhen i
?:sgévé?gdiving air hose over three years oldod ;{ziJ?ﬁgglve
of whether the hose is in service or in store during th

period, a gradual reduction in its initial strength is
expected.

invi t that Article 3611
ion is invited to the fac lole 1
(1) o%tzggtéiving Manual does not direct that diving air

e IR0
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hose be retested with this pressure but merely states in
effect that 1,200 pounds was the bursting pressure to
which diving air hose is subjected before its acceptance
from the manufacturer. Subsequent to the printing of the
Navy Diving Manual, this test pressure was reduced in
actual practice and in the specifications to 1,000 pounds.

Ordinarily any diving hose manufactured within the
two years of the date of use should not require retest
before its use, unless it has been cut or damaged in
storage. If it 1s over three years old, it should not be
used at all., If it is tested, the test pressures should
be not higher than those necessary to insure the strength
of the hose for the maximum depth of dive to be made plus
a reasonable factor of safety. Under ordinary circum-
stances test pressures equivalent to seventy-five per cent

of the original proof pressure (250 lbs.) would be suffi-
cient.

NOTE:

Diver's air hose should be tested each time before
it is used. It is believed that this test pressure
should be 1-1/4 times the pressure at which the hose is to
be used, or 1-1/4 times (pressure of depth of dive # 50
lbs. per sq. in.). Air hose must be kept free of oil,
paint; and grease, since these materials will rot the
rubber. Hose that has been cut or chafed should be dis-

ca;dedo Diver's air hose should not be used for any
other purpose,

HELMET
Before using a diving helmet check the following:

1. The non-return, or safety valve, should be
checked for defects and for tightness. One method to
check for Pightness is to invert the valve in a low
pressure air line and hold the end in water to check for
leaks. A simpler method is to attempt to blow smoke back
through.the valve., If the valve stem works smoothly and
thevsprlng is strong enough to return it to its seat and
holds tpe smgke with the low pressure a man is able o
2x§rt with @15 lungs, the safety valve is working perfectly.
This wvalve 18 an extremely important feature of the hel-
met as any interruption of the airT supply will cause the
diver to be squeezed unless the valve is working proverly.

2. The exhaust valve and exhaust tube should be

= 308 o

checked for being clean and the springs for proper.tension,
The valve seat should be clean so that the valve will

seat tightly.

3, The windows should be checked to see that they
are firmly embedded in their litharge seats agd the lenses
not cracked., Putty may be used in place of litharge.

(a) Check the hinge, hinge
pin, and cotter pins for defects. (b) The rubber gasket
and knife edge should be checked. (c) Concerning the
butterfly nut and stud (if rim is not of the countersunk
type), wire the butterfly nut bolt to ?he faceplate to
prevent the nut from sliding off the rim of the faceplate.

L. On the faceplate:

5, The spit cock should work stiff enough so that
it will not accidentally open. Check it for its stop pin
and hole being clear when open.

6. On the amplifier connection, check washers and
see that the connections are made up tight and will not
leak.

7. Check the helmet lock for defects. See that the
safety gate is iIn place.

| - ly all
8. Be sure that the leather gasket seats even :
around andethat it is treated with neatsfoot oil occaslon-

ally.

9. Check the bayonet joint screw threads for burrs
and defects.

i : it and
10. Examine the breastplate studs for proper
see that they have no defects. See that the nuts turg £
freely on them. Loose studs should be sweated in tightly.

t and see that
11. Check the straps for proper fi
their ser;al number corresponds with the helmet.

trol valve for

2. Be sure to closely check the con - fox

defeits and tightness., Carefully ad just the vallf gdck
ing so that the valve will not be turned accidentally. 5
All experienced divers insist that the control valve wor

stiffly.

~ f soapstone;
* e that the diving hose is free o : i
checiBthesieather washers; examine the joints for flﬁmnegs
and see that they are properly clamped. Note date o
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manufacture and if more than two years old or if it shows
much use, test it in accordance with instructions. Wash
out the soapstone with fresh water. See that the leather
washers do not restrict the flow of air.

14. Check the amplifier for operation by testing it.
15, See that the lanyards are in good condition.

16. See that all metal parts ar
and corrosion. P are free of verdigris

17. 1f it is necessary to use oil for -
poses, remove the oil and rub the surface wg%gagigfeggr
rag. After using the helmet, disassemble the exhaust
valve, clean all parts, dry and reassemble them with a
light coat of vaseline on the springs. When not being
used, put the straps and nuts on the breastplate studs.

Keep the helmets on the breast
on the racks. plates and the breastplates

THE DIVER'S COMMUNICATION SYSTEM

The present type of communication system now

used successfully is the Diving Amplifieg Equipmen:ei:ge
:y the Guided Radio Corporation. The use of the two-way
tlxl-ans-ceiver is of great importance because it eliminates

e old style nead_set worn by the diver and makes inter-
:o?%gnication possible without necessitating the diver's
A; llng off his air supply in order to hear. The Diving

plifier Equipment is designed to provide for two-way
cormunication between the tender station on the surface
and from one to three divers on the bottom. In all cases
speech pick-up and reproduction are obtained on the re-
producers, these units being used in both their normal
gapacity as reproducers and as microphones. The sysﬁem
cs normally set up for transmission of speech between all
sgggeg?ed divgrs and the tender. The control panel has
withca ng facilities that permit the tender to converse
el ny one particular diver. Tons and volume controls

e the speech more intelligible since it is picked u
under varying pressure conditions. ' g

The amplifier is housed in a heavy steel
iggagaénted to resist corrosion. The Zontrol ;:iglp%:ted
threeedign t?e front of the case and connection to the
ion ers' cables is made through three receptacles

g the bottom of one side of the amplifier cabinet.
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THE DEEP SEA DIVING HELMET

A CHIN BUTTON

B EXHAUST VALVE STEM

€ EXHAUST VALVE BODY

D BONNET GUARD

E BONNET

F ADJUSTING SCREW

G ADJUSTING HAND WHEEL
H EXHAUST VALVE DISC

The air hose which is stopped (i.e.,
secured, fastened) to a small pad eye
on the left side of the breastplate fur-
nishes the diver with air. The air con-
tr_ol \_'alve, connected to the air line and
within easy reach of the left hand, is
stopped to a long stud on the left side
of the breastplate by means of-a link
bracket. Passing under the diver’s left
arm, the air hose is attached to the
safety or non-return valve placed on the
right rear side of the helmet. The safe-
ty valve prevents air from going back
up the hose in case of an accident that
punctures or severs the air hose. The
only other line to the diver is the com-
munication cable which, being tested to
2,250 lbs., is sufficiently strong to be
used as the life line. The life line is stop-
ped to a small pad eye on the right side
of the breastplate; after it passes under
the diver’s right arm it crosses the air
hose in the back and enters the helmet
on the left rear side. For regulating his
buoyancy, the diver has, in addition to
the air control valve, a valve on each
side of the face plate, viz., the non-blow-
up exhaust valve on the right side, and
the supplementary relief valve or “spit-
cock” on the left side. To prevent the
helmet from being unintentionally de-

_ tached from the breastplate, a safety
“ Jock is placed at the rear of the helmet

in the position shown in detail. The div-
er’s d()uhlc-twill-and-India-rubbcr suit
.is fastened to the headgear by clamps
around the outside of the breastplate
and is made airtight by cight small and
four large wing nuts with the aid of a
«1 wrench. Inorder to do underwater
welding and bu rning, the protective
bronze grating is removed and a Sl)t‘('li‘ll
welder’s supplementary face plate 18
mounted over the usual glass face plate.

HELMET SAFETY LOCK

| EXHAUST AIR ESCAPE CHANNEL
J VALVE STEM ADJUSTING SLEEVE
K PRIMARY VALVE SPRING

L RETAINER RING

M VALVE

STEM ADJUSTING SLEEVE SET SCREW

N SECONDARY VALVE SPRING FOLLOWER DISC
0 SECONDARY VALVE SPRING

’
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stooped or bent position. This brings his exhaust valve
lower ,than 'his back and shoulders. Air will accumulate
in the back of the dress. When the diver straightens up,
the accumulated air flows to the upper part of the d?ess
and expands, thus inflating the arms of the dress and
_ rendering the diver incapable of reaching his air control
The divers’ reproducer or trans-ceiver., which mounts ’ or helmet exhaust valves, and blow-up results, wizh the
in the recess of the diving helmet, has a protective grill attending dangers explained elsewhere in this work.
that covers it and all the metal parts are treated to re-
sist corrosion. Because of the highly compliceted and
restricted nature of a detailed explanation, address all
queries to the Bureau of Ships.

On the other side of the cabinet, arranged vertically, are
the three receptacles for connection to the power for
operation of the amplifier. 1t is designed to operate
from 115 volts D. C., 155 volts A. C., or 12 wolta D. C.
The tender'’s speaker unit is mounted on the cabinet top.

In the past, blow-ups have occurred to even our most
skilled and experienced divers, and the ever-present
thought of the possibility of blow-up causes the average
diver to spend much of his time on the bottom regulating
his air supply. This knowledge ever present in the mind
of the diver at work must necessarily have an adverse
moral effect.

Although the trans-ceiver is a very valuable means of
communication, signaels on the lifeline and air hose should
always be given when the word is passed on the trans-ceiver.

With the non-blow-up type of valve in use the diver
: can inflate his suit and blow up gnlgdifh?e 30 des%zezé
The manually driven air pump has become obsolete W but at no time will the pressure inside S dress

the development of easily transported six to eight horsg- great that he cannot reach his airgiontrolcgrsh;igﬁzt
bower compressor units which readily mesintain about 120 : valves., Therefore, unintentional ow=up i (o}

1bs ~of pressure per square inch in en accumulator tank. controlled.

They are equipped with a governor and two relief or pop-
off valves. Lhe high-pressure gauge indicates the amount
of pressure the divers have in reserve in the volume tank,
and the air regulator is used to regulete the amount of

air being sent to the divers The amount of air is shown
on the low-pressure gauge which immediately follows the
regulator on an alr manifold used for diving. After leaving
the air regulator and passing through the low-pressure
gauge, the air then passes through an oil separator and
thence to the divers. The so-called oil separator is a
filter that keeps oil and water from reaching the diver
through his air supply line. This is necessary because

when air is compressed, the change in temperature causes a I PRt e Chin Button.

THE DIVER'S AIR SUPPLY

The operation of the non-blow-up type, helmet ex-
haust valve is essentially the same and adjustments are
made in the same manner as in the o0ld type. The major
difference is in the introduction of a secondary spring
which permits further opening of the valve, regardless of
the setting, when the air pressure of the helmet exceeds
two pounds pressure per square inch.

The valve is shown in figure one and the parts are
designated as follows:

condensation on the inside of the volume tank and since

moving mechenical parts need to be lubricated, the diver @ |} = (Ce=-ce=oe-- Exhaust valge body.
should not be further hendicapped by being forced towork [} @ = De-eeeeec-- Botmey Snare.
gnder any more unfavorable conditions than are necessary, f AT by iﬁ?ﬂ::ing serew
G h o | S 1 B .
€., with o0il and water inside his helmet ‘ Shtalcyeta Adjusting handzgheelm
2 ) - ETRCER Exhaust valve SC.
DIVING HELMET EXHAUST VALVE R Exhaust air escape channel.
One of the principal dangers that the diver must guard Jocormmm e Vaive stegliiagsiiﬁg sleeve.
2gainst is the possibility that the over-inflation of his § """"""" ggtggigrvring 7 5
ress will cause him to blow up 1t 18 MOSC BBt tooceur ™ = SIEE Bz O liLesssseiene : i
wh;nithe diver is frequently changing his position and re- g-'“"”j‘:§2§g§d§§§mg§i$§sZ;??nzligfioizi 3?23?'
malning for several minutes at a time on a AT SRS Secondary valve spring.
S L
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GENERAL NOTES ON DIVING

Before going down, the diver should understand the
exact conditions under which he is to work. He must know
exactly what he is to do. It is best to illustrate his
work on a drawing or sketch if possible.

If the diver finds that he cannot proceed a i

: . : { I cecordin

to his 1nstruct}ons, he should stop where he is and in—g

ggrmtghe §ugerv1igr of the circumstances. The supervisor
n then inform the diver as to what he i

new circumstances. oy g o e

; Because a diver works under handicaps, ¢

his work as possible should be done befoge’h:sgggghdgan
He should not be expected to exert himself to move heav§
objects or to walk long distances on the bottom. His
tools and gear should be selected with care to insuré
that they are the most effective and efficient for the
work to be done underwater. It is dangerous for the div-
er to work on a long scope of lifeline and air hosé The
tenders can then be of little assistance to him, i% he

blows up, a very large amo
qUicklycs g unt of slack must be taken in

Skill and judgment in rigging will assist ive

Eg a very great extent. His descending line shgﬁiddigﬁg
im as close to his work as possible. Heavy weights
shou%d be moved by lines from the surface. In wgrkgqv on
?osh%p; one or more hggging lines will enable the di%ér
“bri gﬁ fga;ps?athe bllge or to stay around the propellers.
;omé . r; iolp.omhull will be‘facilitated if a stagze of
OSP4 oy v e o
24 S : 3 ink. ladders s S ma

excellent stages since the diver can keep higggi?egnmEEZm

by thrusting his legs through th
hands free for his work. St A S C I &

When it is necessary to heav '

: : e on any lines from -

21d?é bring tb? diver to the surface first. This wilfop

E;vg; any p0531b111ty.of injuring or fouling him. While
ver is down, mooring lines and anchors should be kept

secured under all cirecumstances.

Divers have been injured while workine suspended
f?omea crane. At no time should a diver work with any
+ rigging led to power machinery. ZIither a misunéerstood
glgnal or the accidental cperation of such machinery could

s

S

pility might shift or become

Ccare must be taken that
jects are not dropped on the
and air hose.

easily result in a serious accident.
be required to work around any lines which by any possi-

Divers should never

taut. It is also dangerous

to be around heavy material which may move.

tools, lines, and other ob-
diver or across his 1ifeline

When sawing off piling, or under any other

circumstances where objects might topple over on the div-
er, such objects should first be secured from topside.
Make certain that the propellers and rudder of a ship can

not possibly be moved while the diver is down.

It is

best to bring the diver to the surface when ships or boats

approach the locality of diving operations.
for heavy swells and washes from passing vessels.

time.® While a diver is und
be permitted in the vicinity
assist the diver with whatev
and these should be under th

. diver should never pa
he should go over OT around
to be pulled up, he may be h
bottom and the surface 1t hi
under an object. Therefore,

If the diver loses his

his descending line, h
pull him up. It would be &

either line.
the descending line,

line again.

by a diver.
stays on the downstream

which he stirs up will
see. A judicious lead
rigging may gain some advan

Strong currents will p
even reaching the bottom.

A slight current can some 2 3
Its flow will give him direction. f
side of his work, the sediment

be swept clear,
to the descending line and other

Be prepared

An excellent general thumb rule for working under

water is "Do not try to do more than one thing at a
no activities should

er water,

except those necessary to
er he is doing at the time
e diver's control.

ss under an obstruction, but
it. If he blows up OT has

ung up part way between the
s lifeline and air hose lead
a diver should not cross

under the keel when diving on a ship.

distance line oI cannot find

e should signal TO nis tenders to

waste of time to search for

By leading the 1ifeline and hose close to
the diver may find the descending

DIVING IN CURRENTS

times be used to advantage
If he

permitting him to

tage from the current.

robably prevent the diver from
The bight swept into the de-
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scending line will make it difficult to follow the line
down. The bight of the lifeline and air hose will drag
heavily on the diver, and he may be unable to even pull
himself down. The pull of the lifeline and air hose may
sweep the diver off the bottom, causing him to blow up.
Because the current may be less toward the bottom than
at the surface, the diver should always attempt to get
down and get the work done.

The lifeline and air hose can sometimes be used by
the diver to anchor himself on the bottom. The weight
of a few feet carried along in his hand, or the bight
from the surface resting on the bottom may help. Under
no circumstances should the lifeline and air hose be made
fast to anything, nor should the diver attempt to lash
himself down. Additional weights on the belt or a second
belt may weight the diver down. A weight carried by hand
might help the diver to move about.

When working in a current, the diver should make
himself heavier than normal. The exhaust valve should
be opened more than the usual amount instead of cutting
down on the air supply with the control valve. Diving in

a cur.ent is hard work and the diver will need plenty of
ventilation.

The effect of the current on the diver's body will
be in proportion to the area which he presents to the
force of the flow. By lying down or turning his side to
the stream the smallest possible area will be presented

to the current. 'To move along the bottom, it is best to
crawl.

SEARCHING

Searching for lost articles on the bottom constitutes
a large portion of diving work. The position of the lost
object should be estimated as closely as possible and the
descending line put down at this spot. If an area of any

size must be searched, several buoys will be needed to
mark off the ground céveredo

The diver should move away from the descending line
against the current, then circle to the right or left,
moving with the current. When the current is very strong,
it may be impossible for the diver to move against the
current to any extent. In this case, the diver must make

g;ig circles on the downstream side of the descending

LR 4

Even when weighted with small strips of.sneet lead
wrapped around the line, the circling line will not catch
objects lying close to the bottom. Such material can be
found only when the diver himself makesocontact with them.
Objects buried in mud or sand can sometimes be found by
the marks which they have left on the bottom. A lance
can be made to probe in the mud for large objeects. It
should have a lanyard six or eight feet long, bent on to

the butt end.

It is occasionally suggested that the diver be towed
from a boat when covering large areas to Dpe searched.
This obviously would be a very dangerous procedure under
the most favorable circumstances. ;t is mgcn better gg
shift the boat and the descending line, bringing the diver

up for each shift.

th a hard smooth bottom, no our;g‘ent9 and depth of
waterwébout 150 feet or less, & good qlver should ?ave
no trouble making a complete circle w1§h.150 f?ilo gt
distance line. LesSs advantageous conditions gl §§gds
the diver to use a shorter scope. When the d gei.s nasy
the o- ject of his search, he should alwgys ben ;
tance line to it at once to prevent losing it again.

hould call for
When the bottom 1is soft,.the diver s
a little slack in the descending line’and then gggiagg:
descending line weight upside down to pgld his di
1ine as far down in the bottom as possible.

i t to the object, the
\fter the distance line is ben
diverAhay find it easlier tz pgll tgel%g::eggin%hiinge
to him. Necessary toolsS an
::i%hgown the descending line directly to the object.

ight of their

divers sometimes use %hglgiVer SEROLE bn
bottom.

ding line after he reaches
The tenders slack away and then tend theddescegiizgl%ize
by hand The diver moves away trom the escigne X
wzight °holding the bight of the descendixlngcirclés il
at the,proper distance from the weight, tze L %akes
the object being searched for is found, ol oIS
a turn around it with the descending line i ettt Yhd € pecn
the tenders to take up the slack. The hoo P

After the
sent down the descending

t
s attached to the object,
gzggegggggiline clear, the tenders take up tne slack,

and the diver returns to the surface on the hook rope.




It is recommended that the lost object be located by
dragging for it if there is any possibility of finding it
by this means. A drag can cover a much larger area than
a diver can in the same time. With a limited number of
divers available, it is better to save them until they
must be used rather than to exhaust them in extensive
Search operations. Under no circumstances should drags
be used within a very wide distance of the diver: the

farther away the better. Divers can be very easily fouled

by a drag line with dangerous consequences.

It is necessary to use Plenty of scope on the drag
line; roughly three times the depth of water is generally
about right. The arms of the grapnel should be long
eénough to insure that they will hook over the lost object.
Weights on the drag line ahead of the grapnel will help
to hold the drag on the bottom. The boat should run as
slowly as possible or drift with the current because too
much headway will cause the bight of the drag line to
1ift the drag from the bottom. Byoys should be used to
mark the area to be searched and the ground that is

covered. When the object is hooked, its location must be
buoye ° for the diver,

An electric drag can be used effectively to locate
metallic objects, especially iron or steel. It can be
prailed behind a single boat over a rough bottom or towed
11 a span between two boats over a smooth bottom.

DIVING FOR WRECKED PLANES

_The wreckage of a plane bresents special hazards and
difficulties to a diver. The debris may be badly twisted,
tangled, and scattered over a wide area. Pieces of ragged
metal and the ends of wire and metal parts ecan entangle
and produce severe cuts on the diver.

VHacksays and heavy wire cutters are convenient tools
to have available when working on plane wrecks.

.. .The structure of a plane makes it difficult to attach
lifting lines to bring the wreck to the surface. If
hoisting slings or eyes are accessible to the diver, they
are generally the most satisfactory for attaching lines.
Ngxt best are the engines or the heavy parts of the en-
glne mountings. It may be necessary to use the heavier
members of the landing gear and wings next to the fuse-
lage. Sincg the weight of a plane in the water is less
than the weight of the same plane out of the water, it

may be possible to bring the plane up to the surface of
the water with a light rig, where heavier slings can be
put on to hoist it clear of the water.

The diver should lose no opportunity to Trecover
papers, books, bomb sights, and other material which may
be of confidential nature or ot great monetary value.
Notebooks and papers from the wreck may also be of value
in determining the cause of the wreck.

If gasoline is floating on the water, no open flames,
no smoking, or anything else which may ignite it should
be permitted in the vicinity.

TORPEDO RECOVERY

A diver should always approach a submerged torpedo
with caution. Sometimes a slight jar or movement of the
torpedo will start it running again, or moving the start-
ing lever may have the same effect.

lashed. If
The propeller lock should be put on and

no lock ig ag hand, a plece of small size manila may be

used. The stop valve should be closed with the torpedo

tool made for that purpose.

ily damaged,
Since the after part of a torpedo is eas :
torpedoes should always be hand}ed so that the after
bodies and tails suffer no strains or bumps.

i i i diver should
ter leaving the descendlng.llne, the '
procegg slowly, e%amine his immediate surroundings as
he proceeds, and report ang wreckage gragzstrgzgégguig;ly
countered, or parts damaged or carrile % e
d in order to safeguar e
wreckage that should be remove : il )
diver. He must always pass over lines : J
tew turns of air
never under them. He ought to carry a i
to prevent a sudden
hose and telephone cable on his arm 4
him to lose his balance.
pull from the deck causing e g oz 1
is best to allow the hose and ca ; ;
i t allow it to pile up;
bottom behind him, but he must no e s
ble should be sighte Tre
this portion of hose and ca \ g gl A
. n passing any standing objec A
gzggtlgtanghign, etgo, the underwag;r wo;?gr12¥§thgggp
{ i on -
nd the side passed on, 1l.€.,
égdgiproceeding, it must be on his right-hand :;dgu ¥
returning. When entering a wreck, or passing roug

t and should never
t always proceed feet firs
ggggiithgom?ircg_gﬁgﬁlders and breastplate through first.

Forgh s D




A team of three divers has proved to be the most effective
while working inside a submarine. No. 1 man carries the
tool bag; No. 2 man carries the light and assists No. 1
man; No. 3 man remains outside at the hatch to tend No. 1
and No. 2's hose and cable.

A diver should always be sure that he thoroughly
understands his task before making the dive. He should
never deviate from his instructions without first obtain-
ing permission from the deck.

SENDING MATERIAL DOWN TO THE DIVER

In salvage work, too much attention cannot be given
to the subject of sending material, tools, ete., down to
the diver. His stay on the bottom is limited and his
vision is never better than fair. The use of his hands is
often restricted by their being encased in gloves.

His ability to move about is greatly restricted due
to his small negative buoyancy, the cumbersomeness of the
diving dress, the resistance offered by the water, and
disadvantages increased in direct proportion to the force
of th~ current. His buoyancy allows him only a few pounds
of pull. 1In fact, about 50 per cent of the diver’s ener-
gy is required to maintain him on the bottom. Therefore
careful planning is necessary on the part of those super-
vising the work of the divers. Each phase of the work
should be studied in advance in order to devise methods

and rigs which will permit the divers to work with the
greatest efficiency.

In general, a special descending line of 2i-to 3-
inch manila should always be secured at the point where
the material is to be used or the fitting to be installed.
This descending line is led to the ship's rail, hauled
taut, and the ship moved to give an angle of lead that
will guide it into place with little physical effort.

Hand tools should be fitted with lanyards having an
eye sufficiently large to slip easily on the diver's
forearm. They should be put on his right arm when he is

on the stage. If several tools are needed, they are
placed in a canvas tool bag.

In sending down small tools, bolts, nuts, small fit-
?ings, etc., secure each article to the holes (eyelets)
in the upper rim of the tool bag with about three feet of
marline. Nuts, bolts, etc., can be tied in one string so
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that they may be cut off one at a time,

While the diver is being dressed, his tool bag should
be made up. The diver can then observe just how each
article is placed. Special items (i.e. the principal
tool or fitting) should be secured with manila yarn or
6-thread manila, Securing small tools and fittings to
the tool bag insures the diver being able to recover
them in case of dropping. The following are the normal
contents of the diver's tool bag:

six-pound hammer.

eight-inch Stillson wrench.
fourteen-inch monkey wrench.
fourteen-inch Stillson wrench.

hack saw.

hack saw blades.

pair of large pliers.

marline spike.

combination jimmy heaver and prier.
cold chisels.

B> NHEHENDEHEHEEE

i i i to the
ood practice is to give the diving light
firs’ &%ver gown; the second diver takes the tool bag.

i 7 o te are to
When small fittings, valves, shackles, etc.,
be sent down, it is a be%ter plan to put them in a togi
bag, and if too heavy for the diver to carry down on hs
arm’ the bag can be sent down on a descending line. The
mou%h of the bag should be tied shut.

r tools should be sent down ahead of the diver.
Use a?;ggce of 6-thread manila.fgr the guy line agﬁzch-
ing the tool to the shackle sliding on the desgenl w%th
line. The guy line should be attached to t?e ood oL
a sliding noose. The &ir hose of the tool 1s use

lowering line.

in its box and the
nd down the electric torch in 1
groun?ewire, the gas torch, and the igniter 1ﬁ thg iaTe
manner, i.e., the sliding noose over the torc age g
niter or torch and ground wire, as the case may o

For all other objects use 15-or 21-thread mini%abgaf
2 dweltHE LIag  rate witgian ggzmsgiicgiiginz giackle
ure the distance ne
iinzﬁe gggcending line to the eye on the iowergﬁg iig:.
Then fasten the object to the eye of the owi§1 g e R
with material no longer than necessary, (marline, ;
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12-thread, etc.), with about 1 foot of play. The diver
then takes the object off with one cut of his knife.

The lowering line can then haul the shackle back.

The best results will be obtained by having one man, pref-

erably an officer, make up all the material going below.
He will then be in a position to plan ahead. A uniform

system should be followed and those assisting will soon
become acquainted with his method, which will cause the

work to progress smoothly. '

To illustrate the advantages to be gained in having
plans ready, it was desired to reinforce the upper conn-
ing tower hatch on the S-4 by placing 4O lead pigs, each
weighing 100 1bs., over this hatch. To prevent the pigs
from shifting due to the motion of the hull, the pigs
were to be placed in a wooden box and cement poured
around them. The box was to have a canvas lining to hold
the cement. The hatch cover was not sufficiently wide
to permit stacking all of the 4O pigs directly over it so
two flat bars of steel were to be laid over the hatch
first.

TlLe material was prepared in advance. A traveler
ring for the descending line was made with a 1" screw
shackle welded to it. Each pig was drilled to provide
an eye for a small becket strap of l1l5-thread manila. The
bars were cut and drilled for the guy line and lowering
line. The box was made, weighted with sheet lead on the
bottom edges to give it negative buoyancy, knocked down,
and then stoppered up with the canvas lining on top.

When ready for this job and all preparations were com-
pleted, two divers carried down a 3™ manila line. They
were instructed to catch a turn on the far side of the
chariot bridge rail about midships, this line to be hauled
taut from the topside and the divers to then observe
objects sliding down the line to fall fair in the chariot
bridge.

The first trial position proved correct. The de-
scending line was set up, the first pair of divers re-
ceived the two flat iron bars, placed them, received the
box, set it up in place with its canvas lining, and re-
ceived and placed ten pigs of lead in 50 minutes. The
second pair of divers received and placed thirty pigs in
42 minutes. Another pair of divers received and placed
10 pigs in 16 minutes.
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Placing the flat iron bars would have been considered CHAPTER IV

and was, of course, a simple matter. The box proved to be

uite as easy for the divers to cut six thread beckets to ‘

%ree the box from the guide and lowering line; then it _ RIGGING BOATS FOR DIVING
was easy to cut two six-thread stops that bound the several ‘ S i

parts together, lay the canvas cover aside, place the for- gee Articles 3627 to 3637, 3§A1u;i 3642 of Bur
ward and after sides, slide the port and starboard side C. & R. Man .

into position, insert the bolts which had been secured by 2 Anbin 1 |
short lanyardés and then place the canvas lining which A motor launch must alwaizsb:rZSigqigied iy %é P |
had been folded sides and end to bottom and then rolled, practicable. All motor lgugc e ah petated’ alrpunDs
The lead pigs were sent down as follows: the becket inserted ted with padeyes for rece}zégg b # oot bEouL B SO T peAo] 1T
in the shackle of traveler ring. The shackle bolt being for divers. Chocks and fi lgi them to supply diver's
inserted from up-down, it was only necessary to catch a flasks in the boat and forkus% %eady rrsguths
turn or so of the threads to secure it. A turn was taken air should be made up and kep
on the belaying pin with the lowering line, the pig slid boat with air fur-
off the rail, and lowered on the run until the square mark Tt is preferable to div;sfro¥n2y ghould i ol
on the lowering line was at the rail. The pig was now nished from torpedo &ir flas.lo 5% greuv; | Place them on
about 10 feet above the divers. It was held at this cleaned of any rust, dlrg, O;dssecure them So they cannot
position until the diver signaled "Let it come."™ When the chocks on the floor boards a

diver cut the pig becket, the slack of the lowering line

move.
being immediately apparent; the traveler and shackle were in the boat connected
hauled back hand over hand, and then the next pig sent down At least three flasks mgig g?r flask must be held in
to the square mark and held until the signal "lLet it come," and ready for instant use. ( of emergency, such
ete rve and not used except in case e g flasks
0 EZSZ fouled diver. The pressure in tggowiis PeT 8. ille,
SENDING MATERIAL DOWN TO THE DIVER shall not be permitted to fall be OWt which the diver is
(15 atmospheres) over the presaﬁzg %he diver is clear of
Use small stuff to stop material to shackle and as ' working while on the bottE@; way up SO that no emgrgency
few turns as possible so that the diver can cut the stop the bottom and safely on il flask may be cut 1. Not
easily.

ise. the reserve ; LHoe
gigrpgigigizeig ;a§ pe permitted go %évihztdgsgr:aﬁgst
Put small tools and parts in a tool bag before send- rron tHd edne! boat Th; aigssuggeg to the divers m
ing them down. It may be desirable to tie them to the e s dh e el e, ot 25 ;
o er 120 feet, @ second boat

When working depths oV & PaTLy charged £lasks.
The descending line should be rigged as close as is must be rigged with at least thre nce of the

i ling dista :
practical to the point where the diver is to work. PN 1 et o aay oS h% dlstance o ke
: diving boat soO that it can be broug

3 boat. |
Pay out lowering line from a point far enough away air supply connected to the diving v |
from the descending line to prevent turns of lowering all boat, shall always be as-
line from fouling the descending line. Keep the descend- | A dinghy, or other si

§ : $ boat.
ing line taut. to the diving DO

. o k to
ate and 1n addition
%Zq:ir supply and to handle

signed as tender

When diver must untie a large line rather than cut
it, half hitches are the easiest for him to handle. As
a rule, shackles are easier to unfasten than knots.

\ 1t be &
The boat crew mus
the men required to manage t
and tend the divers.

' he
x i« required to be in t
Good rigging is extremely important to get material ‘ The following equlpmiﬁg i?cin%ty of the ship:
down to the diver quickly so that his dive is no longer diving boat if 1t leaves

than absolutely necessary and his exertion is reduced to
a minimum.
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The requisite number of torpedo air flasks, and all nec-
essary connections and special tools, or, if a diving
pump is to be used, it must be complete, in working order
and properly secured.

Complete apparatus for two divers.

Sufficient air hose for two divers.

Two lifelines.

Two amplifier outfits (if supplied).

Tool box with air-hose spanners, wing nuts, etec.
Spare washers for air hose.

Spare rubber wrist rings.

Fitted descending line and distance line.

A length of rope for sending down to diver.
Diving ladder.

Decompression stage.

Slate with pencil attached.

Red diving flag on staff.

Lead line.

Stadimeter.

Boat’'s diving anchor gear.

Boat's compass.

Hand flags for signaling.

Boat box.

Boat iunedical outfit.

Binoculars.

A watch for timing divers.

Long heaving line.

Large shackle.

Coil of small stuff for lashings.

A luff tackle.

Drinking water.

Other special gear as necessary.

To prevent dragging the diver over the bottom and
to avoid getting him fouled, the diving boat should be
moored securely. The easiest method of mooring is to
stand over the spot where diving is to be done, let go
a stern anchor with plenty of line on it, go ahead until
well past the spot then let go the bow anchor and drop
back, taking in the slack on the stern anchor. If the
wind is strong, it will be best to head into it since the
wind will probably have more effect on the boat than the
current. Mooring with either wind or a strong current
across the boat will put a heavy strain on the anchors.

At the slightest sign that the moorings may not hold,

start the divers to the surface. The mooring lines should
not be touched while the divers are down, either to take

2 B0 &

in slack or to veer them.

. The heaviest, maneuverable boat anchors available
should be used. If heavy anchors are not available, at
least two anchors must be used on each mooring line,
leaving a few fathoms of line between anchors. An addi-
tional mooring on the beam or bow may be necessary to
hold the boat from yawing back and forth with the wind or
current.

seep all of the gear in the boat straightened out
and clear for use. Coil down or flake all lines, hose,
etc. Keep the small boat used as a tender moored astern
and ready for use. The air tlasks must be cut in all the
time that the diver's helmet is worn. The diver's air
supply must be drawn from the test tank (or volume tank).
The required pressure in the volume tank must be main-
tained at all times. Do not use an automatic pressure
regulating valve to reduce the pressure in the flasks to
the required pressure in the volume tank. Station a
reliable man on the air supply.

Lash the diving ladder to the side of the boat.
Keep gear off the gunwales. The diver's tenders should
keep both feet inside the gunwale. If the gunwale is
very high or wide, one tender may have to sit straddle of
the gunwale, but he must be backed up by a second tender
completely inside the boat.

FIRST AID AND HYGIENE

First aid is immediate attention given to the in-
jured and ill in cases of emergency; it should neither
supersede nor take the place of proper mgdigal or surgi-
cal attention and should consist of furn}shlng temporary
assistance to a sufferer pending the arrlvgl of medical
aid. The most important fact to remember 1in first-aid
treatment is to summon a medical officer or some one
capable of rendering the proper treatment.

f health
Hygiene, the science of the prese?vation o A
is they%ropef care of the body to permit the proper
functioning of the various organs and tissues.

PERSONAL CLEANLINESS
Personal cleanliness is a very important fact and

i i . ber of men
especially so in the Navy where a large num of
lige togezher'in a relatively small area. Conditions on
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board the salvage ships throw a greater number of men to-
gether in the living compartments than the compartments
were originally designed to accommodate. The MALLARD, = | (R LY
WIDGEON, and the PIGEON operate almost continually in the & i | R s
tropics and this fact further complicates matters. Much iy [ - A
more effort must be expended by the individual to keep up : i i CHIKT
the standard of personal cleanliness in the tropics than . W h”wn
in the temperate zone. By the appearance of his hajr, : ;m;ﬁ ’wn,“
face, teeth, clothing, hammock, and his general bearing, 1@5( ﬂf
it is possible to tell at a glance whether a man observes 4 i'e 0 fll

the rules of personal hygiene. .

The following is a list of comparatively simple

things that should be done if a man is to follow the rules
of good personal hygiene:

(1) Take at least one good bath daily. If you are

1 U
U

|
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A
1) v,'|
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I AIR FROM VOLUME TANK GOES TO AIR

MANIFOLD AND THEN TO DIVER
J DIVER IS BEING LOWERED ON STAGE

K DIVER DECOMPRESSING ON STAGE
- L DIVER USING CUTTING TORCH

M SUBMARINE RESCUE BELL

doing heavy, dirty work, more attention should be paid to f > |
bathing than otherwise. Follow the bath by a brisk rub ' T ; bl
with a coarse turkish towel.

|
' |

(2) Intemperance in eating and drinking should be , ; i

avoidei. Men who drink alcoholic liquor are more apt to ‘ ' : {Vf‘
get sick than those who abstain. DIVERS SHOULD NOT DRINK. é :
£
(3) Daily exercise is conducive to good health. On : N
board ship and especially on submarines and small craft ,.“[
it is often impossible for the crew to get sufficient ek
exercise. All hands should take advantage of periods when i b
the ship is tied up at bases and stations to Join in all il A
athletic events possible. ' / e L
e - I
(4) If possible, periods of work should be followed - <) EE” i
by periods of relaxation, rest, or recreation. ® Fig Eg i
(5) Sufficient time should be allowed for meals: the o
food should be chewed thoroughly. There is a tendency in g * |§:\
the Navy for all hands to hurry through their meals. : ML L e Ly
ok o) | ", |z‘ "Q’I
(6) Plenty of water snould be drunk, but do not i e '”ﬁcamﬂf
drink a large amount at any one time, especially when Sk aﬂh“éb,ﬁ’
overheated, — 'WM%EE“‘
‘ g lll.;llllll e ."I,;;| ‘
(7) Take the proper care of your feet. Feet should - o -
be bathed at least once a day; cold water hardens them, s i Vi ;" =
while hot water softens them, Clean, dry socks that do i ;;;, URENH 1
not wrinkle should be worn at all times. The nails . Pl e I T»V//—\\\
should be cut straight across and kept trimmed close. 5 : | J““ e
. ! Ty i 5] 1l et
i j Loy e [: {
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Corns should be treated at once, preferably in the sick
bay. Blisters should be treated by the sick bay without
delay, as they may become infected and cause you to be
laid up. Do not delay reporting to the sick bay for any
trouble with your feet. It is well to have two or three
pairs of shoes and wear them in rotation, as it gives
them a chance to dry out after being dampened by perspi-
ration from the feet. No two pairs of shoes make pres-
sure equally on the same part of the feet; therefore by
changing shoes you rest and allow to heal parts of the
feet that have been rubbed or subjected to undue pressure.
Blisters can often be avoided in this way. Rubber-soled
shoes or sneakers should not be worn any more than neces-
sary. They cause the feet to perspire excessively and
prevent proper ventilation.

(8) Never sit in a draft to cool off when perspi-
ring, as the evaporation of the perspiration will cause
chills and may cause pneumonia to develop. We usually
catch colds because we neglect to put on a sweater after
being overheated by hard work, or when going from a hot
¢ompartment out into the cold air, or when sleeping in a
draft without sufficient covering. Take a bath as soon
as possible and shift into dry, clean clothes after
finishing work. If you work in the rain and get wet
keep moving until you have a chance to take a bath aﬁd
shift clothes.

(9) The mental attitude has close relationshi
health. This fact has been greatly neglected in %ﬁeto
past. Many people do not realize that there is a very
close.relationship between mental worry and bodily ills.
Worrying and anxiety over trifles should be avoided. To
gccomplish this the mind should be kept occupied and
interest maintained in work, study, and recreation.

IN GENERAL, KEEP CLEAN AND YOU WILL FEEL HEALTHY.

ARTIFICIAL RESPIRATION
(Schaefer Method)

To remove water from the lungs, remove shirts; lay
the patient on his face; clasp your hands under hié ab-
domen and drain water from his lungs and air passages.

Be sure that the air passages are clear of foreign objects
such as sea weed, false teeth, etc., and that the tongue
has not dropped back, thus blocking the air passage.

To apply artificial respiration, place the shocked

w Bl
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person on his belly, with his face turned to one side;
straddle him and place the palms on the small of his

pack just below the ribs; lean forward and gradually bring
the weight of the body on the hands, thus torcing the air
out of the lungs. AVOID ROUGHNESS. Release the @ essure
guickly and return to the original position. The first
motion should occupy two or three seconds. After return-
ing to the original position there should be a wait of
about two seconds before repeating; thus there will be
about 12 respirations each minute. Imitation of the
natural breathing is the object. These efforts should be
kept up for at least two hours, or until natural breath-

ing is restored.

Remove all wet clothing from the body and wrap well
with biankets. Never give up hope to restore breathing
for many a life has been lost because artificial respi-
ration was stopped too soon. Efforts to restore breath-
ing should be kept up tor at least two or three hours.

GASES OF THE AIR AND THEIR EFFECTS ON THE BODY

Air is a physical mixture of the following gases:

BEVRRR PO & = e = o e e e T Y e s 0 L0 21%

Nitrogen %N)-~—=m=mes=~a=w~amaaaaww~=awé=a78%

Carbon Dioxide (002)waa=v=wnn=ﬁﬁaza=aa=we=0°03%

At HRAC gther gaBeSs e wne mr nl ST S T Traces
are also present.

Water vapor, dust, etc.,

3 - d
All of these gases are odorless, colorless, an
tasteless; therefore their presence cannot be detected

by the senses.

part of the ajir which is nec-

i ¢4, of the oxygen is con-
essa to 1ife. Approximately 5% o
sumegyfrom the air when it is breathed. A man burns
about 0.7 cu. ft. of oxygen per hour but under heavy

i : APl s b e ) g
exertion he may use 4 to 5 times this amoun

taining less than 10% oxygen may produce un;gngciggzgezs
without any preliminary warning symptoms. is yen
dangerous to breathe air containing less than 15% oxygen.

Oxygen is the only

be breathed
Pure oxygen at atmospheric pressure can
for a long tgie, as is done when working with ?2ebg:§%§2d
i

rescue breathing a paratus. When pure OXygen
lgng enough und%r gressure of two atmospheres absoiute
and over, various harmful effects are produceda iy 2
tissues of the lungs are jrritated and may produce
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form of pneumonia. Higher pressures will first cause
nausea and blindness, finally unconsciousness and convul-
sions. Pressures of pure oxygen at about 4 atmospheres
absolute will destroy all forms of life,

At 300 ft. depth, the pressure is 133.5 lbs. gauge Lk

or 148.2 1bs. absolute, equivalent to 10 atmospheres of
pressure.. Air is approximately 1/5 oxygen, so that the
oxygen concentration at this pressure is the same as 1/5
of 10, or 2 atmospheres absolute of pure oxygen. For this
reason, 300 ft. is generally considered the maximum depth
to which a diver should go while breathing compressed air.

In the lungs, oxygen combines chemically with the
red corpuscles of the blood. The blood then delivers the
oxygen to the tissues of the body where it is consumed.
Very little oxygen remains in physical solution in the
blood and most of that which does will eventually combine
chemically with the blood and will be burned in the tis-
Sues. COp is a product of combustion. When 02 is burned
in the tissues of the body, carbon dioxide is produced
in the tissues and carried by the blood in chemical com-
bination to the lungs where it is exhaled. The rate at
which the carbon dioxide leaves the blood will depend on
the amount of carbon dioxide already in the lungs.
(Dalton®s Law)

More oxygen is consumed and more carbon dioxide is
generated when a man is working than when he is resting.
The amount of dioxide in the blood affects the brain,
which in turn regulates the rate and volume of breathing.

Air exhaled from the lungs of a man at rest usually
contains about 5% carbon dioxide, If this percentage is
increased by exertion, the carbon dioxide remaining in
the blood will cause the brain to increase the breathing
in an effort to expel the excess quantity. The control
Of the breathing is so delicate that an increase of 0.02%
Of carbon dioxide in the lungs will double the volume of
breathing. On the other hand;, a man’s breathing can be
stopped completely by sufficiently reducing the percent-
age of carbon dioxide in his lungs,

The inhalation of air containing carbon dioxide will
produce various effects. Their severity will depend on
the length of time the carbon dioxide is breathed,

Small percentages of COp, will cause tiredness and
berhaps headache.
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3% CO, in the air doubles the breathing.

5% CO cauSes panting.

8% COo causes marked distress.

10% CO, causes unconsciousness very quickly and
permanent injuries to the heart and brain may
result.

The treatment consists of artificial resuscitation,
administering oxygen, keeping the patient warm and quiet,
and afterwards giving him plenty of rest.

The effect of a given percentage ot carbon dioxide
in the air breathed is proportional to the absolute pres-
sure. While 3% CO, will hardly be noticed at atmospheric
pressure, at 3 atmospheres absolute (66 ft. depth) it
will have the same etfect on the body as 3 times 3%, or
9%, which is a very dangerous concentration of carbon
dioxide. Divers therefore require adequate flow of air
through their helmets to keep within safe limits the mro-
portion of CO,> which they must breathe. Under the most
favorable conéitions, a diver is considered to require at
least 1.5 cu. ft. of air passing through his helmet at the
mressure of his depth. Whenever it is possible and al-
ways at high pressures, he should receive at least 4.5

cu, ft. of air per minute.

itrogen does not combine cnemically with the blood
as ox?gen gnd carbon dioxide do. Instead it remains in
physical solution in the blood and the tissues of the p
body. The pressure of the nitrogen in §olution tends to
equalize with the pressure of nitrogem in the lungs];I 2
This is in accordance with the laws of Dalton an enry.

Various parts of the body absorb niﬁrogen at dif-
ferentarates gnd in different amounts. The bloog ng%gg-
a moderate amount and will change the quantity o nd v
gen very quickly, conveying it between the lunigrgnen
tissues. Fat will absorb about 5 times more g eg s
than other tissues and thelriggnagswgigg gioxe;ng o

antity of nitrogen in solu °
g? gge gody whichgreceive little circulation of b%gogo-
will be slow to change their amounts of nitrogen

lution also.
bs nitrogen is the
e rate at which a tissue absor
same Eg the rate at which it will release phedn%tro%ggo
It is believed that 5 to 12 hours are require or

i i in the body to
re of the nitrogen in solution /
ggi:igze with the pressure of the nitrogen in the air
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being breathed. Since the blood carries the nitrogen to
and from the tissues, increased circulation will increase
the rate at which the body saturates or desaturates.

The amount of nitrogen in the body therefore depends
on the absolute pressure of the air breathed and the
length of time that the body has been exposed to that

pressure.

It has been found that if the pressure is suddenly
reduced enough, the nitrogen will leave solution so rap-
idly that the blood can not carry it all to the lungs.
Bubbles of nitrogen will then be formed in the blood and
some of the tissues., These bubbles may block the flow
of blood, burst small blood vessels, cause pressure on
the parts surrounding the bubbles, and cause damage to
the tissues. Pressure on nerves or damage to nerve tis-
sue will cause pain. Damage to the brain or spinal cord
will cause various kinds of paralysis and may be severe
enough to cause death. The symptoms produced by the
formation of nitrogen bubbles in the body are called
bends, caisson disease, diver®'s palsy or paralysis, com-
pressed air illness; etc.

It has been found that if the pressure is reduced
at a rate that will keep the absolute pressure of the
nitrogen in the body at less than twice the absolute
pressure of the air being breathed, no bubbles will be
formed. A diver can come up half his maximum absolute
depth at any time without danger of bends. If he has

been working at 99 feet (3 atmospheres gauge, 4 atmospheres

absolute), he can come safely to a pressure of 2 atmos-
pheres absolute, which is 1 atmosphere gauge or 33 feet.

Decompression of divers is accomplished by bringing
them up and keeping them for a time at progressively de-
creased depths, each time ten feet less, until the sur-
face is reached. The correct procedure is set forth in
the decompression tables. The depths and time at each
will depend on the depth at which the diver has been
working and the duration of his exposure.

A diver who has exerted himself heavily on the bot-
tom may have absorbed more nitrogen than normal due to
his increased rate of circulation. A Standard Decompres-
sion for his time on the bottom should be regarded as
being proportionally greater than it actually is and a
decompression selected accordingly. To increase their
circulation and eliminate more nitrogen, divers should
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exercise during decompression.

When the water is very cold and under other condi-
tions where it is inadvisable to give the diwer his de-
compression in the water, he sometimes takes his first
one or two decompression stops in the water, then is

brought.on board where helmet, belt, and shoes are removed

as quickly as possible. The diver is then rushed into
the recompression chamber and recompressed to his first
stop and brought out on the reguler preliminary decompres-
sion in the water when the diver has been at deep depth.

Because it takes a long time tor all the tissues of
the body to desaturate, & diver should not make more than
one dive to any considerable depth in the seme day. If
he is exposed to pressure again, the second decompression
should be based on approximately his total time on the
bottom and meximum depth during the day.

SYMPTOMS OF CAISSON DISEASE
Symptoms of caisson disease vary widely in degree
and effects. They have been known to occur as long as
15 hours after exposure to pressure. :
1. Itch, rash, or discoloration of the skin will

not require recompression, but the diver should be watch-
ed for the development of a more serious condition.

RECOMPRESSION SHOULD BE USED IMMEDIATELY FOR THE FOLLOW-
ING SYMPTOMS: : ’

2. Palndn ?arious parts of the body. Abdominal
pains may indicate the onset of a very serious case.

3. Unconsciousness, pertial or completep

L. Abnormal condition of the senses (sight, hearing,
taste, touch, and smell) and lack of coordination and
control of the body

5. Perts of the body becoming paralyzed or going to
sleep. -

6. Marked dizziness.
7. Heavy and labored breathing.
NOTE: 3, 4, 5, & 7 1ndicate that either the brain or the

spinal cord, or both, are affected. Decompression should
be prolonged for such cases

~=60 =

TREATMENT OF CAISSON DISEASE
Extract from Bureau of C. & R. Manual, Paragraph 3679.

(1) In case a diver has made a rapid ascent from
deep water, but shows no symptoms of caisson disease, he
must be hurried into the chamber as soon as possible and
the pressure raised to 60 pounds or less, this pressure
being at least half the absolute pressure at which the
diver has been working. He must be kept at this mressure
for at least 5 minutes, after which, if no symptoms have
developed, he can be decompressed according to the tables,
corresponding to the time and depth of the dive, with
the extra five minutes added to the total of the diving
time for the time used in selecting the table. Should
symptoms of caisson disease develop during decompression,
gradual decompression as outlined below should be re-
sorted to.

(2) If symptoms of caisson disease develop, the
patient should be taken immediately into the recompres-
sion chamber and pressure run up to 45 pounds with as
little delay as possible. In most cases this will be
sufficient to revive him. If, however, the patient does
not show marked improvement, the pressure must be increased
to 60 pounds. In one instance, 75 pounds was necessary
after a 300 foot dive., The patient must be kept at this
pressure until any symptoms of circulatory embarrassment
or dyspnea have disappeared. Such symptoms disappear
almost directly, and if no other serious symptoms are
present, decompression may be started at once.

(3) If paralysis is present and does not pass off
in two hours, it is useless to wait longer a? high pres-
sures. It must be remembered that exposure in the chgm-
ber exceeding 30 pounds is likely to delay decompression
very much.

the
(L) Decompression should be started as soon as t
patient is relieved, pressure being allowed to fall at

the following rate:

ber Pressure may be allowed to

ki pressgg? P fall at a rate not faster
than-

Above 60 pounds=-=—==—---==—--=- Rapidly :
Between 68 and 45 pounds----1 pound in 1 minute
Between 45 and 30 pounds----1 pound in 3 m?nutes
Between 30 and 15 pounds=-=--1 pound in 5 mlgutes
Between 15 pounds=amm»=ma@wol pound in 10 minutes

Le |




(5) No hard and fast rule can be laid down for a
decompression rate, which will depend on the condition of
the patient, how he stands decompression, and also the
pressure at which he was saturated, If the patient be-
comes il1 again while the pressure is falling, decompres-
sion must be stopped, and, if necessary, the pressure
raised; when the patient is better, pressure may be al-
lowed to fall again, but at a slower rate.

BUREAU OF SHIPS
Pilot letter

L9/P-(14) (8688)
EN28/A2-11
July 30, 1942
From: The Chief of the Bureau of Ships.
Tos All Ships and Stations.
Subject: DECOMPRESSION FOR DIVERS.
Enclosure:

(A) Two (2) copies Navy Standard Decom-
pression Table (using compressed air),

Two (2) copies of the latest approved
Navy Standard Decompression Table (using compressed air)
are enclosed for use in future diving operations.

J. J. BROSHEK
By direction

Aug. 15, 1942 Navy Department Bulletin
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Exposure beyond these

2 o .
These are the optimum exposure times for each depth which represent the best balance between

length of work period and amount of useful work for the average diver.

times is permitted only under special conditions.

T g

OXYGEN TREATMENT FOR CAISSON DISEASE

The Experimental Diving Unit has had great success
with the following treatment for caisson disease; using

oxygen.

(1) Increase pressure rapidly to one atmosphere
more than pressure necessary to relieve the symptoms of
the patient. Keep patient at this pressure for 30 min-

utes.

(2) Lower pressure gradually over a period of 45
minutes to pressure at 60 feet. .

(3) Have patient breathe oxygen through a mask
throughout the remainder of the decompression which is

as follows:

20 minutes at 60 feet.
30 minutes at 50 feet.

LO minutes at 4O feet.
5 minutes at 30 feet, then lower pressure to atmos-

pheric pressure.

Pressure should be reduced at a rate not greater

than 25 feet per minute.

t permanently eliminated by

the above treatment, recompress patient again until symp-
toms are relieved. This pressure may be expected to be

materially less than 66 feetl. The patient is kept at
this pressure for 12 to 24 hours, OTr longer if necessary.

{5) Final decompression is then accomplished in
accordance with the table below:

(4) If symptoms are no

TIME AT PRESSURE

PRESSURE

LO feetestiiwn——neommmmmmmmTTTT 1, minutes
30 PRet~=rram e e e T 42 minutes
20 feet-—--—-o~-~—-———aanw—==«»w 52 minutes
R0 THOE il i oo o oo e im0 205 68 minutes

ATR EMBOLISM

If the lungs are filled with air while under pres-
sure and the breath {s then held while the pressure
around the body 1is reduced, an excess pressure will de-
velop in the lungs. This pressure may drive a bubble of
air from the lungs directly into the blood stream where

- 67 -
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it will pass at once to the heart. If the bubble is
large enough, the heart will be blocked just as a mechan-
ical pump may become air bound. 1f the bubble is small
enough to pass through the heart, it will be carried
along with the blood stream until it enters an artery
small enough to be blocked by the bubble. This interrup-
tion to the flow of blood is called air embolism.

The effects produced by air embolism will depend on
the location of the bubble. If the heart or the large
arteries supplying the brain are blocked, instantaneous
unconsciousness and perhaps almost immediate death will
occur. If small arteries supplying the brain are blocked,
collapse and spasm may develop. If the bubble lodges in
other parts of the body, symptoms like those of bends may
show. ‘

Such accidents are most likely to happen when en-
gaged in helmet diving and in using the submarine escape
appliance (lung). The diver ducks the helmet and swims
to the surface; voluntarily while making an ascent. With
the lungs fully inflated, a rise in the water of approx-
imately 2% feet is sufficient to produce enough pressure
in the lungs to cause air embolism. If the injury is re-
ceived at any depth, the expansion of the air bubble as
the man ascends to the surface will intensify the effects.
Men have been killed coming from a depth of 10 or 15 feet.

At considerable depths men have become instantly
unconscious from this cause., Others who were injured
have actually appeared to be all right within .ten or fif-
teen minutes after leaving the water and then started to
collapse into convulsions.

In all cases where a man is in distress either after
he has been using & "lung™ or has been Giving with the
helmet alone, it should be presumed that he is suffering
from air embolism and treated as outlined below. The
natural and usual assumption of bystanders is that the
man is suffering from drowning.

The patient should be placed under pressure immedi-
ately. 1t is well to keep his feet elevated above his
head as high as possible in the hope that circulation of
blood to the brain will be facilitated. The bubble may
perhaps flow to a location less dangerous that the arter-
ies to the brain. +the pressure may have to be quite high
in order to first compress the bubble and reduce its size
so that it no longer blocks the circulation, then dis-

- 68 -

solve the bubble into the blood so that it can be elimi-

nated during decompression. If patient's breathing has
stopped, artificial resuscitation must be applied. De-
compression should be the same as that prescribed for
treatment of caisson disease.

If the patient is actually suffering from drowning
or bends, the above treatment will do him no harm. To
fail to treat a case of air embolism by prompt recompres-
sion is likely to cause death although a few mild cases
have been known to recover with no treatment at all,

Arter being decompressed, a man who has suffered
from air embolism will usually complain of a dull head-
ache that will persist for about five hours and soreness
of the abdomen which will last a day or two.

THE RECOMPRESSION CHAMBER

The primary purpose of a recompression chamber is to
recompress victims of the bends. It is also used to decom-
press divers when it is impossible or dangerous to de-
compress them in the water. It may be used to compress
personnel with the object of accustoming them to pressure
and to ascertain their general condition under pressure.

The recompression chamber must be kept ready fgr
instant use at all times while diving is being carried
out and for at least 15 hours after the last diver has
been secured. It should be tested daily. A diver should
be detailed to be ready to operate the chamber.,

Men who have been exposed to high pressures should
remain in the immediate vicinity of a recompressio?
chamber for one hour afterward and within one hour's
distance of the chamber for at least 12 hours.

The following equipment should be kept in the re-
compression chanber:

(1) A time-keeping instrument, either a clock or a

stop watch.
(2) Caisson gauges.
3) Decompression tab:(li.egi SRE X
all mattress an a 3
g; igbaratus for administering oxygen, ready for

use,

— g~

The following materials should be immediately avail-




||

able to the chamber:

(1) Sterile syringes and needles with bottle of
1-1,000 adrenaline.

(2) Stethoscope and blood pressure apparatus.

(3) Vessel and towels for hot applications.

Bottles passed in or out of chamber, or stored there-
in, should have holes through stoppers to equalize pres-
sure. No highly volatile or dangerous liquids should
ever be kept in the chamber.

When no recompression chamber is immediately avail-
able:

If a diver has been working at great depths or ex-
posed for long periods in shallower depths, he must be
kept dressed for at least 20 minutes after being brought
on deck. If he develops symptoms of bends, he can then
be sent down again tor decompression. »

SQUEEZE

Squeeze occurs when the water pressure becomes
greater than the air pressure in the helmet; the water
pressure will then tend to compress the dress, pushing
the diver into the helmet. If the diver is not carrying
sufficient air in his dress, he will feel the breastplate
pushing on his shoulders; and the force of the water pres-
sure on his ribs will make it difficult for him to breathe.
Slight bleeding of the nose and ears may be produced by
the excess of water pressure over the air pressure in the
dress, This is likely to occur if the diver descends
faster than his air supply can build up the pressure in
his dress. When the safety non-return valve on the hel-
met is tight, the pressure in the helmet cannot be lost
through failure of the air supply. Every precaution must
be taken to insure that this valve operates properly.

The only other manner in which a squeeze can be suffered
is from a fall under water.

Dropping suddenly from the surface to 33 feet in-
creases the absolute pressure from 1 to 2 atmospheres.
The air in the dress is thereby reduced to 1/2 its former
volume since volume is inversely proportional to pressure
(Boyle's Law). To drop from 66 feet to 99 feet changes
the absolute pressure from 3 to 4 atmospheres. The volume
of air in the dress is then reduced to 3/4 its volume.
The diver’s body must make up the difference in volume in

i,

the rigid helmet It follows that a fall in shallow
depth will do the diver more harm than a longer fall at
deep depths.

In some extreme cases of squeeze; the ?iv§r was al-
most entirely compressed into the helmet, killing him
instantly and meking it impossible to remove the helmet
from the body.

In any situation where there is a choice between
risking a squeeze and the bends, choose the bends as a
much smaller evil.

i burst
Upon blowing up, the diver may have his dress
or def?ated suddenly,in some other way. He would then
drop to the bottom, suffering a heavy squeeze.

less the diver has been working long enough in
wate?Ugeep enough to require decompression, there will
be no need to recompress him if heoshould get a squeeze.
Remove the dress as gently as possible, Lay diver prone
and try to keep him warm and comfortable. get the serg-
jces of a doctor. The patient may be bleeding fgo? 28 e
and mouth, unconscious, eyes pgpped out, headvan ini o
tures badly swollen and 11vid°1n color. The 1xé1prh oot
the breastplate may show on his chest, back and sSho :

CARBON MONOXIDE

i lete com-
rbon monoxide (CO) is a product of 1ncomp
bustig; of carbon. When carbon pburns completely, only
carbon dioxide (COz) is formed.

Carbon monoxide occurs as a %arge pfoportlgg gg the
exhaust gases of internal combustion englnegil e
found in the smoke from charcoal, coal, Orits  LRii
it is odorless, colorless, and tasteless, 1% hgl g
cannot be detected by the senses. It is slig y

than air.

The blood combines chemically with carbozhgogiﬁige
more readily than it does with oxygen. W?gn b 3 v
absorbs carbon monoxide, its oxygen=c?§r¥ %etagned 4
reduced accordingly. Once absorbed, 1t 1s i Wl
the blood. Asphyxiation is produced becaus? e
finally will be unable to carry any oxyge?l gvéntually
to the tlssues of the body. BLe2ilLnE Ur'Go"in the blood

i au

;zingrgguggi;ogén%uiig up until the plood can no longer

AT 5
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carry sufficient oxygen for the needs of the body.

Improper lubrication of diving air compressors so
that oil accumulates in the cylinders, breaks down; or
burns, may generate carbon monoxide and pollute the div-
er's air supply. A volatile oil such as kerosene or fuel
oil anywhere in the diving air system may produce the
same result. The intake of a diving air pump or compressor
should not be close to the exhaust of an internal com-
bustion engine or to the top of a smoke stack.

Unconsciousness from carbeon monoxide poisoning may
result without any warning symptoms. Generally a person
affected has a blush color. Treatment consists of re-
moval to fresh air, artificial respiration, keeping
patient warm and quiet, and administering stimulants.

Pure oxygen may be administered from a mask while artificial
respiration is being given. After the patient regains
consciousness,; hot black coffee may be given by mouth as

a stimulant.

The effect of a given percentage of carbon monoxide

will be in proportion to the absolute pressure at which
it is breathed.

A few masks (having black canisters) which will
give protection from only carbon monoxide are carried in
submarines., Carbon monoxide absorbent canisters for

attaching to submarine escape appliances (lungs) are also
carried.

HYDRAULICS

Weigh a large container having a flat bottom and
vertical sides and then fill with water and weigh again.
Divide the weight of the water by the volume to obtain
the weight of the water per cubic foot. The density of
fresh water will be found to be about 62.4 lbs. per cu.
ft., that of salt water is generally 64 lbs. per cu. ft.

If one end of a piece of tubing is connected to a
gauge and the other end is submerged in the water, the
gauge will indicate the pressure in the water at the end
of the tube., If the pressure is measured at a certain
depth and then the end of the tube 1is lowered to twice
this depth, the gauge will show twice as much pressure.
Therefore, the pressure in a liquid depends on the depth.

No matter in which direction the end of the tubing
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points up, down, or toward any side the gauge will read
the same as long as the end of the tube remains at the
same depth. Thus the pressure at any point in a liguid
is exerted equally in all directions.

It is apparent that the weight of all the water 1in
a container having vertical sides rests on the bottom of
the container. The force on the bottom is the weight of
the water. The pressure can be found by dividing the
weight of the water by the number of square inches in the
bottom of the container. By measuring the height of the
water in the container, the pressure per foot of depth
ijn water can be calculated. It is O0.343 lbs. per sq. in.
in fresh water, or O.445 1bs. per sq. in. in salt water.

The same result may be obtained in another way.
Consider a cubic foot of water in a container having the
height, length, and width each of 12 inches. The area
of the bottom of the container is one square foot. The
depth of the water is one foot., A cubic foot of fresh
water weighs 62.4 1lbs., salt water 64 lbs. The pressure
per foot depth of fresh water is therefore 62.4 lbs. per
sq. ft., of salt water 64 1bs per sq. ft. There being
144 sq. inches in one s8Q. ft., the pressure per sSq. ins
will be the above amounts divided by 144, oT 0.434 and
0.445 1bs. per sq. in., respectively.

'h ressure on the bottom of the container will
have goerglation to the shape of the container, since the
pressure will depend only on tpe depth of tpe liquidén
For example, each of the containers below will nazg e
same pressure on the bottom if all are filled to 2 k%
same height., If the bottoms all have the same areaéch e
force against the bottom will also be the same 1n © 5
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Calculate the volume of a blogk of metali wg}%g %Z,
and then weigh it again suspended 1n wategb hag t;e ki
found to have lost weight in the water an ft 140
of weight is exactly equal to the weight g aned’in :
volume of water. Therefore, an object su mer% i
fluid is buoyed up by a force equal to theiwi %nto el
displaced fluid. A floating object will sin

= 73 -
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uid until the weight of the volume of liquid displaced is
equal to the weight of the object.

PROBLEMS

l. A pressure gauge connected to the sea in a sub-
marine reads 74. At what depth is the submarine?

2. ''ne specific gravity of kerosene is 0;8o What
is gge pressure on the bottom of a tank filled to a depth
of gt g

3. What pressure is required to supply water to the
top of the Washington monument, 550 ft. high, at a pres-
sure of 80 1lbs.?

L, A drum 2 teet in diameter, standing on end, is
capable of withstanding an internal pressure of 50 lbs.
per sq. in. A 2 inch pipe is comnnected to it vertically.
How high will salt water have to be poured into the pipe
to burst the drum?

Saoih tapk 1s:6 T, tall. 8 Th..wiae. aud de 1Tt,
long. How many pounds of salt water will it hold? What
is the pressure on the bottom? How many pounds of force
are pushing on the sides?

6. The area of a man's body is about 2,000 sq. in.
gowtgany tons of force are pressing on a diver at 90 ft.
epth?

e The Squglus lay in 243 ft. of water, What air
pressure is required at that depth to overcome the water
pressure?

- AR horizgntal cylindrical tank is filled with
salt water. It is 9 ft. in diameter. What force is ex-
erted against each end?

- 9, One gallon equals 231 cu. in. What does a gal-
lon of fresh water weigh? A gallon of salt water?

10. Twenty gallons of salt water per minute must be
pumped 60 ft. high into a tank. Lf the water end of a
reciprocating pump has a bore of 10 inches and a stroke
of 16 inches, how many strokes per minute does it make?

11, Lif the steam end has 1/2 the diameter of the bore
of the water end of this pump, what is the least steam
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pressure used?

12, A hydraulic jack has a ram 8 in. in diameter with
a 1ift of 2 feet. How many strokes must be made with the
pump if the piston has a 2 inch diameter and a 4 inch
stroke?

13. A block of spruce weighs 18 lbs. per cu. ft. It
is 8 ft. long, 12 inches thick, and 18 inches wide. How
deep will it sink in salt water?

14L. A flooded pontoon, 50 ft. long and 18 ft. in
diameter, is on the bottom in 200 ft. of water. If the
structure of the pontoon weighs 60 tons; how much can it
1ift when blown dry?

15, A standard sized hatch for a submarine is 22
inches in dismeter. 1f the hatch is three feet under
water, could a man exert sufficient force to raise the

hatch cover?

16. The density of spruce is 18 1lbs. per cu. ft. A
block 12 inches by 8 inches will float with what draft?

What is its displacement?

17. A tight cylindrical tank 3 ft. in diameter, 6 ft.
long, weighing 3,000 1bs.; is placed in the wgte?o Will
it sink or float and by how many lbs.? What is its
specific gravity?

18. A lighter in salt water 30 ft. by 15 tt. sank
5 inches when a truck was loaded on board. What was the
weight of the truck? How much would it have sunk in fresh

water?

i bs b %
19, A diver weighs 165 1lbs., his dress 195 lbs.
he ad justs his air so that the ténder has to exert a pull

of 15 1lbs. to hold him up, how many cu. ft. of water does
he displace?

GASES

£ all the air is pumped out of a container, and
then %he container is weighed, it will ?e fognd to weigh
less than when full' of air. An augomoblle tire weighs
more when inflated than flat. It is apparent that airf%as
weight, which has been found to be 1/12 pound per cu. L
All gases have weight, some more than others.
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Being a fluid and having weight, air exerts pressure
and buoys up any object submerged in it just as a liquid
does. Balloons float in the air because they are buoyed
up by a force equal to the weight of the displaced air.
If the volume is decreased by allowing the gas lighter
than air to escape from the bag, the balloon sinks.

Put a little water in a can and boil the water.
Remove from the flame, cover the can tightly, and cool it
quickly. The steam will have driven out all of the air
in the can and when the can is cooled, the steam will con-
dense. The pressure of the atmosphere on the outside of
the can will crush it flat,

If a long tube, closed at one end, is filled with
mercury and the open end is inverted in an open dish of
mercury, the mercury will run out of the tube until the
weight of the column of mercury equals the force of the
air at the bottom of the tube., A vacuum will be left in
the space at the top of the tube. Measure the height of
mercury in the tube and it will be about 29.92 inches at
sea. level., This arrangement is one form of barometer and
is actually used to measure the pressure of the atmosphere.
The higher we go from the face of the earth, the less the
depth of air above us, and consequently the lower we can
expect the air pressure to be. Actually, the mercury
within the barometer will fall about 1 inch for each
thousand feet we ascend. An altimeter is made exactly
the same as a barometer; except that instead of being
marked to show the air pressure it is marked to show the
height above the surface of the earth just as a depth
gauge in a submarine shows the water pressure in feet of
depth instead of 1lbs. per sq. in. The pressure of the
earth's atmosphere is measured at sea level, which is
zero altitude. :

Lol e 8 e s el S DR N I L

The specific gravity of mercury is 13.6. The height
of a column of water which has the same pressure as the
mercury will be 13.6 x 29.92 feet, or 33.6 feet of fresh

water, It is 33 feet for salt water. The formula is: |
33 feet x O.445 1lbs. per ft. = 14.7 1lbs. per sq. in. ﬁ
This is the pressure of the earth’s atmosphere at sea |
leval:

When a pressure gauge reads zero, it indicates that
the pressure is the same as the pressure of the earth's
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atmosphere. Actually, zero gauge pressure is 1l4.7 1lbs.
per s8q. in. By adding 1l4.7 to the gauge reading we get
the true pressure in 1lbs. per sq. in., called absolute
pressure. By dividing 1lbs. per sg. in. by 14.7 1lbs., the
pressure of the atmosphere, we have the pressure in
atmospheres.

Take a U-shaped glass tube with one arm of the U
shorter than the other; seal it up. Pour mercury in the
long tube until the mercury stands at the same height in
both arms of the U. The air pressure will be one atmos-
phere and equal in both sides of the tube because if it
were not, the mercury would be pushed up in the side
having the less pressure. The volume of air ip the short
side of the tube will be equal to the area of the cross
section of the Tube (A), when multiplied by the length
of the tube above the mercury (l). Measure 1 and the
volume will be A x 1. Then pour more mercury into the
tube until the mercury in the long tube stands about
29.92 inches above the mercury in the short tube. The
pressure in the short tube is now two atmospheres. Meas-
ure 1 again and it will be 1/2 its former value. The new
volume will be A x 1/2, or 1/2A x 1. It is apparent that
if the absolute pressure is doubled, the volume is halved.

Let the first pressure be P1 and the second P2. Let
the first volume be V3 and the second Vp. Then
Py \'p)

= 1/2 and = 1/2

Ps Vi
Since P; and V, are both equal to 1/2, Py = V2

P Vi Py vy

This is called Boyle's Law, which is true for any
gas. It may also be expressed és follows: "The volume
of a gas is inversely proportional to the absolute pres-
sure. ™

en a gas is compressed, more molecules occupy the
same Egaceo gAs they fgy about they bump into eacghother
more frequently, and the resultant rebounds from es; ¥
collisions cause the molecules to fly about faster. g s
inecreased molecular motion produces more heat. When the
gas is allowed to expand, the mo
heat is less.

lecules slow éown and the




PROBLEMS ON BOYLE'S LAW

1, The capacity of an oxygen flask is 2.2 cu. ft.
What is the pressure if it contains 200 cubic feet of
oxygen?

2. How much will the air weigh in a torpedo air
flask 20 in. in diameter by 15 ft. long, charged to 2800
lbs. per sq. in.?

3., Eight men are trapped in a submarine compartment.
They have two 2.2.cu. ft. oxygen cylinders, the gauges of
which read 1300 and 1400 lbs. A man requiresl.5 cu. ft.
of oxygen per hour. How long will their oxygen supply
last?

L., A diver using torpedo air flasks should have at
least 25 lbs. above bottom pressure on his control valve;
air should be supplied at 4.5 cu. ft. per min.; at least
3 torpedo air flasks must be in the boat, and one must
be held in reserve. Pressure in all flasks must not be
allowed to drop below 220 lbs., per sq. in. over bottom
pressure, How long can you dive to 120 ft., with three
18 cu. ft. torpedo air flasks in a boat, each charged to
1,000 1bs.?

5. Calculate the air supply necessary for a diver
to work in 200 ft. for 5 hours. Twenty cu. ft. torpedo
air flasks, maximum capacity 2800 lbs. per sq. in., are
a\irailableo The diver requires 4.5 cu. ft. per minute of
alr.

Temperature is a measure of heat. The inventor of
the Fahrenheit thermometer believed that it was impossible
to obtain a temperature lower than the point at which he
placed the zero mark on the scale of his thermometer.
Today we believe that the heat, and consequently molecular
motion, exists down to 460°F, below zero, which is called
the absolute zero. The actual amount of heat present in
a body must therefore be referred to the absolute zero,
and temperatures based on this point are called absolute
temperatures. To obtain absolute temperature, add 460°
to the Fahrenheit temperature.

If the air in the end of the V-tube used to demon-
strate Boyle's Law were heated, it would be necessary to
increase the pressure by pouring in more mercury to keep
the volume of the air constant. This explains why a
charged flask should not be exposed to the sun.
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the air before
Represent the absolute pressure of

heatingpby P; and after heating by P Let Ty and T be
the absolute temperatures of the air before and after
heating. It will be found that s Py el T

BT

This holds good for all gases. It is ?al%eg Chgiies?
Law. which may also be expressed as followsé Te:ere 2
ume’of a gas remaining the same, the abso%u e
proportional to the absolute temperature.

If the pressure is kept constant gnd the ga? allowed
to expand as it is heated, it will be tound that:

This is Gay-lussac’s lLaw, which @ag bet;Za:deasthe
follows: "The pressure of a gas remaining e >
volume is proportional to the absolute tempe ;

All three of thé above equations can be combined in-

to one, called the Law of Gaseso.

) e—
B

Py, Vo T2

e, TH = T, and both
If the temperature is the same; y}e

cemvaln SR BT formulaé %ZaZig%el out, leaving Charles’

ame, Vy an i
;gipmewﬁzntgiespre;su%e does not change; Py and P2

© : g A

eliminated, giving Gay-Lussac’'S Law

PROBLEMS

to 3,000
air flask charged 5
Zigture of 1500 F. What will
oled to 750 F.7

LOorp
1, An 18 cu. ft.
: i temp
1bs. per sq. in. has &
its pgessure be when it has co ; 3
i Cu.- ¥
% Two full bottles gf oxgignggglglngaié O
: gt he e in
gt & gt sqhe same size. The pressur
tgltgo ?mgggsiéaigz ogotlbs_ at one instant. What was
a "ou

2
the temperature of the oxygen theé.

~:79 -
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3, The pressure in a tank is one atmosphere, tem-
perature 720 F., Air is forced in at a temperature equal
to the temperature in the tank until the pressure is 66
lbs. per sq. imn. by gauge. What is the temperature?

When a gas under pressure is in contact with a lig-
uid, the gas molecules will enter the spaces between the
molecules of the liquid, forming a solution. Soda water
is made by dissolving carbon dioxide in water. The gas
will continue to enter the liquid until the pressure of
the gas in the liquid is equal to the pressure of the
unabsorbed gas. LIf the pressure is released from the
outside gas, the gas in the liquid will leave the solu-
tion until the inside and outside pressures are equal.
When these pressures are equal and no gas is entering or
leaving the liquid, the solution is said to be saturated
for that pressure. This is what occurs when a bottle of
ginger ale is opened and the carbon dioxide allowed to
escape, making it flat.

When the external pressure of the gas is lower than
the internal pressure by a certain amount, the gas may
leave the solution so fast that it will form bubbles in
the liquid. Such bubbles are apparent in a freshly opened
bottle of ginger ale. Bubbles of nitrogen are formed in
the body of a diver in this way if he is not properly de-
compressed. The amount of gas absorbed by a liquid is
proportional to the pressure., This is called either
Dalton's Law or Henry's Law.

When a mixture of different gases is dissolved in a
liquid, each gas will be absorbed into the liquid in the
same manner as though each gas were alone. This is the
Law of Dalton and Henry. For example, taking air as a
mixture of 79% nitrogen and 21% oxygen, water will absorb
both gases until their pressures are equalized inside and
outside the solution, However, the pressure of the ni-
trogen is only 79% and the oxygen pressure is only 21%
of the pressure of the air. Because of these differences
in their pressures; the gases will enter the solution,
keeping the percentages of oxygen and nitrogen the same
inside and outside the solution.

If the water is saturated with air, and then oxygen
alone at the same pressure is placed in contact with the
water, the external pressure is then 100% oxygen and the
internal pressure is still only 21% oxygen. At the same
time, the external nitrogen pressure has been changed to
zero while the pressure of nitrogen in the water is still

AU

79%. Consequently, oxygen will enter and nitrogen will
leave the water until the two gases are again in equilib-
rium and the solution is again saturated for the changed
pressure conditions.

The above paragraph explains why a diver can elim-
inate nitrogen much faster from his body when breathing
pure oxygen during his decompression.

DIVER®'S AIR SUPPLY

A diver will require a minimum of 1.5 cu. ft. per
minute of air at the pressure of the dive to provide°
sufficient ventilation to carry away the carbon d§0x1deo
When working hard, he may require three or four t%mes as
much. When calculating the minimum quantity of.alr
which the diver will require, 1.5 cu. ft. per mlnuteuof
air may be used when hand pumps are to furnish tpe air..
When air is supplied by any other means, use 3 times this
figure or 4.5 cu. Tt. per minute at the pressure of the

dive.

Pressure in salt water is O.445 lbs, per:-sq. ine
per foot of depth. One atmosphere is 14.7 1lbs. per sSq.
in. Pressure in salt water is therefore Okth5, or 150303

X deptﬁ of F feet
atmosphere per foot. The pressure at a ‘
will ge 0.0303 x F. atmosphere’s gauge, OrI (0.0303 x F)
4 1 atmosphere absolute.

i ini i ly for a diver

Let S be the required minimum air supp
measured in cu. ft. per minute at atmospher@c pressure. £
To find 8 for a diver at a depth of F ft., it is apparen

that:

P = 1l atmos.

Pp = 1 # (0.0303 x F) atmos.

V1 = S cu. ft. per min.

Vo = 1.5 cu. £t . per min.

Py = V23 0T rearranged to solve
Fai ey
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S =1.5x (1 # (0.0303 x F))
PROBLEMS

1. The capacity of a compressor is 15 cu, ft. per

hour at 2500 1lbs. per sq. in. Would you use it to furnish
air for a dive to 250 ft., and why?

2., The cylinders of a two-cylinder, single-acting
compressor have a 6-inch bore and a 1l2-inch stroke. How
many r.p.m. must it make to give one diver 4.5 cu. ft.
of air per minute at 200 ft.?

3. A one=-=cylinder, double-acting compressor has a
L-inch bore, 6-inch stroke, l-inch diameter piston rod,

300 r.p.m, How many cu. ft. per minute can it deliver at
30 ft., depth?

4L, Diver's air is being supplied from a low-pres-
sure compressor delivering 150 1lbs. per sq. in. into a
receiver which is 6 ft. long and 4 ft. in diameter. If

the compressor stops, how long can the diver stay at 26
t.?

5. A four-stage compressor has the following name-
plate data: 12 = 6 - 4 - 2 x 8 inches, 25 r.p.m. How
deep can a diver work, allowing for a relief diver?

FLASKS

When a diver’s air supply is to be taken from high-
-pressure air flasks, the following conditions must be met:

1. Allow 4.5 cu. ft. per minute at pressure of dive
for each diver.

2, At least 3 torpedo air flasks must be used, the
air in one flask to be used only in an emergency.

3., When diving from a boat in depths over 120 ft.,
a stand-by boat must be equipped with at least 3 charged
flasks connected up ready for use so that it can be
brought up and used in an emergency.

Limal

L. The pressure in any flask in use must not be
permitted to fall below 220 lbs. gauge (15 atmospheres)
over the pressure at the depth of the dive,

5. Allow one atmosphere from one flask to charge
volume tank, hose, etc.

To find the length of time one air flask will last:
= Capacity of one flask in cu. ft.
" A = Gauge pressure of flask in atmospheres.
= Number of divers. :
= Pressure of dive in atmos. gauge.
® Pj= Absolute pressure in flask.
n Po= Absolute pressure of dive.
" V1= Volume of air in flask. X
" Vp= Volume of air required by diver during e
dive.

from the flask.

The divers cannot get all of the air

Fifteen atmospheres gauge and gauge pressure of dige must

be left in the flask for safetyok A.lllsoé oggcatngg zggther
is used to charge test tank, nose, 0

§€;§there to the sum of these pressures to get absolute

pressure.

tmos.
: - gauge pressure of flask plus one a
s iéss gllgof the aboYe lgs;ei i)(A 4 1) -
" 1) = A - (15 o
§;5=%gauée %ressure of dive plus 1 atmosphere
E 1.
Vi Z volume of air in flask = C.
in one minute,
e diver takes 4.5 cu. Tto of air
and 1%fh:ncan stay down Y minutes, he will take Y x 4.5

gg: g;cg Y x 4.5 x number of divers = Y X L.5 x D,

s Wasiopikimo(dll £ B 1) = TiksDs
P?2~Vl E £ 1 C

=3

We want to find out how long the diversbczg :gggsdggn
bbubtppy. e A wedsgiv?dgoiogﬁ s?gégigiybog D. We find
by C an v =
gﬁ:t?quggéo?lazk will give duration of dive in minutes

c (A- (15 #£#E £1
L.5 D (B




PROBLEMS

1. How long can a diver remain at 140 ft. on the air

fron one flask of 16 cu. ft. charged to 1500 1lbs.?

2. Two divers remain at 100 ft. for one hour. The
diving boat has 3 air flasks of 11 cu. ft. each original-

ly charged to 800 lbs. Will there be enough air for
their decompression?

3. A diving job is estimated to require two divers
at a time for a total of 3 hours on the bottom in 200 ft.;
18 cu., ft. air flasks are available, but they can be
charged to 1,000 lbs. only. Boats available are one 50
ft., and two 4O ft. motor launches. The larger will hold
L4, flasks; the smaller will take 3. What air supply will
you provide for divers?

L., Calculate the pressures a diver will have left
in three 12 cu. ft. flasks each charged to 900 lbs. after

he makes a 20 minute dive to 150 ft. and completes his
decompression.

DIVER'’S AIR PUMPS

In a single-acting cylinder of an air compressor,
the inlet valve is opened by the pressure of the atmos-
phere as the piston moves away from the cylinder head.
Air enters the cylinder at atmospheric pressure, When
the piston has reached the bottom head of the cylinder,
it pushes against the air which has entered the cylinder.
This pressure closes the inlet valve against the pressure
of the atmosphere and forces the exhaust valve open, per-
mitting the piston to push the air out of the cylinder
until it reaches the end of its stroke. For each revo=-
lution of a single-acting compressor, the piston will make
one suction and one discharge stroke. If there is more
than one cylinder, this cycle will be carried out in each.

A double-acting cylinder is equipped with valves and
heads at each end so that regardless of which way the
piston is moving, it is compressing the air on one side
and sucking in air on the other side. For each revolution
of a double-acting compressor, there will be two suction
and two discharge strokes of the piston.

The volume of air at atmospheric pressure which
passes through the cylinder of a single-acting compressor
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at each revolution must be the length of the stroke of
the piston multiplied by the area of the cross section
of the piston. The volume of air;at atmospheric pres-
sure passing through a double-acting cylinder at each
revolution must be the length of the cylinder multiplied
by the area of the piston on one side of the piston.
Because it is necessary to have piston rods to move the
pistons, the piston area will not be the same on both
sides. The area of the cross section of the piston rod
must be deducted from the piston area on one side.

the amount of free air which will be passed
tnrouég the compressor in one revolution is known, the F
amount which will be passed through during any number o
revolutions can be found. If the speed (revolutions per
minute is known), the volume of air at atmospheric §res~
sure which will pass through in a given lengtn of time
can be calculated.

ortunatel no air compressor or pump can be
builtugg deliver zﬁis theoretical volume of air. tggg
air coming into the cylinder is at slightly less oy
atmospheric pressure because the valve passagestres e
i{ts flow; there is always igme leakiggfpgiz £§§c§nz g
valves, etc. To fin e amoun

;ggssor wiil actually pump, it is necessaryitg kgowoghe
extent of those losses which reduce the efficilency

the compressor.

tual amount of air

ficiency is the ratio of the ac

delivgﬁed by tge compressor tg ghelgggoigzécgérggggnttig
d deliver. Since it mus e b

:?ggiiency ijs always less than one. To Obta%?ig?angrby

centage of efficiency, merely multiply the e

100,

The less efficient a compressor isvlagg ggr:igfvol
lutions it must make to pump the same VO RS D U .
theoretically perfect compressor has an e S natives
100% and would require the gzwe:gfggg:ig;i&gil vie e
the seme quantity of air. ¥ per of revolutions

. oportional to the num s t
Eﬁainzﬁisiéipgﬁsﬁor requires to deliver a given quantity

of air.

he compressor
known volume with ©t
ggraof revolutions Eequiiigltgu;gi%do%p
i e ac
b e : quantity of air with

Pump air in
and note the num
a certain pressure. ¢
revolutions required to pump a given




this compressor.

From the dimensions of the pump, and the volume and
pressure of the discharged air, we can use Boyle's Law
"to calculate the theoretical number of revolutions which
this compressor would require to pump this quantity of
air if it were perfect and had an efficiency of 100%.

Applying Boyle's law:

= test pressure.
P2 = atmospheric pressure.
= volume of test tank.
Vo = volume of air at atmospheric pressure which
must be compressed to give test pressure
in test tank.

Let T = theoretical capacity of pump cylinders in
cu. in. for each revolution.

P = test pressure in 1lbs., per sq. in. gauge.

C = capacity of the test tank plus air hose,
fittings, and space in the discharge side
of the pump in cu. in. ‘

= theoretical number of revolutions required
to charge test tank to pressure P.

X = number of revolutions actually required to
charge test tank to P.

PP

Pp = 14.7 1bs, per sq. in.

V.86

Vz:RT

Pyl giVouor Ple RT

P it ¥4 a2k 7 X
Solving for the theoretical revolutions,

R= CP

IEG: T
The efficiency of this compressor will be 100 §a
PROBLEMS

1. A Mark III Navy Standard Diving pump is to be

tested. The test tank has a capacity of 1870 cu. in.
Use one length of hose. It requires 50 revolutions to

=86 o

charge test tank to 100 1lbs. per square inch. What is
the per cent efficiency?

2. There is on hand a Mark II pump requiring 48
turns to charge a 1790 cu., in. test tank to 100 1lbs. per
8g. in., 'using a 50 foot length of diving hose. The
waste space is 43 cu., in. for a Mark II pump. What is the
per cent efficiency?

3. How many revolutions are required to charge a
test tank of 1.5 cu. ft. capacity to 100 1lbs., per sq. in.,
using a Mark III diving pump, 70% efficient. Use 100 ft.
of hose.

L. If a Mark III pump is 5 per cent efficient;, how
many revolutions are required to charge a cubic foot
tank to 50 1lbs. per sq. in., using 1 length of air hose?

5. Repairs are made to the cylinders of a Mark III
pump while on a job. No test tank was brought along.
The diving officer decides to find the new efficiency of
the pump by charging the diver's air hose; consisting of
four 50 ft., lengths, to a pressure of 100 lbs. per sq.
in. If 20 turns of the pump are required, what is its
efficiency?

6. The nameplate of a high-pressure air compressor
gives its capacity as 50 cu. ft. per hour at 3,000 1bs.
per sq. in. and 400 r.p.m. If this compressor takes three
hours to charge a 210 cu. ft. accumulator from 2,000 to
3,000 1lbs. per sq. in., what is its present efficiency,
taking the rated capacity as 100%

Because the diver requires at least 1.5 cu. ft. of
air per minute at the pressure of his depth, it is nec-
essary that his air pump be turned over fgst enough to
supply at least this quantity of air to his helmet. With
hard work, the diver may require 3 or 4 times this amount

of "alzr’

We can calculate the minimum speed to turn a pump
that is 100% efficient as follows:

Let R = Number of revolutions per minute required
with the pump to furnish 1.5 cu, ft., per
minute of air at atmOSpheric pressugii s
N = Number of cu. in. of air the pumb W -
nish each revolution if it is 100% efficient.
3% 5 udis ifts of sedrtper minute = 1.5 x 1728

= 2592 cu. in. per minute.

=
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Then R = 2592 r.p.m.
N

The Navy Type Shallow -Water Outfit is

Now let D = depth of water in feet. A the Miller-Dunn No. 3 “Divinhood.” Very
X = number of revolutions per minute required % % Jn&LX&S?R@%&ﬁﬁE&E@S&;ﬁi&ﬁ
of the pump to furnish 1.5 cu. ft. A N - is required and the helmet may be slipped

(2592 cu. in. ) per minute at depth D. 4 off the head so the diver may swim to the

surface in case of an emergency. In the il-
lustration,arrows on the face plate indicate

Applying Boyle's Law: . e sias the direction of the air after it enters the
. 2 | helmet. Lead weights are fastened to the

¥ Sty : front and the back of the helmet by wing
Pl z0% atmosphexea y <1 Wity L ; nuts and (A) shows the tool bag, (B) the
Pols absolute pressure of dive = (1 " .0303 D atmos- s D i A ] standard diving knife, and (C) the deep-sea
phere ) o Bl o diving light. The double-action hand pump
z i supplies sufficient air for divers in depths
Vl = volume of free air to be supplied to diver in ‘ B E 7y up to 36 feet and the arrows show the air
1 minute = XN. . : /4 ) entering the ig\lvl valves zmdAlhcn going out
V2 = volume Of. air to be supplied to diver at pres- 1 : i‘li]:i'l)‘ll':-:I;u::']ll;ﬂ(:} :II::(.l)'L:,r!:::ca(ll':*‘l(.l:;' (r\hltn::}::]l(:
sure of his depth in 1 minute = 1. o3 ) B LAY of per piston rods, flexible hose connection, cylin-
minute = 2592 cu. in. per minute. ders hinged at the base, and the handle.
Vl = P2 V2

Py

Substituting, XN = (1 # .0303D) x 2592
T
Since R = 2592, 2592 = RN :
TN

XN = (1 # .0303D) RN .
N cancels out so that X = R(1 £ .0303D)

We know that a pump which is less efficient must i
make more revolutions to deliver the same quantity of air
because it has greater leakage. Then X must be inversely

proportional to the efficiency if the efficien
than 100%. , ency is other

Ir E is the efficiency in per cent of a pump 1
than 100% efficient, then ol

X for a pump of E efficienc = 100
X Tor a pump of 100% efficiency =&
or X for a pump E% efficient = 100 x R(1 # 0.0303D)
and for any pump, X = 100R (1 Z D (0.0303))
E

PROBLEMS

1. A Mark III pump is 75% efficient. How many r.p.m.

THE SHALLOW-WATER DIVING HELMET
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are required to furnish‘minimum air supply to a diver at
50 feet?

2, With a Mark III hand pump, how deep can a diver
go if the maximum possible speed of the pump is 30 r.p.m.
and he receives the minimum allowable air supply?

3. Calculate the r.p.m. required for a Mark I, a
Mark II, and a Mark III pump to furnish air to one diver
at 20 ft:, using each of the three pumps alone. All are
80% efficient.

L. Two Mark III pumps are available, each to supply
air to one diver. If one is 83% efficient and the other
is 72% efficient, how many r.p.m. will each have to make
if the divers are at 38 feet?

5. A diver is to be sent down to 108 ft. Two hand
pumps, Mark III, are available with efficiencies of 81%
and 76%. How fast must each be run? Can a relief diver
be sent down?

6. An air compressor is rated at 150 cu. ft. of air
per minute at 400 lbs. and 300 r.p.m. By charging the
receiver to 400 lbs., it appears that the compressor is
doing only 52% of this. A tachometer shows that it is
making only 210 r.p.m. If speeded up to designed speed,
will this compressor make its rated output?

7. At what speed should a compressor be run to sup-
ply two divers at 100 ft. if it is rated at 10 cu. ft.
per minute at 90 lbs. and 125 r.p.m.?

8. How many Mark III hand pumps, 75% efficient,
should be used to dive on a wreck in 95 ft. of water?

In solving the foregoing problems, it will be noted
that R = 6.4 for a Mark III pump, 8.75 for a Mark 2 i 28
and 9,33 for a Mark I. For a Mark III pump:

X = 100 x 6°4E(1 4 ,0303D)
= 100 (6.4 é (6.4 x .0303D)
So X = 100 (6.4 é .104D) for a Mark III pump.

This means that to compute the r.p.m. of a pump which

gil%hfurnish a diver with the minimum air supply at any
epth:

=gl

Multiply depth in feet by 0.194

Add 6.4 to the product

Divide this sum by the efficiency of the pump in per
cent and multiply the quotient by 100,

PROBLEMS

1. Compute similar formulae for Mark II and Mark I
pumps.

2. Two Mark III pumps, efficiency 68% and 74%, are
to be used. Find the minimum r.p.m. for 50 ft. of water.

3. How deep can a diver descend with a Mark III
pump that is 68% efficient?

L. A Mark III pump has been found to be 79% effi-
cient., Compute the formula for finding the minimum r.p.m.
for any depth.

WHENEVER A PUMP IS TESTED AND THE EFFICIENCY DETER-
MINED, THIS FORMULA CAN BE COMPUTED AND POSTED IN THE
COVER OF THE PUMP.
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CHAPTER V

THE SHALLOW WATER DIVING APPARATUS
(Miller=Dunn Navy Type)

The equipment consists of the following principal
parts: helmet with weights, pump, and air hose.

The general characteristics of the apparatus are as
follows: length of stroke, 3.75 inches; inside diameter
of cylinders, 3.375 inches; inside depth of cylinders, 5
inches; delivery per stroke, (when 100% efficient),

33,55 cu. inches; waste space of manifold, 1.5 cu. inches;
length of piston rods, 6.375 inches; diameter of piston
rods, 0.625 inches; thickness of assembled piston, 1 inch;
weight of helmet, (without weights), 263 lbs: each lead
weight, 8.25 1bs; total weight of helmet, with weights,

60 lbs; weight of pump with handle, 28 1lbs; weight of 50
feet length of hose, 16.75 1lbs. The total weight of the
complete outfit is about 105 1lbs. and the maximum allow-
able depth is 36 feet.

THE MILLER-DUNN DIVINHOOD

The Divinhood may be considered as a diving bell
fitted for the diver'’s head. Air admitted under a pres-
sure in excess of the water pressure maintains the water
level inside the helmet well below the diver's respira-
tory passages, when the diver is in an erect position.
The diver is thereby able to breathe freely while the
rest of his body is encompassed by water. The helmet is
of copper, cylindrical in shape, with a domed top, and
shaped with a rolled edge at the bottom to conform with
and rest comfortably on a diver‘’s shoulders, upper chest,
and back. The front of the helmet is fitted with a heavy
bronze frame in which are located two helmet windows of
plate glass. The windows are made watertight by being set
in soft wicking soaked with white lead. Securing the win-
dows in place 1is effected by right and left hand securing
frames held by means of hexagonal head stud bolts to the
helmet frame., Either glass may be removed for replacement
without disturbing the other. The size of the windows
forming the faceplate gives a wide range of vision with no
blind spots. A guard with a long top and a short bottom
prevents breakage of the glass. A handle is riveted to the
top of the helmet to facilitate handling. An air inlet
connection, termed the gooseneck, is riveted and sweated

bl &

on the right side of the helmet, curved downward and to-
ward the rear at an angle of approximately 35 degrees to
give a fair lead to the air hose. The end of the goose-
neck is threaded and to it is secured the female coupling
of the air hose. The bight of hose is led under the
diver's right armpit, brought up in .front of the right
shoulder and secured by means of a marline stop hitched

in an eye formed on the curve of the gooseneck. The bight
of hose under the diver’s arm must form a loop sufficiently
large to enable the diver to throw the helmet from his
shoulders in case of necessity. A copper baffle plate
sweated over the air inlet inside the helmet deflects the
air upon entrance and the flow is caused to pass over the
faceplate, thereby preventing the glass from fogeging.
Small holes in the bottom part of the helmet permit the
escape of excess air in addition to that which escapes
around the shoulders. Broad copper straps are riveted to
the front and back plates of the helmet and are for the
purpose of receiving and holding the brass clips molded

in the lead weights. The lead weights prevent the helmet
from lifting off the diver’s shoulders. The four lead
weights are hung on the weight straps of the_helmet9 ?wo
in front and two at the back, through holes in the weights
and helmet to prevent loss.

THE AIR PUMP

The air supply is furnished by a two=-cylinder, single-
acting manually operated pump.

The bottom plate of the air pump is an irregularly
shaped iron casting having a vertical standard in the
center to which is pinned a rocker arm or beam of the same
material. Located at each end and integral with it are
vertical pads to which the lower cylinder head lugs are
pinned. Four slots are formed in the edge of the bottom
plate for securing the pump by means of large wood screws

to a plank or platform.

linders, mounted vertically, are of seamless
drawnT%iagZ%iBL375" in diameter with an inside degth of
5 inches. Each cylinder is closed at the bottom yti
composition metal head screwed and gweated permanenhiy
in place. Cast with the bottom cylinder head is ath nge
lug by means of which the cylinders are pinneditg [ o8
bottom plate. This method of securigg the cylin ersdpe &
mits them to move slightly in a vertical plane in or gr
center their axis with the ends of the rocker agm gr g?m
which makes a vertical arc on the down and up strokes




the piston. There is a drilled, threaded extension on
the side of the bottom cylinder heads into which is
screwed the air lead connection integral with the valve
body. Inside the cylinder, the bottom head has an air
channel scored out which leads to the air connection.
The top cylinder head is threaded and screws on the
cylinder. Lugs, cast in one with the head, may be engaged
by a hook spanner wrench for tightening or removal., The
piston rod passes through a center hole in the cylinder
head which forms a guide for it. Four other holes are
drilled through the top cylinder head. These holes are
primarily to prevent cushioning on the up stroke of the
pistons but also for oiling the piston leathers, for heat
dissipation, and for lightness. The rocker arm or beam
pinned to the vertical standard of the bottom plate has
drilled fork ends to which are pinned the upper ends of
the piston rods. A socket formed in the rocker arm cast-
ing provides a means for holding the pump handle, which
is held in place by a set screw. The pump handle is 37.5
inches in length and is fitted with a hardwood handgrip.
Each piston consists of two cast disks with a cup leather
interposed between them. The piston rod, threaded on the
lower end, passes through a central hole in the upper
disk and cup leather screws in a threaded hole in the.
lower disk. When assembled properly on the piston rod,
the piston is one inch thick.

The valve bodies, carried in a vertical position,
are interconnected by a seven-inch length of flexible
rubber hose and these parts constitute the pump manifold.
In the lower end of each valve body is screwed a nut with
a 3/8 inch hole drilled through the center. This hole
forms the suction intake for each cylinder. The upper,
inside part of the nut forms a seat for the inlet valve.
The inlet valve, which is of the floating type, has a
short fluted stem and a flat seat faced with a leather
washer. This valve is held seated, due to its own weight
and the pressure of delivery air when its respective
cylinder is under compression. On the suction stroke, the
velve lifts, permitting air to enter the bottom of the
cylinder. An outlet valve is located in the upper part
of each valve body. They are similar in shape and size
to the inlet valves., The valve seats down on a seat
formed in the valve body. The compression stroke causes
the valve to lift and discharge air from the cylinder past
the valve to the air hose; the upper ends of the valve
bodies are closed by nuts. When facing the pump manifold,
the right-hand valve body nut has an air connection for
the male fitting of the diving hose. Near the manifold
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air connection to each bottom cylinder head is a screw
which may be removed to drain excess oil collected ‘in
cylinders.

THE AIR HOSE

This is a flexible, vulcanized rubber tube surrounded
by a two-ply, braided duck covering laid in rubber which
is in turn covered by a smooth outer layer of rubber.

The hose is 50 feet in length, 0.5 inch diameter of bore
and with an outside diameter of one inch. One end of the
hose is fitted with a brass male coupling having a com-
mercial thread which connects to the pump manifold. The
other coupling is of a female type and connects to the
gooseneck of the helmet.

This equipment is highly efficient to depths not
exceeding 36 feet. Its use is not restr%cted to trained
divers; the only qualification required is that the user
be an expert swimmer. Being light, it can be transported
easily and is quickly put in operation in case of emer-
gency. Tests have shown that the pump is 90% efficient
when charging a capacity of 1888 cubic inches to a pres-
sure of 20 pounds per square in. Only three men are re-
quired for a diving crew, as follows: Diver, tender, and

pump man.

Under no circumstances should the helmet be secured
to the diver. Additional weights should never be at-
tached to the diver's body. A small life line should
always be secured around the diver’s body and the surface

end held by the tender.

tically the
The general care of the apparatus is prac
same as t%at required for the Navy standard equipment.

NAVY DEPARTMENT

WASHINGTON, D. C.

GENERAL ORDER NO. 49. May 13, 1935

DANGERS OF HELMET DIVING

i dangers involved in
1. Attention is called to the !
the practice of diving with the helmettand g;;?gugoghe
y ° e 3 . a
diving suit articularly when diving to & CE
Wiichgdecomgrgssion is required. Helmgt diglngtﬁgi Ege
advantage over diving with the full suit other e
comfort of the diver in tropical waters. In case
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difficulty, the diver can handle himself to better advan-
tage when wearing the full suit; and he is much safer.

2. Before authorizing helmet divin the o
charge of the work will satisfy himself %ﬁat thefgggg§ain
circumstances make this procedure particularly desirable
and that no undue hazard will be incurred by the diver
Helmet diving to depths in excess of 36 feet will be con-
sidered gnly for experienced divers who have been recently
engaged in diving. The officer in charge, prior to the
lowering of the diver, shall see that the diving air hose
is looped under the diver'’s arm and that there is no dan-
ger frgm this source of accidentally pulling the helmet
from hl? head. Descents and ascents shall be made on the
descending line or stage. Ascents shall be made with the
helmet on and the air supply from the surface to the hel-
met shall be continued until the diver is on deck and the
helmet removed. In all dives in excess of 36 feet, as-
cents shall be made in accordance with the decompréssion
stages prescribed in the Diving Manual. Ascents from
depths of 36 feet and less may be made up the ascending
line or by stage hoisted from the surface at a rate not
greater than 50 feet per minute. Divers should be cau-
tioned not to hold their breath but to freely vent air
from the lungs during such ascents.

Claude A. Swanson
Secretary of the Navy.

THE IMPROVED TYPE "LUNG"-PLUG TYPE FOR AUXILIARY
USE AS A RESPIRATOR (See Figure 6).

The principle of operation for both the o0ld t

[ e
"lung" and the improved types is identical in evergpre-
spect. Since both the old and the improved types are

used in the same way, the trainin
change. 2 g procedure involves no

The design of the metal mouthpiece is th -
ical change that has been made. Tﬁe new moztgp?gig ggg-
sists of a vertical metal cylinder containing mica disc
valves and air conduits for controlling the directional
flow of the inhalations and the exhalations. The cut-
otTL Yalve is mounted on the top of the mica disc valve
housing. The rubber mouthpiece is of the same design as
used in the old type "lung®" and is secured to the metal
moutppiece aft of the cut-off valve., The mica disc valves
cons;st of both an inhalation and an exhalation valve.
The inhalation valve is annular shaped and is mountedvon
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an annular ring provided with two annular knife-edged
seats. The exhalation air duct consists of a metal tube
suspended from the annular ring. The mouthpiece is secured
to the breathing bag nozzle by a threaded connection of

the winged nut type. By means of the winged nut, the metal
mouthpiece can be secured airtight and watertight to the
breathing bag nozzle by normal hand pressure, thus obviat-
ing the need of wrenches or pliers for this purpose as was
the case with the old type "lung."

The removal of the respirator receptacle plug con-
verts the "lung" from a self-contained or closed type
apparatus to an open type device in which the necessary
air for breathing purposes is drawn from the outside
atmosphere. Before it is inhaled, the air is purified by
passing through the soda lime canister centrally located
in the breathing bag. The canister has a capacity of
approximately 500 cubic centimeters of soda lime.

The breathing bag is of stockinette-covered rubber.
Reinforced fabric has been molded into the rubber as a
support for the metal flanges and all corners of the metal
canister. The top edges of the bag have been recessed in
the center in order to accommodate the canister nozzle.

When the improved type nlungs" are used as submarine
respirators for protection against gas, care should be
taken that the sealing plug is tightly replaced soO that
the airtight integrity of the breathing bag is re-estab-
1ished before using the nlungs" as submarine rescue de-

vices.

The chemical in the "lung" canister will not protect
the wearer against carbon monoxide. For protection against
carbon monoxide it has been the past practice to furnish
submarine respirators fitted with canisters containing
the chemical hopcalite, a catalyst, which when brought
into contact WT%E'EEFSon monoxide converts the latter into
harmless concentrations of carbon dioxide. A small
canister containing hopcalite has been designed to screw
into the receptacle after the plug has been removed.
Instructions for use are labeled on the can.
estimated that these small hopcalite canisters can be
removed from their containers and Tit into the "lung"
receptacle in less than one minute and when used with the
njung™ will protect against carbon monoxide for a period
of at least 50 minutes. They will also protect the
wearer indefinitely against jnhalation of smoke.




Goggles will give escaping men better vision while
ascending the buoy line, and suitable goggles are avail-
able for this purpose.

CHARGING AND TESTING OF NAVY TYPE HALF-HOUR, SELF-
CONTAINED OXYGEN BREATHING APPARATUS

With a complete apparatus including a regenerator
charged with’ one pound of carbon dioxide and oxygen bottle
charged to 150 atmospheres (equivalent to approximately
2% cu. ft. of oxygen), the following tests are necessary
in order to determine whether or not the apparatus is
functioning properly:

3 CLOSING VALVE ‘ :

The closing valve is immersed in water and esoaping
air bubbles will indicate leakage. The main closing valve
is opened after the valve is capped and then again immersed
in water, Escaping air bubbles will indicate leakage
around the pgcking gland or valve stem. Then close valve
and remove closing valve cap. Providing no leaks occurred
in the above. tests, place oxygen cylinder in frame and
attach closing valve to reducing valve, observing that
gasket is in, place. :

The by-pass tube is then connected to cooler and
oxygen cylinder, observing that the gaskets are in place.

The moufhpiece, the inhalation and exhalation tubes
are connected to the cooler and regenerator observing
that gaskets' are in place.

e CIRCULATORY SYSTEM

First place the thumb over the aperture in the rubber
mouthpiece and open the main oxygen valve, If admission
and reducing valves are functioning properly and there is
no leakage in circulatory system of apparatus, the breath-
ing bag will be inflated to its normal capacity° Leakage
to outside atmosphere can be detected by the application
of soap suds with a brush.

3. REDUCING VALVE

Ir there is leakage in the seat of the reducing valve
and if at the same time the admission valve is functioning
properly, excess pressure will operate the safety valve,
thus making leakage evident., Such leakage can be remedied
by suitable repairs to the valve seat.
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SUBMARINE RESCUE BREATHING APPARATUS
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The illustration shows a man escaping
from a submarine via the buoy line.” The
line should be held between the feet while
the hands grasp the rope in the position
shown and if the man looks straight ahead
he can breathe more or less normally. The
visible parts of the “lung” are the chest and
shoulder straps, rubber mouthpiece, nose
clamp. hold - down clamps, breathing bag,
and receptac le and xedlmg plug. Alsoshown
is a view of the* lung with the receptacle
plu,, removed, t\posm;., the soda lime dust
in the canister. The “lung” now is ready to
be used as a respirator for pmtullon
against gas. The plug-less “lung” can be
used as a protection against carbon monox-
ide gas by merely adding the Hopcalite
canister.

AIR INLET VALVE

AIR OUTLET VALVE (FLUTTER TYPE)

CUTOFF VALVE
HOLD-DOWN CLAMPS
NOSE CLAMPS

RUBBER MOUTHPIECE




L., ADMISSION VALVE

It the reducing valve is functioning properly but the
admission valve is feeding above or below normal, such
defects will be indicated by excessive inflation of the
breathing bag or by lack of inflation. In event of such
defects, suitable repair of admission valve or admission
valve seat will be necessary.

5. ADMISSION VALVE AND REDUCING VALVE

If both the reducing valve and the admission valve
are out of order, suitable repairs will have to be made
to each., If such an unusual combination of defects seems
present, substitute a new reducing valve for one thought
to be out of order and test the admission valve again.

6. SAFETY VALVE

In order to test safety valve for proper functioning,
close the admission valve by drawing the top of the breath-
ing bag outward; then compress the copper bellows until
the reducing valve seat opens, thus allowing the oxygen
to flow into the reducing valve chamber at a higher pres-
sure until the blow-off point of the safety valve is
reached. This will be indicated by the safety valve
whistling and allowing the excessive pressure to be re-
duced.

Resistance to free circulation of air in the appa-
ratus can be detected by breathing into and from the fully
assembled and charged apparatus; abnormal resistance will
indicate obstruction in the circulatory system. Such
resistance may be due to kinked or collapsed breathing
tube, overcharged regenerator, or a foreign substance in
circulatory system.

7. MOUTHPIECE

The mouthpiece, containing valves and attached cor-
rugated tubes with connections; is tested for air tight-
ness and functioning of valves in the following manner:

Place a solid plug in the exhalation coupling and
your thumb over the opening of the mouthpiece; then blow
into the inhalation coupling after immersing all parts in
water; any leaks can be observed by escaping air bubbles.
Place the mouthpiece in your mouth with solid plug still
in exhalation coupling and attempt to exhale with the in-
halation coupling in water; any leaks through the inhala-
tion valve can be detected by air bubbles issuing from
the inhalation coupling. Then with the mouthpiece in your
mouth, test the exhalation valve for functioning by exhaling
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and inhaling, observing that valve opens and closes freely;
then place the exhalation coupling against the mouth and
exhale with the mouthpiece in water; any leaks through

the exhalation valve can be detected by air bubbles
issuing from the mouthpiece.

8. RELIEF VALVE

The mica valve in the saliva trap can be tested by
putting solid plug connections in the inhalation and exhala-
tion couplings; then immerse the rubber mouthpiece in
water. By removing relief valve and blowing into relief
valve barrel, any leakage through mica valve can be
detected by air bubbles issuing from the rubber mouthpiece.

Before attaching mouthpiece and tubes to apparatus
and after removing solid plug connections, test operation
of the saliva trap and the relief valve by p}acing the
palm of the hand over the end of the exhalation tube,
pressing the relief valve open and exhaling several times,
observing that exhaled air passes freely to the outside
through the relief valve,

9. GENERAL TEST FOR TIGHTNESS ;

If above tests have shown apparatus to be airtight
and functioning properly, complete the assembly of the
.apparatus, and give the final ?est with soap'suds and
brush all connections for airtightness, putting air pres-
sure in the apparatus by opening the by-pass momentarily.

INFORMATION ON HALF-HOUR APPARATUS

ysis of Oxz%en in large Oxygen Cylinder.
%gleureau ST Mines' specifications call for 98 per

cent pure oxygen, impurity to consist of nitrogen only.

sis of Air in Breathing Bag.
enziythe wearer inhales from the apparatus and ex-

i three times, the
the outside atmosphere at least p
giii;sgg of air in the breathing ?ag is approximately 75
per cent oXygen and 25 per cent nitrogen.

lve and Saliva Trap.
%%%lggigg?ﬁﬁalve should be used at least once in

inutes., thus enriching the'mixture of air
?geggetgiggzhﬁig bagswith oxygen. This is an added ?ng
desirable factor of safety in case the'appgratus cylinder
tains more nitrogen than the specifications call for.
g g ntage of a combined seliva trap and relief valve
?ﬁ %hgamouthpiece is that when saliva is released to the
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outside, the air in the breathing bag is automatically
enriched with oxygen.

REDUCING VALVE.
The pressure in the reducing valve is approximately
three pounds per square inch.

SAFETY VALVE.

The blowoff pressure in the safety valve is set at
approximately seven pounds per square inch. In releasing,
the safety valve gives a warning whistle to the wearer
when the pressure exceeds seven pounds.

PRESSURE IN BREATHING BAG. .

The pressure in the breathing bag upon exhalation is
approximately 3/4" positive pressure water gauge; upon
inhalation the pressure is approximately 1/8" positive
water gauge; the normal pressure in a breathing bag under
ordinary working conditions is approximately 1/4" water
gauge.

INFORMATION OF McAA NAVY TYPE HALF-HOUR
BREATHING APPARATUS.

l. STEEL CYLINDER.

Cylinder holds 2-1/2 cu. ft. of oxygen at 150 atmos-
pheres pressure and meets the requirements of the Inter-
state Commerce Commission as shown by the stamp of the
Commission on the cylinder. The cylinder is 3-1/4 inches
in diameter, 7 inches in length, and approximately 3/16
inches in thickness.

2. OXYGEN CLOSING VALVE.

The oxygen closing valve consists of the following
principal parts: brass forgings, copper tube, main valve,
by-pass, valve, safety cap, connection for reducing valve
and by-pass, and lock nut.

(a) BRASS FORGING.

A brass forging is used rather than a casting in
order to prevent oxygen leakage likely to develop under
high pressure due to possible porous conditions of casting.

(b) COPPER TUBE.

A straight copper tube 1/4" outside diameter,
closed at one end with two 1/8" diameter perforations 1/2"
from the closed end, is screwed into the intake end of the
closing valve and projects 2" into the bottle when the
closing valve is installed in the bottle. This arrangement
makes it possible to secure the oxygen from near the center
of the bottle, thereby preventing sediment or moisture from
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entering the closing valve.
(c) MAIN VALVE.

This valve controls the supply of oxygen to the
reducing valve. The valve consists of the following mechan-
ical features: the wheel is fastened solidly to a non-
rusting German silver stem; this stem has a shoulder on it
above the packing gland in order that the wearer cannot
screw stem out more than four turns and thus waste the
supply of oxygen by complete unscrewing of valve wheel.
One full turn opens the valve seat. The end of the stem
and casting seat makes a valve of the needle-point type.
The threads on stem and casting are arranged in such a

"manner that the packing does not work down into the

threads and make the valve hard to open or close. The
packing gland collar is held in place by a lock nut so that
when the shoulder of the valve stem is turned out, the
friction on the packing gland collar will not cause it to
work loose, thus making a leak around the packing and stem.

(d) BY-PASS VALVE.

This valve is for the purpose of furnishing
oxygen to the wearer in event of failure of the reducing
valve or admission valve to furnish sufficient oxygen,
and it is entirely independent of the main closing valve.

(e) SAFETY CAP.

The safety cap is designed for the purpose of
releasing the pressure in the bottle if exposed to.fire
during storage or transportation. The safety cap 1s made
up in accordance with provision of Schedule 13, U. S.
Bureau of Mines, which requires that wpen apparatus is
equipped with high-pressure oxygen cylanGrs tpe.safety
cap attached to the closing va%ve shall in addition to the
usual fragile copper disc provided, be filled with a metal
(such as Rose's metal) fusing at a temperature of approx-
imately 94° C. Such fusible metal shall not extrude from
the safety cap under a pressure of 150 atmospheres.

3 UCING VALVE :
%he ?Egucing valve consists of the following prin-

i ible
ts: high-pressure fittings, housing, flexi
géggérpﬁgliows, ﬁozzle, and mechanism for controlling
the supply of oXygen.

-PRESSURE FITTING.
. gigg ijs a brass forging which allows high-pres-

conducted to reducing valve and pres-
23?2 ;ﬁﬁng tgtbgs connected to oXygen clo§ing va}ve by a
union nut and gasket. The high-pressure fitting is con-
nected to the nozzle and housing by three brass screws.
The other end of the high-pressure fitting has a needle-~
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point closing valve which controls the oxygen supply to
the pressure gauge and provides a means for the wearer to
shut off the oxygen in case of leakage in pressure gauge,
pressure gauge tube, or pressure gauge tube connections,
without interference with the supply of oxygen to the
reducing and admission valves.

(b) NOZZLE,

This oxygen nozzle forms part of the seat for
admitting oxygen to the reducing valve and is made from
non-rusting material, such as monel metal or German silver.

(c) MECHANISM FOR CONTROLLING THE SUPPLY OF OXYGEN.

The interior arrangement of the reducing valve
consists of a lever, one arm of which is attached to
metal bellows so that when oxygen pressure increases the
length of the bellows, the other arm of the lever will
press a seat over the end of the nozzle shutting off the
flow of oxygen into the reducing valve. The lever has
two loose pin connections, one extending to the end of
the bellows screw, the other fastened in a rigid housing
to the end of the nozzle., Both pins are cotter keyed so
that ‘they cannot work loose. The screw connecting the
end of the bellows to the lever arm has a square head
which fits into a square opening on the end of the bellows,
securely locking the screw. A screw cap is placed over
the end of the square opening on the bellows. The non-
rusting spring (brass or bronze) around the nozzle places
a pressure on the valve seat so that it keeps the valve
always open, until the pressure against the bellows has
increased sufficiently to overcome this tension and shut
off the oxygen supply.

4. SAFETY BLOWOFF VALVE.

The spring safety valve is so designed that when the
pressure of the reducing valve chamber reaches seven pounds
per square inch, the safety valve releases to the outside
atmosphere, thus preventing excessive pressure and at the
same time giving a distinct whistle, warning the wearer.

5. METAL COOLER.

This is a copper box 6-1/4 inches long, 3-1/2 inches
wide, and 2-1/2 inches thick, made of No. 24 B & S gauge
copper. It connects with inhalation tube, by-pass, re-
generator, and breathing bag. BEnclosed in it is a metal

tube supplying oxygen to the casting for the admission
valve, which is also enclosed in cooler.

6. TELESCOPE ADMISSION VALVE.

This valve consists of a valve stem and two tele-
scoped parts; one end is fastened to the casting in cooler,
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the other end fastened to the top part of breathing bag
and two springs arranged in such a manner that when the
breathing bag is inflated, the outer spring overcomes the
inside spring tension, thus placing a tension upon and
closing valve seat. The inside spring is used for the
purpose of opening the valve seat and admitting oxygen,
above atmospheric pressure, to the cooler and breathing
bag. When the wearer inhales, the valyve opens and he is
furnished the needed supply of oxygen; the valve closes
when sufficient oxygen has been admitted or When,he ex-
hales. Operation of admission valve depends on inflation
and deflation of breathing bag.

The low-pressure oxygen fitting consists of a T-
threaded casting fastened on a frame, and by means of a
union it connects the reducing valve to the oxygen tube
in the cooler.

.  REGENERATOR.
%he regenerator consists of a hollow copper box with

i ¢ ing is
connections to cooler and exhalation @ubeu An open
provided in the regenerator with a su}tablg screw cap for
charging regenerator with carbon dioxide without undue

resistance to breathing.

BLE CORRUGATED RUBBER TUBES.
giex?%%EIcorrugated rubber Pubes are covered with il
stockinette. The tubes are provided on one end with suit-
able metal connections to cooler and regenerator gespeg-l
tively; the other ends are ?astened rigidly to tie meta
mouthpiece by shellacking, wire wrapping, ?nd tgp n%é
These tubes are made of flexible material in order

allow free movement of the head.,

MOUTHPIECE.
%ﬂe EEEQ% mouthpiece consists of a tube containing

i jca disc valves arranged in such a manner
EgothzﬁégoggzloTosed automatically except by some action
ofathe wearer, such as inhaling or exhaling. Th: hpii-

tal type of valve was adopted for this apparatus s
gggid difficulties met with on other types of valves due

to slip leakage.

IOUTHPIECE.
lgﬂe 53%%25 xouthpiece is attached to the metal mouth-

i d taping.
i £ shellacking, wire wrapping, an
ol g%e?eggitﬁpiece has fou% straps ‘which afford'means
?gi ggtaching same to wearer’s cap and making airtight

connection be

tween it and his mouth. A rubber flange exX-
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tends entirely around the opening in the rubber mouth-
piece and fits snugly between the wearer's teeth and lips.
Two rubber lugs extend at right angles to the mouthpiece
and are placed between wearer's teeth.

11. SALIVA TRAP AND HAND-PRESSURE RELEASE VALVE.

The saliva trap and the hand-operated release valve
are attached to the metal mouthpiece in such a manner that
the saliva flows into the trap. By reason of its U-tube
mica disc valve and hand-operated release valve, the
arrangement of the saliva trap allows the wearer to ex-
haust saliva or excess air pressure to the outside atmos-

phere, but it will not permit any external air to be drawn
into the apparatus.

l2. STEEL WIRE WISHBONE NOSE CLIP.
A steel wire wishbone nose clip is used to seal the
nostrils completely. This nose clip is attached to the

apparatus by a strong cord to prevent possible loss by
the wearer.

13. RUBBER BREATHING BAG.

The rubber breathing bag consists of a heavy rubber
fabric made in the form of a bellows with all seams vul-
canized. The bag is airtight and constructed of material
impervious to gasoline fumes and other gases and vapors.
The capacity of the bag when normally inflated is 5 liters
of air. There is one opening in the breathing bag to the
cooler, this opening affording free circulation of air to
and from the cooler. The outer wall of the breathing bag
is suitably attached to the admission valve.

14. FRAME.
All parts of the apparatus are fastened in a compact

manner to the frame, which is non-rusting material (Dural-
umin).

15. HARNESS.

The straps for holding the apparatus are made of
stout webbing 2% inches wide and arranged in such a man-
ner that an adjustment can be made at waist and shoulders.
A ring is fastened on the harness at the intersection of
the shoulder straps in order that the wearer may be hoisted
bodily to safety in -case of necessity.

NOTES ON DIVING STAGE

This type of diving stage was used for all diving
operations conducted by the FALCON and gave excellent
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results. Two sizes were carried. The rigging of the
stages was identical, the difference being in the sizes
of the platforms; the larger size was designated as #1
stage and was the size most generally used due to the fact
that it could accommodate three divers. The smaller size,
designated as #2 stage, could accommodate only two divers.
However, a smoother operating condition was had by han-
dling two divers on the larger and one on the sma}ler
size. Two complete stages of each size were carried in
the equipment. The #1 stages were handledoby the larger
booms and the /2 stages by the smaller, (diving stage),
booms.

OPERATION

The divers are dressed while sitting on a small.stool
placed close to the stage; being taut, the.stage whip .
holds the iron rods, (bales), rigid. The diver when ria .
assisted by a dresser on either side, steps on ?oard’t ed
stage and grasps the iron bales. ?he tool.bag is silppe
ove; his right arm. The stggeg hoisted rail high, sd
guyed clear of the ship's 51d§ by pando The stagg anemains
diver are lowered until the diver 1s submerg?do ii is
on the stage until he assures himself that his iu s
tight, the air valves and telephone are OéK° Tagg iine
steps off the stage and is hguled to the descending o
(usually made fast at the point w@erenthe stage %s plight
over)' on the descending line he is given thghwa eit df%e;
The s%age is then brought back on Soard and tte nﬁ
sent over after the first reports "On the Bottom.

GETTING THE DIVER ABOARD

led to the descendi?g l%ne gg.z i
pow of shackle to line). 3

Fheotes Sczgwaig?gkizé ;ossibility of the §hack1e belg b
ne?essaizhpr unscrewed or screwed up too tight, cause y
e ?di 2 along the descending line, under tension (o}
S g 2oof thg stage as it 1is lowereq dcwn tg the div-
th? W?i%?t stop, oOT f{rst stage. The diver coming up the
er's 5

ssarl t and climb
descending line must necessarily meet the stage an

s asainst the diver's possible fa}l,
b boarqo'lggizd;ﬁgtdgglgxerciSGd by the tenders while
extya Ylglthp di&er aboard the stage. ?he te}ephone ¢
3531st1ngh uid be thoroughly familiar with this phasefo
tenders sho der that they may readily ugderstand the -gg
RLe e 931" spoken) words from the diver and transml
S rapi tgnder For example, the diver ascen@ing,
theT tgrtgén see the stage and often calls over his phone,
feels

The stage is shack
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"Slow,"™ "Hold," "Up a little,” %"lower," etc.; intelligent
cooperation is, of course, the crux of any successful
operation. At times the diver will find that he has turns
around the descending line with his air hose and telephone
cable, or he may experience difficulty due to tides; under
these conditions a green tender and telephone man can
cause the diver considerable trouble and annoyance while
getting on the stage. With the first diver on the stage,
the second comes up and c¢limbs on board. The divers

facing each other, they are then ordered to unshackle the
stage from the descending line.

When working on the S-51 and S-4, divers usually
worked in pairs, always sent down singly, but brought up
in groups of two or three. However, it was the practice
to use two stages when bringing up more than two divers
at one time. Five was the greatest number working below
at any one time on the S-51 and S~4. However, three and
four divers down at one time was common practice.

UNDERWATER ELECTRIC WELDING

The equipment and procedure for above water electric
welding are readily adaptable to underwater work. The
technique, however, varies to some extent and it is esti-
mated that an experienced welder can learn the underwater

technique with about twenty-five hours of practice under-
water.

The first experiments in underwater welding were
begun in the New York Navy Yard and carried on as far as
time and facilities would permit. These experiments were
continued at the Experimental Diving Unit and the Deep-
Sea Diving School at the Navy Yard, Washington, D. C.

A technique has been developed to the point where it is
now possible to give a course in underwater welding to
all student divers, first class.

The equipment recommended for underwater welding is
the following: :

(a) One commercial portable welding machine, D. C.,

with independent volt and ampere control, of
300 ampere, 50 volt capacity.

(b) One insulated, flexible welding cable for the
ground, size 00, and one insulated cable for
the electrode lead.

(¢) Electrode holder of "Stoody" type, or one simi-
lar in design.

(d) Suitable "C" clamps to secure a ground wire to
the work.

(e) Wire brush (Stock No. 42-C-17840).

(f) One carrier for welding rods and brush (See Bu.
Ship's plan No. 434634, Washington Navy Yard
No. Al275).

Chipping hammer, (hand), with metal handle.

) i
1ding rods. Type 1, Grade EA, Class 1, 5/3
) gﬁamet%rv (Una-?yleld 2500 or Fleetweld No. 7)
Acetone.
Celluloiad.

e N S

Supplementary faceplate for diving helmet, C&R
Plan No. 318847.

Lens for faceplate No. 8.

Lens for faceplate No.

Lens for faceplate No. 4.
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PROCEDURE

In order to carry out welding underwater it has been




found that the voltage and amperage must be raised. Where

18 to 22 volts and 140 to 165 amperes would be used to
weld with a 5/32" electrode on the Surface, it is sug-

gested that 28 to 32 volts and 160 to 190 amperes be used

for underwater work with the same electrode. It will be
found that this increased voltage and amperage will pro-
duce a tendency to heavy undercutting.

Normal (Straight) polarity is preferred for under-
water work. The ground wire from the welding machine to
the work is positive and the lead from the machine to the
electrode holder is negative. Reverse polarity with the
ground wire negative and the electrode positive cannot be
effectively used since electrolysis will cause the holder
to be_unfit for use in a few hours; however, if reverse
polarity electrodes are used, equally effective welds can

be made although deterioration of the holder continues
rapidly.

In general the equipment from the weldin
to the electrode holder is the same for both snggﬁgggzr
and surface welding. It is essential that the welding
lead and ground wire insulation be in good condition and
all submerged joints be well taped and water tight in
order to reduce power loss and electrolysis to a minimum,

Commercial flux-coated electrodes must be given a
waterproof insulating coating. A number of coatings have
been tried. The most satisfactory found to date is an

acetone celluloid compound. The procedure in a
this coating is as follows: . pplying

(1) Manufacture a container by welding a base about
5" in diameter to one end of a piece of 2n
pipe, 13i" long.

(2) Manufacture a drying rack by drilling holes
about 5/32" in diameter along a piece of two-
by-four.

(3) Fill the container to within 4" of the top with
the acetone solution.

(4) Dip the electrodes and wipe off excess solution
when removed from the dip.

(5) Place uncoated end of electrode in the drying
rack, being certain to keep them separated. Do
not touch until completely dry.

After electrodes have been dipped and dried they may

be stored indefinitely in the usual manner Neverth
o eless
care must be taken in handling to prevent scraping or ;

» ;2310 =

breaking the waterproof insulation.
WELDING

Welds in mild steel plate made under water should
have about 80 per cent of the tensile strength and about
50 per cent of the elongation of welds made in air. At-
tempts to weld materials other than mild steel under
water may not be suceessful because the rapid cooling of
the metal by the water will prevent the necessary flow of
metal to give sufficient fusion. Furthermore, the char-
acteristics of the material welded may be affected. Milda
steel patches, however, can be welded over holes in armor.

A No. 8 welding lens will give the diver excellent
protection in clear water and will permit him to see what
he is doing. Muddy water may require the use of a No. 6
or No. 4 lens. Goggles with one lens removed may be worn
by the diver for a quick job, He must use one eye at a
time with this rig. When much work is to be done, it is
recommended that the welding lens be attached to the hel-
met in place of the faceplate guard as shown in the "Sec-
tion on Diving." Skilled welders should be selected for
the course in underwater welding. Experience has shown
that a good welder will soon learn to perform satisfactory
work under water once he understands the rudiments of
diving. It is quicker to teach a welder to dive than to
try to make a welder out of a diver.

While welding under water, be sure to hold a rather
short arc and run straight beads slowly. Fuse the metal
well and fill the undercut. Weld downward on vertical
work with the electrode pointing at an angle of about 45
degrees to the work. Oscillate the electrode about 1/16".
Advance very steadily, laying a narrow bead abou? 5/16"
in width. Overhead welds are somewhat more difficult to
make than either flat or vertical welds.

No attempt should be made to weave the bead as this
traps slag. Clean each bead well with a wire brush and
chipping hammer before running another bead along it.

The wire brush should be weighted.with a piece of lead
tacked to the wooden back. The diver must have a steady
platform on which to work and should attempt to brace him-
self in order to hold a steady arc. Since the arc gives
off bubbles and smoke, the diver must place hi@self in a
position so that he can view his work from a side angle.

If there are breaks in the bead, the welder is ad-
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vancing unsteadily. It will probably take the welder
some time to become accustomed to welding in a diving
suit as freedom of movement is somewhat restricted.

While 5/32" diameter electrode is the most satis-
factory size for general work and is the maximum size for
general work to be used in sea water, it is suggested that
1/8" be used for overhead work.

UNDERWATER CUTTING

Underwater cutting under normal conditions should be
performed with either the oxygen-hydrogen torch or the
electric arc oxygen torch. Steel plate can be cut, how-
ever, under water by using the welding electrodes with
insulated coating and other equipment required for under-
water welding if 50 volts and 300 amperes are used as a
power supply. In order to do this the diver merely punches
a series of holes in the plate to be cut.

8 September 1942
Metallurgical Laboratory Report No. 2912
N:YiP:B,

Subject: Underwater Arc-Welding Using Westinghouse Flux-
Arc (SW) Electrodes - Test of.

Reference: (a) Specification 46-E-3 (Int) of 1 December
1941.
Enclosure: (A) Photographs No's. 1363-42,1444-42 and
' 1789=42,

1. Tests have been conducted by the Metallurgical
Laboratory on arc-welds produced by diver, Check No. 616023,
under 20 feet of water. The welding was performed on 3/8"
and 3/4" mild steel plates with Westinghouse Flux-Arc (SW)
5/32" electrodes, using 195 amperes, 30 to 35 volts, D, C.
current, reversed polarity.

2., Physical Tests

Welds made on 3/8" galvanized and black mild steel
plate, photograph No. 1l444-42, enclosure (A), were
subjected root bend tests as specified by reference (a),
and also transverse tensile tests with the following results:
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Galvanized to Black

1 Black to Black

rensile Strength---- 62,000 psir 66,500 pﬁf*
Yield Point--=-=-=-- 50,000 % 57,200
i Elongation---------- 17.19% 17.19%
; Root Bend-=--=-=-—==-~--- 55 degrees LO degrees
*__--Broke in plate.

1s i trodes with
Welds made on 3/4" plate using the elec
| and wi%hout a coating of acetone and c?llulose were tested
‘ for deposited metal properties as specified by rgfezencgd
(a), Figure 3. The physical properties of deposited we

s follows:
metal samples were a oy Blocra No Coatin
63,060 psi

Strength-=---- 68,500 psi
gigiél;oint——§ -------- 66,500 " 6698%0 "
Elongation---=-=-=--==-- 2.3% » 305%
Red. of Area-------=--- 5,8% !

e sections of the welds were prepared

3+ REBRE WS shown on the photographs of

and Macro-etched and are
enclosure (A)-.

Macro-Section

Photograph No. Steel.

Weld=1/4" Black Mild a .
iiiiztg %ﬁgtlgeld é/8" Black and Galvanized Mild
1789-142 %ﬁiil&eld 3/," Black Mild Steel Flux
Coated.

L. Remarks:

The welds produced under 20 feet of water using

duced sound de-
Flux-Arc (SW) electrodes pro .
ggzgigghgzigl of high tensile strength. No particular

i in the use of a
indicated by the tests 1n
Zgggggigiogiing over the electrode's original coating.

TR e T

J. F. Mills
(Sr. Materials Eng. )

For further information on underwater welding and

| electric cutting refer to:

i W & C-
f Ships' Restricted Letter Qr/
2l ?g§??&)?8688)? EN 28/A2-11, dated May 12, 194l.

t (b) Bureau of Ships' Letter S92-(2)(8688), EN 28/ A2~

11, dated February 17, 1942.

ests are on file at . the

e t
Photographs of the abov oy A posd

Puget Sound Navy Yard, Bremerton,

= HEs
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