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FOREWORD

This Manual supersedes the 1924 edition of the Diving Manual and
will be effective upon receipt.
A9 1
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CHAPTER I

DEVELOPMENT OF DIVING AND THE
TRAINING OF NAVY DIVERS

Records do not clearly show the origin of diving in the United
States Navy. While there are evidences of excellent work hav-
ing been performed at shallow depths in the early days of div-
ing, very little was accomplished at deep depths, and with the
crude methods and apparatus available, attempts at the latter
usually resulted in the diver's contraction of “bends.”

The art of diving throughout the world gained unoticeable im-
petus in 1906-7 from the findings of British Admiralty diving
experiments, which indicated that a person could withstand with
reasonable safety a rapid change of high abselute pressure to
proportionately lower absolute pressures, i. e. to such pressures
that the ratio of the high absolute pressure is to the reduced
absolute pressure' as 23:1. This meant that a diver working
at deep depths could be brought up quickly to a comparatively
shallow depth without stopping, and from thereon to the surface
with stops at every 10 feet, in lieu of the previous and far
less safe method of ascending at a uniform rate from the bot-
tom. The findings of the British Admiralty became known as
the stage method of decompression. In principle it is now al-
most universally employed in deep diving.

A definite program of development of diving was actively be-
gun by the United States Navy in 1912, when extensive tests
were conducted in diving tanks ashore, and later, on the U. 8. S.
Walke, in Long Island Sound, to determine the suitability of
the stage method of decompression and to improve the standaid
Navy diving gear to enable deeper diving. The value of the
findings was subsequently evidenced in the salvage operations
of the U. 8. 8. F-4 off Honoluly, in which divers descended to
depths of 304 feet—a depth which is believed to be still a record
in diving in the ordinary diving suit, using normal air for the
diver’s air supply. '

The above-mentioned tests were followed by preparation and
fssue of a United States Navy Diving Manual and the estab-
lishment of the Navy diving school at the naval torpedo station
at Newport, R. I. This school was subsequently discontinued
upon the entry of the United States into the World War. Per-
sonnel of this school and some of 1ts graduates formed a nucleus
for the overseas salvage division which was established as a
unit of United States Nuval Forces abroad, and which throughout
the war rendered valuable service in salvage operations along the
French coast.

With modern submarines being constructed to operate at ever-
increasing depths and the possibility of having to salvage such

l
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vessels if sunk, ways and means of enabling divers to attain
even greater depths than heretofore were made the subject of
special investigation by the Bureau of Construction and Repair
in the latter part of 1925, at which time the United States Navy
experimental diving unit was created. This unit, composed of
naval personnel, was established at the Bureau of Mines Ex-
perimental Station, P’ittsburgh, Pa., to determine, in collaboration
with the Bureau of Mines, the feasibility of using oxygen-helium
mixtures as a substitute for ordinary air in diving.

Preliminary experiments on animals having indicated certain
advantages in the use of this synthetic air over the air ordinarily
used as a diver's supply, the experimental diving unit was sub-
sequently transferred to the Washington Navy Yard as a per-
manent activity under the Bureau of Construction and Repair
to continue the oxygen-helinm investigations and other develop-
ment work incidental to improved diving practices and equip-
ment. The experimental diving unit has functioned accordingly,
up to the present time. Such methods prescribed in this edition
as depart from Rast practices, and new diving and salvage equip-
ment shown are, in the majority of cases, the results of findings
of the experimental diving unit, the diving school, or the ex-
perience gained from past submarine salvage operations.

Diving is arduous and hazardous work and the art can be
mastered only by training. The ratings in the United States
Navy are (1) master diver; (2) diver, first class;: (3) salvage
diver; (4) diver, second cluss. Master divers and divers, first
class, are qualified at the Deep Sea Diving School. Salvage divers
are trained and qualified at the Navy Salvage Training and
Diving School, New York City. Divers, second class, are qualified
within the fleet, ordinarily on board the submarine rescue ves-
sels.  Quali :ed master divers and divers, first class, are trained
and permitted to dive to depths down to 300 feet. Divers, sec
ond class, are prohibited from diving to depths in excess of 150
feet.

The Deep Sea Diving School was reestablished in 1926 at the
Washington Navy Yard. This location was chosen with the
view that its proximity to the experimental diving unit would
permit expeditious application of approved experimental findings
to standard training curriculum. The school is operated under
the cognizance of the Bureau of Naval Personnel, Navy Depart-
ment, but the diving facilities, gear, and diving boat are fur-
nished and maintained by the Bureau of Ships.

The faenlty of the diving school usually consists of a com-
missioned officer in charge with the rank of lieutenant or above,
one medical officer, three chief petty ofticers qualified as master
divers, two chief petty oflicers qualified as divers, first class,
one boatswain’s mate, first class, and one pharmacist's mate,
first class, both of the latter being qualified first-class divers.

EKligibles for diving training are selected from volunteer boat-
swain's mates, gunner's mates, shipfitters, carpenter’s mates,
machinist’s mates, and torpedomen, preference being given to ship-
fitters haviug previous experience in arc welding. Prior to ac-
ceptance, each candidate must have passed the rigid physicai
examination outlined in chapter II. A special course for medical
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DEVELOPMENT OF DIVING

officers lasting from 10 to 12 weeks is also available. The dura-
tion of the standard course is 20 weeks and the classes usually
consist of from 9 to 16 students.
The curriculum of the standard course at the dlvmg schovl Diving School
curriculum.
fncludes the following:

Standard course

: Time
Work Location required
per man
1. Pressure diving (up to 300 feet)._..._.....__..__| Diving tank__...____. 20 days.

2. Open-water diving tasks: lnsp(-ctlon of ships’ | In Potomac River, | 13 days.
ttoms, inspection of ships’' propellers and depth 20 feet.
rudders, séarching, fitting flanges, blowing up
pontoon, underwater cutting with hydrogen
torch and underwater washing.

3. Open-water diving tasks: Inspection of sub- | Potomac River. ...... 15 days.
marine fittings, and air-line connectlons to
:ll:jbmarlnw Searching in heavy mud and

e
4. Underwater burning (oxygen-hydrogen torch) .-
Underwater burning (electric torch).
Underwater welding (electric torch) . .-

S. Burningand welding_. ... _____.._ ... .. ... __ S

6, Submarine “‘lung” training. ... ... ... ..

7. Rescue breathing apparatus training...______._.

8. Elementary instruction and training in the fol-
lowing subjects:

(a) Calsson disease—cause and treatment.

(6) Theory of welding. Elementary electric
circuits.

(¢) Care and upkeep of suits, helmets, and
attachments.

(d) Diving pumps; care, upkeep, practical
computation of diver's air supply and
tests of equipment.

(e) Telephones; care and upkeep of various
types, elementary thcory of circuits,
practical work in overhaul, vacuum tube
amplification of primary circuit. |

(f) Velocity power tools, practical work. i

(9) Bureau of Ships Diving Manual.

(h) Salvage methods and equipment (lectures).

() Oxygen rescue breathing apparatus; care
and maintenance.

(J) Submarine escape apparatus “lung’’; care
and maintenance. -

Some of the operations and work engaged in by students of
the diving school are shown in plates 2 to §, inclusive.
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DEVELOPMENT OF DIVING

The facilities of the experimental diving unit and the diving
school are practically the same so far as concerns design and
principle of operation. They consist principally of a diving
water tank, a divers' recompression chamber, standard diving
suits and gear, underwater cutting and welding equipment, spe-
clial tools, air banks, air compressors, and a diving boat. The
latter is used joiutly by the school and the unit as occasions
require. Plate 1 shows a perspective view of the divers’ recom-
pression chamber and diving water tank with fittings and at-
tendant air and water piping as installed at the diving school
and the experimental diving unit. The water tank is a closed tank
with a hinged access hatch at the top to permit entrance of the
diver. The tank for the school is about 9 feet in diameter by
12 feet high and is provided with glass ports to permit observa-
tion of occupants. The tank is designed to withstand an internal
working pressure of 150 pounds and equivalent water depths are
simulated by partially filling it with water, closing the hatch, and
introducing air at any desired pressure within the working ca-
pacity of the tank. The interior of the tank is fitted with tele-
phone, water and electric light connections, and also steam coils
to maintain desired water temperatures. The recompression
chamber for the school is a two-compartment chamber, designed
and constructed for working pressures of 200 pounds per square
inch. The diving water tank and the recompression chamber of the
experimental diving unit are of the same over-all size and design
as the diving school’'s but are made stronger so as to withstand
the greater pressures which obviously have to be employed in
experimental work. A detailed description of the recompression
chamber is contained in chapter XIX. At this time a new build-
ing is being completed for use by the Deep Sea Diving School and
the experimental diving unit. This building will enable the div-
ing school to train up to 125 divers first class at one time and
will double the research capacity of the experimental diving unit.

1560924—43——2
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CHAPTER II

PHYSICAL QUALIFICATIONS OF DIVERS

All candidates for diving school training shall be examined by
a naval medical officer prior to their transfer, in accordance
with the instructions set forth herein and in the manual of the
Medical Department, United States Navy. Failure to do this
may result in subsequent rejection by the diving school, there-
by incurring needless expense and loss of time in transporting
the men from and to their original station. A diver, to become
eligible for training at the diving school, must possess the fol-
lowing qualifications:

1. He nmst be témperate and possess the physical qualifica-
tions necessary to meet the standards required.

2. He must demonstrate his abllity to withstand air pressures
of 50 pounds (gage) in the recompression chamber, without detri-
ment to the ears or respiratory tracts. These chambers are
available on all submnarine rescue vessels, at submarine “lung’
training tanks, the experimental diving unit, and the deep-sea
diving school. .

The physical standards are necessarily high because of the
rigorous nature of a diver’s duties. The ideal physical type is
the young, slender, wiry, phlegmatic individual.

The most favorable age for training in deep-sea diving is
from 20 to 30 years. Candidates for diving training should not
be favorably considered if over 30 years of age. Divers, first
class, becoming over 40 years of age or becoming unfit to dive
in depths in excess of 90 feet are automatically disqualified as
diver, first class, but may continue as diver, second class, so long
as they remain physically fit for diving to these restricted
depths. The upper-age limit in the case of medical officers and
hospital corpsmen assigned for diving instructions or as medical
attendants to salvage operations or other diving operations in-
volving subjection of themselves to pressure shall he taken as
40 years. The respiratory exchange in young men is faster than
in those of middle age, hence the former can rid their bodies
of excess nitrogen more rapidly, and therefore are less suscep-
tible to compressed-air illness. Since the efficiency of the blood
vascular system decreases with advancing years and as gaseous
exchange within the body is vitally concerned with the efficiency
of the heart and blood vessels, the younger man is better suited
in this respect for diving. Further, with the approach of middle
age there is a tendency on the part of the body to accumulate
more fat. .

Because of the relatively poor blood supply of fat, fat absorbs
and eliminates nitrogen at a slower rate than any other tissue.
Since fat when saturated at any given pressure will take up

10
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PHYSICAL QUALIFICATIONS OF DIVERS

weight for weight about 70 percent more nitrogen than the
blood under the same conditions, it is apparent that the amount
of nitrogen held in the body when it is completely saturated at
any given pressure will be considerably increased by any in-
creased amount of fat. Therefore, candidates weighing more
than 12 percent above the weight prescribed in relation to height
in the following table, shall be excluded unless their overweight
is largely due to muscle and bone. In order to suit the diving
apparatus, men under 5% feet, and much over 6 feet in height
shall not be selected as divers. Specific gravity may be utilized if
facilities are available.

Age (years) Haight (inches) Weight

70 and under 72.
72and under 74 . _...__. R 166

64
65andunder@8._._ .. . .. _._._.___.. 162
-2 R 68andunder70. .. ___ .. _ ... ... 166
20 ... ...|70and under72......__. 170
gl ....... 72 and under 74. -

1

[ J,

65andunder68. . ... ... ... 158
68andunder70._ ... .. ._._........_._. 171
70andunder 72 .. .. ... ... .. __. 176

RERERRNRRRURRBBNNRN
§55588555588555555%8

A diver should be of the phlegmatic or quiet unexcitable type
of personality, for excitement and fright are accompanied by a
quickening of the pulse and a rise in blood pressure; and as
the rate of saturation and desaturation of the tissues is directly
influenced by the circulatory rate, a phlegmatic diver is less
likely to develop compressed-air illness than an easily excited
diver.

Divers should be men mentally as well as physically fit, as
the type of work to be performed often requires quick, accurate
judgment and initiative—traits of above-average mentality. Ex-
perience has been indicative that there is a relationship between
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low-mental ability and early failure in attempted performance of
work under conditions of increased air pressure.

Divers must be men of moderate habits because alcoholism,
loss of sleep, or dissipation contributes to susceptibility to comn-
pressed-air illness. .

The field of operations in submerged work is ordinarily inade-
quately illuminated despite the use of diving lamp, and since it
is impracticable to wear glasses in the diving helmet, a good
degree of vision is essential. A minimum of 20/20 vision in each
eye shall be required for candidates for the designation of diver.
The minimum requirement for medical officers and hospital corps-
men shall be 15/20 in each eye. Central color vision shall be
normal.

Candidates should be capable of holding the breath after full
expiration and lnspiratioil, for a period of at least 55 seconds.
This shall be based on the average results of three tests. The
lungs perform the all-important function of providing a station
for the exchange of gases between the atmosphere and the blood
stream, and to perform this task well they must be free from
disease. Thus any evidence of pulmonary disease warrants dis-
qualification in a prospective diver. Further, individuals with
arrested pulmonary disease are not fit subjects for diving because
high atmospheric pressures tend to have an irritant effect on the
lungs.

The set up test for cardiovascular function consists of 20 step ups
¢n a platform 18 inches high performed during a period of 30 sec-
onds. Pulses are recorded sitting at rest, for 5 minutes, 0 to
15 seconds x 4 (A), 5 to 20 seconds after exercise (B), and 120 to
135 seconds after exercise (C).

The cardiovascular score is computed from the expression
B—T70+4+3 (C-A). The elevation of the pulse rate after exercise
and the pulse rate decline, govern the score M (C-A), any results
4 or less, are considered zero (0).

The score is rated in the following manner: below 51, good;
51 to 74, fair; and above 74, poor. There should be no tendency
toward varicose veins or hemorrhoids. Evidence of arterioscle-
rosis is sufficient to disqualify.

Men subject to gastrointestinal disturbances, with a tendency
to excess gas formation in the stomach and intestines, should
not be accepted. The marked expansion of such gas on ascend-
ing, even from moderate depths, may induce severe symptoms if
not readily expelled. For the same reason a diver should not
be allowed to dive when constipated.

In addition to the qualifications discussed in the foregoing,
it is desirable that the candidate for diver be entirely free from
bodily disease. One of the most important of the disqualifying
diseases is middle ear diseuse. In this malady not only is hear-
ing diminished but often the Eustachian tube is blocked. The
Eustachian tube, the membranous tube extending from the mid-
dle ear into the throat, allows for equalization of pressure on
hoth sides of the ear drum. Air under increased pressure en-
ters the external ear and depresses the flexible ear drum in-
wardly. The air also enters the nose and mouth and will enter
the inner end of the Eustachian tube if it is patent. By travers-
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ing the tube the air reaches the inner surface of the drum
through the middle ear, and the pressure on the two sides of
the drum are thus equalized and the drum sways outward to
its normal position. If the tube is blocked, the increasing pres-
sure on the outside of the drum will continue to depress the
elastic drum until it ruptures. However, rupture of the drum
from this cause rarely occurs because the pain from the de-
pressed and stretched drum is so intense that the diver cannot
continue his descent and must return to the surface. Frequently
mucous or local inflammatory conditlons such as colds or sore
throats will cause temporary blockage of the tube. If mucous
be the blocking agent, it can usually be expelled by holding the
lips and nostrils closed and exerting pressure with a forced
expiration, but if there is an Inflammmatory condition present, this
forced expiratory effort may force infected material through the
tube into the middle ear and produce otitis media or infection
of the middle ear. Therefore if a cold or other local inflamma-
tory condition be present in the upper respiratory tract, one
should not attempt exposure to increased air pressure until these
abnormalities have subsided. Ability to equalize pressure in the
ears will form part of the physical examination. This ability
is ascertained by exposing the candidate to 50 pounds of air pres-
sure in a recompression chamber. Not only are individuals with
middle-ear disease not fit subjects for diving, but individuals
with any chronic disorder of the upper respiratory tract such
as tonslilitis, chronic sore throat. freauent colds. nasal obstruc-
tions, or sinusitis are likely to have changes in the tissues of
the nose and throat resulting in blockage of the Eustachian tube,
and thus eliminate them as candidates for diving. Active skin
or venereal disease is cause for immediate rejection. A history
of any of the following is disqualifying:

Syphilis.

Asthma.

Persistent high pulse rate.

Psychoneurosis.

Repeated attacks of sinusitis, etc.

. Chronic gastrointestinal disturbances.

Qualiﬂed divers shall be reexamined periodically, in order to
detect any disqualifying defec ts that may have developed since
the last examination. A special examination shall be made prior
to each diving operation in excess of 36 feet. The results of this
examination shonld be recorded in the diving log and the medical
officer shounld initial the log after this entry, at the same time
expressing his opinion as to the individual's fitness for diving on
that particular day. A temporary physical defect shall not be
considered a cause for disqualification but shall excuse the diver
from being ordered to dive, if, in the opinion of the medical
officer, his condition warrants it.

At this time the divers are also examined for evidence of colds
or other upper respiratory infection. A short history of the
activity during the past 24 hours is obtained, in which the following
facts are stressed :

1. Amount of sleep. Less than 8 hours’ sleep the night previ-
ous to diving is thought to predispose to compressed-air illness.
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2. Alcohol. Divers are not allowed to dive if any alcohol
has been consumed in the last 24 hours.

3. Constipation seems to have a debilitating effect on the
diver and lack of bowel movement in 24 hours may predispose
to an attack of caisson disease.

4. In addition to the nose and throat examination the diver is
asked if he has any symptoms of either colds or sore throat.

All the foregoing information is recorded on a diving form
the last line of which should contain an expression of oplnion
by the medical officer as to the diver's physical fitness to dive
on that particular day.

While it is not intended to restrict procedure in the reexamina-
tion of qualified divers, it appears that the foregoing cited
method employed at the experimental diving unit and the diving
school could well be followed in the fleet.

Although a certain latitude may be allowed for a diver of long
experience and a high degree of efficiency in diving, he must
be free from any diseases of the cardiovascular, respiratory.
gastrointestinal, or genitourinary systems, and of the ear; and
his ability to equalize pressure must be maintained. A slight
degree of overweight may be disregarded if the diver is other-
wise vigorous and active.

When long salvage operations are in progress, it has been
found that better results are obtained if the divers are relieved
periodically from duty and removed from existing environment.
Accordingly, where daily diving over long periods of time is in-
volved and there are suflicient divers, liberty in individual cases
should be given as often as practicable. However, the divers
should be cautioned as to the detrimental effects of the loss of
sleep, alcohol, ete., to their well-being in diving. If admonish-
ment does not suftice, it is best to prohibit liberty in individual
cases the day preceding the dive.

If the number of divers permits, division into three groups is
advisable, two groups diving for a period of a week while one
group is given leave. Each group, however, should be sufficiently
large to enable continuous diving in medium depths, in relays
of three divers, who under ordinary salvage procedure, are usu-
ally submerged simultaneously.

Divers should not be made to dive for at least 1 hour after a
light meal and 2 hours after a heavy meal.
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CHAPTER III
NAVY STANDARD DIVING OUTFITS

The standard diving outfits used by the Navy consist of two
classes. They are the deep-diving outfits and the shallow-water-
diving outfits.

Deep-diving outfits are of three types commonly known as
outfits No. 1, No. 2, and a special outfit which will henceforth
be known as outfit No. 3. Shallow-water-diving outfits are of
one general type.

Diving outfit No. 1 consists of equipment necessary for two
divers, including a two-cylinder, double-acting, manually operated,
air pump and an adequate number of spare parts.

Diving outfit No. 2 is similar to the No. 1 outfit, except that lt
is provided with only one helmet.

Diving outfit No. 3 consists of special equipment used only by
submarine rescue vessels.

The new standard shallow water outfit consists of a Victor Berge
type face mask, a shallow water diver's air pump, volume tank,
hose, underwear, sneakers, nonreturn valve, instruction manual
- and stowage box.

The old shallow-water-diving outfit consists of a light-weight
copper helmet with suitable weights attached, a hand-operated air
pump, and a 50-foot length of air house.

Diving outfits Nos. 1 and 2 are suitable for use in both
deep and shallow water. Shallow-water-diving outfits are for
use in temperate and tropical waters of depths not exceeding
36 feet when using the hand pump. Greater depths are permitted
in certain cases as set forth in chapter XV.

Diving outfits No. 1 are furnished to tenders, fleet tugs, repair
ships, salvage vessels, and floating dry docks, or to other vessels
whose mission requires them to be capable of undertaking exten-
sive diving operations.

No. 2 diving outfits are supplied to auxiliaries and combatant
ships, which would only need a diving outfit to perform minor
repair or inspections.

No. 3 diving outfits are supplied to submarine rescue vessels.

The shallow-water-diving outfit is suitable for use of only one
diver at a time.

With a few exceptions diving outfits Nos. 1, 2, and 3 are
initially issued in their entirety. The exceptions are (1) in cases
where the diving work engaged in is of too minor a nature or
too infrequent to warrant the issue of complete outfits, and (2)
where the frequency of the work and its nature are such as to
require more equipment than is contained in one outfit but less
than that contained in two complete outfits. The Bureau of
Ships allowance lists designate the type of diving outfits and the
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quantities of the respective items comprising such outfits to be
carried by vessels of various types.

Article Unit
g
&
-t
1| Bags,tood. ... .. ... Number._ .
2 Belts welghwd ........................... do.
3| Box,spareparts. __.__.__.......... .. ___........l....do....__.
4 (‘emont, rubber_ . ..
5 | Chest, helmet_ ... ..
6 (‘hest outfit. ... ... ... ... .
7 (‘lamps, air hose, qpare .
8 | Cloth, rubber, patchlng
9 (‘oupling, air hose, female. |
10 | Coupling, air hosc, male. ... o d
11 | Coupling, air hose, double, female.. ... .. .. ee..do.. L.
12 | Coupling, air hose, double, male_ .. ... .. . ... ... do .
13 | Cuffs,rubber___ ... _____ . . .. ... ... Pairs .. __.
14 | Cushions, helmet . .. _____ ... ... . ... ... ... Number. _ .
15 | Drawers, under, woolen, size36 _._.. ... ... .. ... Pairs .. ____.
16 | Drawers, under, woolen, size38. ... .. ... .. .do.......
17 | Drawers, under, woolen, size40___._._._..._._.. .do.......
18 | Dresses, diving No. 1
19 | Dresses, diving No. 2.. -
20 | Dresses, diving No. 3.. .
21 | Faceplates, complete. . ..
22 | Faceplates, welding. . . .
23| Flag, baker__ .. . ... ... ... ... ..
24 | Qaskets, faceplate, spare_ _ ... ... . .. _._ .. ....|..... do ... _.
25 Gmkets helmet, leather, spare. _...._._.._..._... ...do.... _.
26 Gnskel.s nonreturn valve seat, rubber.. ... . __|..__. do
27 | Glasses, helmet. face ... . . ... _._..........|..... do......
28 Glasses, helmet, side. . . _________ ... .. .. ....... do
29 | Glasses, helmet, top. ... _..... . ... ... . ...do
30 | Qloves, diver’s—tender, combination. .. __. ... _. .| Pairs _
31 | Gloves, woolen_.__.._...___.. R IO
. 32 | Glycerine_ . __._.
33 | Halliard, signal
34 | Helmets, complete ... ... ....... ... ..
35 | Hoso, air, high pressure, 3-ft. lengths . _____. . __.
36 | Hose, alr high pressure, 50-ft. lengths. ... ...
37 | Knivesandcases ........._...._......... ..o..
38 | Ladder, iron, galvanized ... _ . .. ____ ... _____.
39 | Lead, sounding—71b_ ... .. _____ . R
40 | Lenses, welding No. 4. ... .. . ... ...
41 | Lenses, welding No. 6_. ... . .. ... ___.. ... do....
42 | Lenses, welding No. 8. . ... ... ... .. .. .. ..do... .
43 | Light (weather {proo( sockets guard for 100-watt ..do_ .. ...
bulb and 200-ft. cable).
44 | Light, with 200-ft. cable_.. ... ... .. ... ___.... ..doo__ ..
45 Manifolds. . ... ... ... ..
46 | Line, sounding, 200 ft
47 | Litharge._ .. ... . . . ...,
48 | Lines, descending, 200-ft. length. .. .. __..___... Number. .
49 | Lines, distance, 60-ft. length ... ... ____ . ... . .... do ...
50 | Manual, diving _ ... ... ... .. .. ... ]| ... do __....
51 | Nuts, wing, breastplate, large . . ..._ ... . .. .. ..do ...
52 | Nuts, wing, breastplate,small . ... . ____... .| ...do .. __.
53 | Oil, Neat's-foot ... _...._.. ... ... .. ._...... . ... Quarts. .. ..
54 | Packing, air control valve, flax—34” .. ... . .| Pounds __
55 | Pump (hand- or eas-driven) ... ... .. ... ... Number.
56 | Reducer type “S” __ . ... ... .. _do..
57 | Reducertype “T"”.. . . ... ... .. cdo oo L.
58 | Safety latch, helmet, spare _do
59 | Screws, machme brass. §x32«x 3-33" ......... Boxes  __
60 | Separator,oil . I . . ..~ . .../ Number.
61+ Sepamator, oil ﬂlu-r. spare L. . do R
682 | Separator, oil gaskets, spare . . P do
63 | Separator, oil umhors, span do .
81 | Shoes, weighted_. .. .. . . . ...__. R Pairs . __
85 | Shoes, llghmelght ............ do
66 | Socks, woolen . . . do
67 ‘lprings. rogulatimz vxmpe \alu. prmmry and | Number __
secondary spares.
68 | Stages, decompression. ... .__....... _.... ... do .. ..
89 | Straps, leather with buckle (for diving gloves) .. Pairs . .
70 | Stopwateh _ ... ... .. ... .. I Number____
71 | Studs, breastplate,short . _ ... ... . . .. ... .odoo L. .
| Pints.
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NAVY STANDARD DIVING OUTFITS
El1E| g
= |z 3
ez e
Article Unit - | e ™~
g . . .
S| e S
3 z|z| z
72 | 8tuds, breastplate,long. . __.._.... ... ... ... .. _. Number... | 4| 2 6
73 | Taps for all female fittings.. JRRUR PPN« [+ JUURN B U DR J,
74 | Telephone outfit, oomplew. as follows:
{171) \mpllﬂers. ............................ ..do. ... 1 1 3
) Transceivers (3 supplied originally with sdo.. ... 31 3 12
amplifiers).
(¢) Cable combination telephone and life | .. .. do . __. 301 2
line, complete with connection in 200-
ft. lengths.
(d) Spare parts for amplifier and transceiver..| . . do ... __. 1] V...
(¢) Boxes, jack, for helmet gooseneck includ- . do. 31 2 10
ing spares.
(f) Connections, double, female, spares . ___ . .do 211 3
(‘) Washers, leather for cable. ... . ... . _do €012 5
(A) Packing for couplings.. ... . .. ___. Pounds. .. .. 211 10
75 | Threading, dies, male fittings _.._..__ ... . __ Number . _ | S U P,
76 | Trousers,overalls ... ... . ... ... ... .. .. _..do.. 3| 2 9
77 | Tubing, rubber, elastic. .. . . .. .. . _ . Yards ... 21 1 20
78 | Undershirts, woolen, size 38. . ... ___.._. _._._..| Number 6] 3 6
79 | Undershirts, woolen, size42. .. ... ... .. I .. _.do 6( 3 12
80 | Undershirts, woolen, size 44 .. . .. . _ .. . ... do 6 3 6
81 | Valves,aircontrol ... .. ... ... ... .. ___. ... do 2] 1 12
82 | Valves, regulatingeseape. ...... .. ... __.__[..... do 2|1 6
83 | Valves, safetyairnonreturn........... ... .. ___ | .. .do 4| 1 6
84 | Washers, copper, clamp joints. ... .. . _ | . .do 121 6. .....
85 | Washers, leather, air hoae, spare ... do. Sl 36| 12 60
868 | Weights, cast iron, 50 1b_ ....do | I 12
87 | Weights, cast iron, 100 1b. . S B« [} 2| 1 12
88 { Wrench, single open end airhose. . . . . ...do 2| 2 6
89 | Wrench, spanner, safety valve. el .. do {1 I T R
9 | Wrenches, T helmet | . do 41 2 6
91 | Wrench life line and te]ephone coupllmz ,,,,, . .do 211 6
92 | Buoys, cork, pyramidal orovalshape . ... ... | .. do . 12
93 | Buoys, steel spherical, 18”7... . ... . ... ..do . 4
84 | Buoys, steel spherical, 22’ e . _..do. 4
95 | Gloves, lmther wire handling ... Pairs 18
96 | Hooks, cutting "for sov ering anu-nmw wires, rails, o 4
etc., C & R plan No. 141255
o7 Punchos cutting for collars of diving dress . .. 1
98 | Drags, electric. ... .. . 1
99 | Stools, divers' dressing, C & R plan No. 144581 . 3
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CHAPTER IV

DESCRIPTION OF NAVY STANDARD DIVING
GEAR

1. The diver's tool bag (pl. 10) is made of No. 6 canvas. The
bottom is perforated with five No. 4 spur grommets. These grom-
mets allow the bag to flood or drain rapidly. This bag Is strong
enough to carry any tool the diver may need or is capable of using,
except a crowbar. It will carry weights up to approximately
200 pounds. Very small articles should be secured to the bag by
individual lengths of marline and tied either to the handle or
through the grommets. When the tool bag is normally loaded,
it is carried over the right arm: when heavily loaded, it should be
sent down the descending line.

The weighted belt (pl. 11) is used to furnish negative buoy-
ancy when the diver’s dress is moderately inflated. The belt is
made of 4-inch waterproofed, double-backed, chrome tanned
leather. The lead weights are secured to the belt with - by 2-
inch countersunk screws, the heads of which pass through special
No. 4 spur grommets inserted in the leather; thus they may be
removed or replaced easily, as the occasion may require. Metal
strap hangers are cast in four of the weights, the two center
ones being set at angles to give proper leads to shoulder
which pass over the breastplate of the helmet and cross in the
back so as to counteract any tendency the belt may have to shift
its position.

The Jock strap Is provided for the dual purpose of holding the
belt down in its proper location and to prevent the helmet from
rising over the diver's head which it would do if elongation of
the dress through this overinflation were not prevented.

The present diving belt is the result of progressive develop-
ment over a considerable period of time. Substitutes such as
plain lead diving weights of various shapes. or metal hinged
belts and lead weighted belts made of strong webbing, have
been tested and found unsatisfactory. Experience has indicated
that the present Navy standard diving belt is more comfortable,
more capable of adjustment, and contributes to a better balance
of the diver than belts of any other design or construction investi-
gated to date.

The box for spare pump piston leathers (pl. 12), igure 3, is made
of 27-gage tin. All joints, including those in the top, are sold-
ered to prevent the neat’s-foot oil in which the leathers are
soaked from leaking out. This cylindrical box is 415 Inches high
and 4 inches in diameter. The box with its contents should be
stored in the wooden sill built into the back and at the top of
the pump case. Each box should contain two piston cup leathers
and three leather piston washers.
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DESCRIPTION OF NAVY STANDARD DIVING GEAR

the stresses imposed on them under some conditions attendant
~ on salvage operations. The copper conductors have a tendency
to stretch permanently under heavy loads. This elongation is
not uniform in the respective conductors, and the result is that
one conductor usually is subjected to the full load with subse-
quent failure. When present stocks of this type cable are
exhausted, its issue will be discontinued.

During the salvage operations of the U. S. S. 8—4 there was
developed a rubber-covered cable of approximately 7-inch di-
ameter with a breaking strength of about 5,000 pounds. The
cable consisted of a phosphor bronze wire rubber-covered central
member around which six Insulated copper conductors were
spirally laid and covered with a tough outer rubber molded
cover. The conductors were connected in parallel and so ar-
ranged that fracture of any one of them up to a total of four
would not break the circuit. These cables were made in 600-
and 200-foot lengths. They were used throughout the salvage
operations of the U. 8. 8. -4 and found superior to the sennit-
covered cables described above. However, subsequent and con-
tinued use of these cables indicated them to be unnecessarily
heavy and stiff. Some of these cables are still in use but re-
plenishment of stocks 1s being made with cables of lighter weight.
They are not suitable for use with the old battery-type telephones
nor with the present standard telephones.

Subsequent to the U. 8. 8. §-4 salvage operations there was
developed a diving telephone cable of an overall diameter of
8¢ inch having a breaking strength of approximately 3,000
pounds. The cable is somewhat similar in construction to the
7%-inch cable described above except that it has only four con-
ductors and the core or hoisting member is of corrosion-resist-
ing steel in leu of phosphor bronze. This cable is also fur-
nished in 600- and 200-foot lengths. It has been in service for
several years and the consensus of opinion is that it is superior
to all previous types furnished. This cable has been adopted
as Navy standard diving cable. While developed primarily for
use with the amplifier type of telephones described in this chap-
ter, the connections are equipped with adapters which permit
satisfactory use of the cable with old battery-type telephones.
Plate 72 shows the sennit-covered cables and plate 14 the light-
weight rubber-covered cables described above.

Helmet and diving-gear outfit chests (pls. 15 to 18, inclusive)
are made of Tg-inch thick white ash. The sides are dovetailed
and the entire chest is reinforced around the bottom and top
of the sides with a 314 by l4-inch baseboard and a 2 by 14-inch
beading. Inside measurements of the helmet chest are approxi-
mately 40 by 20 inches with a depth of 2115 inches and it is
divided equally into two compartments. The inside measure-
ments of the outfit chest are 4434 by 171 inches with a depth
of 1714 inches.

The helmet cushion (pl. 19), figure 3 as the name implies, is a
cushion on which the helmet rests, thereby protecting the diver’s
shoulders when he is out of the water and is supporting the total
weight of the helmet and attached parts, which is well over 100
pounds. The cushion is made of tan-colored 8-ounce drill, padded
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DESCRIPTION OF NAVY STANDARD DIVING GEAR

with a layer of best quality hair felt 1 inch in thickness. It
is worn around the neck inside the diving dress.

The Navy diving dress (pls. 6, 7, 8, 20, and 22) is made of the
best white American diving dress fabric and is so constructed
that it encloses the entire body except the head and hands.
The diving dress fabric consists of vulcanized sheet rubber be-
tween layers of cotton twill—this construction rendering the
fabric water and air tight. The dress is reinforced at the points
of wear by chafing patches of the same material cemented in
place. The neck of the dress is fitted with a rubber gasket
through which holes have been molded to fit the studs of the
breastplate. The gasket is fitted with & duck reinforcing web-
bing that starts, as near as practicable, at the bead and extends
laterally half the width of the collar. The inner edge of the
collar has a molded bead of rubber on the outside. This
strengthening bead fits against the breastplate straps. A por-
tion of fabric called the bib is also secured inside the neck
of the dress. The helmet breastplate fits between the rubber
gasket and the bib. The bib fits loosely and comes up well in-
side the neckpiece of the breastplate and serves to prevent any
water that may enter the helmet through the valves from con-
tacting the diver’s body.

Blastic rubber cuffs are cemented to the sleeves of the dress as
required to make watertight the joint at the wrists. The cuffs (pl.
21) which are of molded rubber, are 8 inches long, 314 inches wide
at the bottom, and 6 inches wide at the top. The cuff tapers
toward the bottom 1 inch in 5 inches to a point 5 inches from
the top and from this point tapers 13; inches in 114 inches.
At the diver's wrist where the wristband terminates, the cuffs
are reinforced with a flattened ridge of rubber approximately

346 inch thick and 3, inch wide. In the case of divers having"

very large wrists, the cuffs of the diving dress will sometimes
fit too tightly and interfere with circulation of blood to the
hands. In such cases the remedy is to cut a little off the ends
of the rubber cuffs until the joints are made comfortable.

The legs in the Navy standard diving dresses are shorter and
the body of the Navy diving dress longer than those of com-
mercial diving dresses. These characteristics of the Navy dress
are sometimes criticized as restricting the diver when mounting
the diving ladder, searching on the bottom, etc. The short legs
of the Navy dress not only prevents the jock strap from bearing
on the diver's crotch but also affords sufficient slack in the back
of the suit to permit the diver to stoop as necessary—character-
istics which are considered essential in the deep diving involved
in Navy submarine rescue and salvage operations.

Flaps for lacing the dress to the diver's legs are provided on
the fore legs and upper legs of the dress to prevent an ac-
cumulation of air in the lower portion of the dress. This
provision tends to lessen the danger of accidental “blow-up”
and risks incidental to capsizing. * A diver should never be put
into the water unless the flaps are snugly laced.

Navy diving dresses are made to fit the Mark V-Mod. I helmet
and are furnished in three sizes; viz.,, No. 1, small; No. 2, me-
dium ; and No. 3, large. The No. 1 dress is designed to it divers
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The helmet is fitted with four windows. The one directly in
front of the diver’s face is called the faceplate. The faceplate
is hinged and is held in a closed position by means of a swing-
ing bolt and wing nut secured to the helmet and acting through
two lugs on the faceplate. The wing nut of the bolt when
screwed down fits into a countersunk recess in the two lugs of
the faceplate, thereby preventing slippage or accidental displace-
ment of the bolt from the faceplate. The countersunk recess
referred to should be in the faceplate of all diving helmets. If
the faceplate on any diving helmet in service is discovered to be
without this feature, it should be countersunk by the ship’s force
before the helmets are used. The joint made by the faceplate
flange and the helmet, when the faceplate is closed, is made
watertight by a rubber gasket.

The other three windows of the helmet are located as follows:
one on each side of the helmet on a level with the faceplate
to enable the diver to see laterally; and the third on the mid-
line of the helmet above the faceplate to allow upward vision.
The side and top glasses are glazed in and made watertight by
red lead, held securely by gun-metal frames. The glasses of all
windows and the faceplate are protected against breakage by
gun-metal gratings.

An air-inlet connection is located at the back of the helmet
and to the right, and is curved downward to give the proper lead
to the diver's air hose. The air safety or nonreturn valve
(pl. 26) is screwed onto the end of this gooseneck and the
air hose in turn is coupled to the male-threaded portion of the
valve. The air hose is then led under the diver's left arm
and connected to the air-control valve located on the front of
the suit. The proper functioning of the safety or nonreturn
valve is of utmost importance. Its purpose is to prevent the
diver from being injured by ‘‘squeeze” in the event that his air
hose bursts or the air supply system becomes so seriously dam-
aged as to fail to maintain an air pressure within the dress
sufficient to counteract the external water pressure. Under
either of these conditions the air pressure in the hose would
fall suddenly and if there were no safety valve in place or if
it failed to function, the compressed air in the helmet and dress
would escape through the air hose. Therefore the pressure
within the helmet and dress would become less than the ex-
ternal water pressure. The helmet being rigid and the dress
being flexible, the effect of the greater external pressure would
be to squeeze the diver’s body into his helmet in the same man-
ner as a cork is forced into any empty bottle when lowered
into deep water. Even a slight excess pressure under these
conditions has been known to be instantly fatal to the diver.

The combination telephone and life-line cable connection is
placed to the left at the back of the helmet. The connection is
curved downward to give a fair lead for the cable, which crosses
the air hose and passes under the diver's right arm (plate 6).

An air-regulating exhaust valve is fitted below the window
along the right side of the helmet, together with an escape
channel, so that the point of exhaust is toward the rear of the
helmet. This position of the exhaust prevents air bubbles from
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passing in front of the face plate and obstructing the diver's
view. '

The purpose of the air-regulating escape valve is to auto-
matically maintain the air pressure in the diving helmet in
equilibrium with the outside water pressure and to provide a
means whereby the device can regulate the inflation of his
dress and consequently his buoyancy. As the diver enters the
water, the diving dress is subjected to an external pressure which
tends to force the air in the dress up into the helmet and then
out of the air-regulating escape valve. If the escape of this
alr is not retarded, or the air supply is inadequate, the dress
will collapse and the diver’s breathing interfered with. With
a normal air supply and no means to regulate properly its flow
from the helmet, too great an inflation of the dress will result
and be followed by an excess of positive buoyancy and a con-
sequent “blowing-up” of the diver to the surface. If a diver
finds it necessary to increase his buoyancy, he accomplishes this
by closing the air-regulating escape valve the necessary amount,
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thus increasing the inflation of his dress. If the danger of over-
inflation becomes apparent, he decreases it by opening the valve
by operation of the valve chin button. The throw of the valve
stem, through the medium of the chin button, should be such
as to permit immediate discharge of all excess air. If the flow
is insufficient, the only resort in the past has been to cut off
the air supply or to adjust further the air-regulating escape
valve by operation of the outside regulating screw. This re-
quires an appreciable period of time and meanwhile the over-
inflation of the dress may progress to the point where the diver
becomes excessively buoyant. At the beginning of “blowing-up™
the helmet lifts as far as the jock strap will permit and it is
then difficult for the diver to reach the valve chin button with
his chin. With the rapidly increasing inflation his arms may
become involuntarily distended, with the result that he is unable
to reach his air supply valve or the regulating screw of the

escape valve.

It is obvious from the foregoing that the air-regulating escape
valve is one of the most important features of the diving helmet
and a valve of proper construction, principle of operation, and
reliability is essential to proper performance of diving work and

safety of the diver.
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type valves, if found on any diving helmets in service, should
be removed and discarded and the standard valve installed in
their place before the diving helmet is again used.

To install the improved-type valve in the helmet, refer to plate
27 and proceed as follows:

1. Remove old valve from helmet.

2. With the special rotary tool shown on plate 28 cut groove
around periphery of the valve seat hoss on the diving helmet,
the groove to be cut as deeply as the tool permits.

3. Thoroughly clean out shavings.

4. Pieces (G), (E), (D), (N), (0), and (L) and pieces (M),
(J), (H), and (A) are delivered assembled. Piece (K) is de-
livered separately. Unscrew piece (A) and install assembly (L),
(1), and (H) in valve housing (boss) on helmet, inserting neck
(B) in valve stem guide (P), letting valve (H) seat in valve
housing (C).

5. Screw piece (A) to (B).

6. Connect assembly (G), (E), (D), (0), (N), and (L) to
valve housing (C) by screwing cap (E) to same.

7. To set valve properly screw valve adjusting wheel (@) in
as far as possible.

8. Hold stem assembly (M), (K), (H), and (A) so that valve
seats in valve housing (C). '

9. If in this position the adjusting set screw (M) just touches
piece (N), the valve is properly set.

10. If the adjusting screw (M) does not touch piece (N),
adjust it until it does touch.

11. Unscrew plece (E), insert spring (K) and reassemble.

New diving helmets when purchased will have the air-regulat-
ing escape valve boss grooved as indicated in operation (2) of
the preceding paragraph. If it becomes necessary to groove or
regroove helmets in service, the Bureau of Ships should be advised
and arrangements will be made to furnish temporarily for this
purpose one of the necessary grooving tools. There are only four
of these tools at present available in service and the limited num-
ber necessitates their being used alternately by ships. The tool
is shown on plate 28 and its method of use is as follows:

1. Screw cutting tool (A) in by turning wheel (B) counter-
clockwise as far as possible.

2. Remove lock screw (C) and release thrust nut (D) counter-
clockwise 8 turns.

3. Assemble tool (G) to valve housing in helmet securely by
using pin spanner wrench (furnished).

4. Be sure tool holder (E) does not bind on valve seat. Re-
lease thrust nut (D) farther if necessary.

5. Screw in thrust nut (D) so that tool holder (E) touches
valve seat.

6. Release thrust nut (D) 3 notches to obtain proper clearance.

7. Replace lock screw (C).

8. Screw feeding wheel (B) in until tool starts cutting; turp-
ing crank (F') clockwise one complete revolution for each cut.

9. Turn feeding wheel (B) one notch at a time (indicated by
audible click).
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plate to filter out the bright rays of light when underwater
cutting or welding work is being performed. These frames are
issued only with the No. 1 outfit, however, they can easily be
manufactured at the navy yards. Further details on this subject
are covered in this chapter under “Lights and underwater
illumination.”

The breastplate, part 3, plate 24, is that portion of the diving
suit which connects the helmet to the diving dress. It is made
of the same metal as the diving helmet and is shaped so that
its lower portion fits comfortably over the shoulders, a cush-
ion, figure 3, plate 20, being interposed between the shoulders
and the breastplate. Twelve screw studs and four metal straps
are provided for attaching the diving dress. The straps are
held down against the rubber gasket of the diving dress by 2ight
small and four large wing nuts. Located on the front of the
breastplate are two metal eyelets to which the life line and air
hose are stopped on their respective sides.

The diver’s air hose, plate 29, is of a sinking type, having an
internal nominal diameter of one-half inch and external diameter
of 1%4¢ inches, with a permissible manufacturing tolerance of
plus or minus 142 inch. It consists of a vulcanized rubber tube
reinforced by three plies of braided cotton reenforcement laid on
the bias to prevent the hose from wriggling, twisting, or turning,
while under pressure. The reenforcement is well embedded in
a rubber compound to protect it from chafe or wear. The hose
is furnished in both 3-foot and 50-foot lengths. The 3-foot lengths
are used for the special purpose of connecting the air-control
valve to the air safety or nonreturn valve at the diver’s helmet.
The ends of each length of air hose are capped with a rubber
compound Yg¢ inch thick to prevent moisture coming in contact
with the cotton reinforcement. The tensile strengths of the rub-
ber tube and rubber cover of the hose when new are 1,400 and
1,200 pounds per square inch, respectively. Diving hose when
manufactured is required to withstand working pressure of 500
pounds and a bursting pressure of 2,000 pounds. In addition,
representative samples are required to withstand a hydrostatic
pressure of 1,000 pounds per square inch without bursting. At a
point approximately 4 feet from each end of the 50-foot lengths
of diving hose is located a molded brand of distinctive color con-
taining the word “Divers’.” A similar brand appears midlength
of the 3-foot sections of hose. For details as to the life of diving
hose and its care and maintenance see chapter VI. Diving air
hose is provided in 50-foot lengths. In connecting up the lengths
it should be remembered that the length of hose nearest the diver
will be subjected to the least difference in pressure, and, there-
fore, if there is any preference, the best hose should be on the
end nearest the surface.

The various air-hose fittings are shown on plates 29, 30, 31, and
32. The ends of each length of air hose are fitted alternately
with male and female couplings. These couplings are machined
from bars of naval brass. The couplings and clamps are made
in accordance with the design and dimensions shown on plate
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DESCRIPTION OF NAVY STANDARD DIVING GEAR

shaped, with one edge sharpened for cutting and the other toothed
for sawing. The sheath is of brass, cylindrically shaped with
a conical bottom. The hottom of the sheath is drilled with a
14-inch diameter hole to permit the entrance of water and main-
tain negative buoyancy of the knife. The top end of the sheath
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is threaded to take the threads on the hilt of the knife blade.
The handle of the knife is made of maple, chafed as shown with
small lateral grooves forming equally spaced corrugations to
contribute to firm handhold. The handle is designed to be bal-
anced so that the knife if dropped any distance will fall point
first. The handle nut and the sheath nut are made of brass.
A leather belt 1 inch wide by 24 inches long and %2 inch thick,
with brass knuckle, completes the assembly.

Prior to adoption of the standard diving knife illustrated
therein, the flat sheath bayonet type of knife was used. How-
ever, in several salvage operations considerable difficulty was
experienced by the divers in sheathing the knife and loss of the
blade was a common occurrence. Considerable experimentation
was conducted on various types of knives before adoption of the
present standard knife illustrated herein. It has been found that
blades will frequently break when used for prying, and in order
that the knife, other than the blade, will not be discarded, a stock
of spare blades is maintained at the distributing yard.

The diving ladder, plates 34 and 35, is designed for use over
the side of motor launches. It is adjustable and may be used
to fit either 36, 40, or 50-foot launches. The strut that gives the
correct inclination of the ladder when in use may be folded in
the ladder after removal of the securing bolts, thus facilitating
stowage. The ladder is made of wrought iron and is heavily
galvanized.

Probably the greatest handicap experienced by divers is re-
duced vision under water, which may range from 0 to G5O
percent normal, depending on the turbidity of the water. On ex-
tremely muddy bottoms, with attendant mud and silt in sus-
pension, the diver works in almost total darkness and under
such conditions has to depend mostly on his sense of touch for
identification of objects.

The extent of light penetration or diffusion of light under
water depends principally on the amount of opaque matter sus-
pended in the water inasmuch as the opaque matter reflects the
light back to its source. This condition is largely responsible for
the limited radius of diffusion of light under water. Increasing
the power of the light increases the intensity of illumination but
does not materially increase the radius of diffusion nor does
the use of reflectors to project the rays contribute materially
to greater penetration. Reflectors are, however, beneficial in
protecting the diver's eyes from the glare of the light at its
source.

While the radius of diffusion of light is governed by the clarity
of the water, discernibility under water is considerably contrib-
uted to or hindered by the color of the object being observed.
Brightly colored objects are more clearly seen by the naked eye
or through ordinary glass than dark objects. This has been
substantiated by tests recently conducted by the Navy, the results
of which definitely indicated that in underwater artificial illu-
mination, dark-colored objects may be discerned in more detail
if the bright (glaring) rays of the artificial light are filtered
out. The results of some of these experiments are as follows:
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Prellminary experiments were first conducted in the water
diving tank of the experimental diving unit, where submerged
objects, illuminated with a 250-watt clear incandescent lamp,
were viewed through the observation port, both with filters in line
of vision and removed. It was found that only those filters, the
maximum transmission of which was in the yellow or orange,
were of value. Filters in the greens and blues were detrimental
to good vision. Of this series of filters three were chosen for
extended observations; namely, Corning Glass Co., No. 338
“Noviol,” shade C (lemon yellow), shade No. 246 (amber), and
shade HR red (orange red). These filters were used by a large
pumber of divers in the diving tank and in the river, and of
the three shades, the “Noviol,” shade C, was found to improve
discernibility the greatest extent. To insure that the diver's
findings were actually physical and not psychological, a corroded
steel plate with holes punched in it and nuts and boilts attached
was submerged in the tank in such a position as to be visible
through an observation port. The plate was then illuminated by
a source of radiation so placed that through the port it was not
visible to the eye or camera. Fourteen photographs were taken
under constant conditions of turbidity, distance, and times of
exposure. The results are reproduced on plates 36 to 49, inclu-
sive. In plates 36 to 42, inclusive, the submerged object was
placed 30 inches from the observation port and the source of
fllumination placed 20 inches from the object. Plates 43 and 44
show the appearance of the submerged plate after it had been
moved 60 inches from the observation port with the source of light
50 inches from the object. Plates 45 to 49, inclusive, show the
plate after water in the tank had been changed and the plate
moved again to within 30 inches of the observation port. The
sharpness of the details of the corroded plate with its nuts and
bolts as shown on the respective photographs was then taken as
a criterion of the value of the type of illumination used.

Plate 36 shows the corroded steel plate in the tank illuminated
with a 250-watt “Photoflood No. 1” lamp placed in the diving
lamp casing with no optical filters in the light path. To the eye,
the intervening water appeared to be fllled with a bright haze
due to the light scattered by the suspended matter. This bright
haze confused very markedly the vision of the person looking into
the observation port. The sharp edges of the punched holes, the
slots in the bolt heads, and the edges of the nuts became less
distinguishable. However, after exchanging the clear bulb in
the lamp for a 250-watt amber-colored bulb, the bright haze
between the observer’s eye and the submerged object became
much less and the details of the plate stood out more clearly.
Plate 37 shows the photographic effect of this type of
illumination.

The amber bulb was next replaced with a 250-watt “Photo-
flood” lamp No. 1 and an optical filter made of Corning No. 246
glass placed in front. This glass is a yellowish amber color.
Plate 38 exhibits the appearance of the object under water when
illuminated by the radiation through the No. 246 glass. The
bright scattered light was absent and the details of the plate
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stood out quite clearly. Plate 39 shows the plate when illumi-
nated with the same 250-watt “Photoflood” lamp No. 1 with a
Corning *“Noviol” shade C (lemon yellow) filter interposed be-
tween the lamp and the plate. Again the mass of scattered light
was absent and the details of the plate appeared to become more
discernible.

Plates 40, 41, and 42 were taken with the submerged plate illumi-
nated by the clear bulb “Photoflood” No. 1 lamp placed in the
casing of a Navy standard diving lamp and the optical filter
placed before the lens of the camera. Plate 4) shows the effect
of the Corning “Noviol” shade C, plate 41, Corning No. 246, and
plate 42, a filter made of reddish amber-colored glass known as
Corning HR red. Visual observation and photographic exami-
nation indicated that from an optical standpoint it makes no
difference in the results, whether the filter is placed in front of
the lamp or held before the eye.

Plate 43 shows the submerged plate when it was moved back
from the port to a distance of 60 inches and illuminated by the
clear 250-watt lamp placed 50 inches from it. The water con-
tained considerable suspended matter, due to the activities of
the divers working in the tank. The silt was allowed to settle
until a constant condition of turbidity was reached before the
photograph was taken. When the plate was observed through
the port illuminated by the clear lamp, the scattered light was
80 intense that the eye was blind to such an extent the details
of the plate were quite indistinet. Three filters, namely, Corning
“Noviol” shade C, Cornirg No. 246, and Corning HR red, were
in turn placerl before the diving lamp. In euch case the bright
scattered light became much less pronounced and the details of
the plates became more distinguishable, although of course much
less so than when the plate was 30 inches from the port. Plate
44 shows the plate when illuminated by radiation from the clear
lJamp which had passed through the “Noviol” shade C filter.
With this illumination the nuts and bolt heads were more clearly
seen.

Plate 45 shows the appearance of the submerged plate when
illuminated with a large General Electric sodium vapor lamp
enclosed in a watertight casing. To the eye the plate and its
details were very clearly visible and the scattered light between
the observer and the object did not appear to be very intense.
Plate 46 shows the submerged plate again illuminated with the
radiation from the sodium light with an Eastman K-3 filter in
front of the camera lens.

Plate 47 shows the submerged object again illuminated by the
cleur lamp in front of which was filter of Corning *“Noviol” shade
C. A comparison of plates 46 and 47 shows the two sources of
illumination to be about of equal value, which observation is
supported by visual trials. In plate 48 an Eastman K-3 filter
was placed in front of the camera lens with no noticeable effect.

Plate 49 shows the submerged plate illuminated by radiation
from a high-powered G. E. mercury vapor lamp enclosed in a
watertight casing. As was expected, to the cye the details of
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the plate were quite indistinct, since the eye loses its sensitivity
quite rapidly as the wavelength of radiation decreases; and, as
is well known, the mercury arc is rich in radiation in the blue
region. The photographic plate, which is sensitive to the lower
wavelengths, would be expected to show about as much contrast
as with other types of illumination.

While these tests definitely established the fact that where
clarity of water is such as to permit light penetration, an op-
tical filter with maximum transmission in the yellow materially
improves the discernibility of submerged objects by the diver.
On the other hand, when the quantity of sediment in the water
exceeds a certain value, optical filters are of no value. So far
as concerns their use under conditions attendant on Navy div-
ing, sodium vapor and mercury lights offer no advantage over
the Navy standard diving light.

As a result of the above experiments, an optical fllter of
“Noviol” shade C glass, fitted in a frame, plate 25-A, which can
be readily attached to the faceplate of the diving helmet, has
been adopted for use in work involving underwater cutting and
welding.

The diving light adopted for Navy use is the result of develop-
ment through several actual salvage operations. The light con-
sists of a 1,000-watt lamp, a lamp holder of seamless brass tubing,
and a chromium-plated copper (20 B. & 8. gage) reflector fitted
with a wire-meshed guard. The lamps are made of special glass
designed to withstand pressures equivalent to those at 500-foot
depths. The lights are of two types as illustrated on plates 50
to 53, inclusive. The light shown on plates 50 and 51 is known
as the Westinghouse type. That shown on plates 52 and 53
is known as the Morse type. The Westinghouse type reflector is
cylindrically shaped with a dome top, the diameter at the base
being approximately 11 inches, whereas the Morse type is para-
bolical in shape and with a base approximately 10 inches in di-
ameter. The reflectors of both types are mounted on a cylindrical
nonwatertight metal sleeve fitted at the outer end with a nut
and rubber bushing for securing the lamp and cable. The West-
inghouse lamp is tailed with a 3-foot length of twin conductor
cable forming an integral part of the lamp unit. The lamp unit
is taped with rubber insulating tape to form a watertight as-
sembly which is housed by the metal sleeve referred to above.
The lamp with the 3 feet of cable taped as described is issued
assembled as a unit. When in use, the free end of the 3-foot
section of cable forming a part of the unit is spliced and taped
to twin conductor cable of the length required for a particular
diving operation. In replacing the lamp with the 3-foot section
of cable, the locking nut on the end of the sleeve of the light is
backed off, and the lamp unit in its entirety removed from its
housing. In the Morse type light the 3-foot length of cable is
secured at the reflector end to a threaded receptacle which accom-
modates lamp bulbs of standard screw type, the cable joints and
receptacle being encased in a soft rubber sleeve, the free end of
which snaps over and is clamped around the neck of the lamp
bulb forming a watertight cover for the terminals.
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The lamps of diving lights should never be lighted in air as the
heat generated burns out the bulb fllament in a few seconds.
The light should be submerged before lighting and the current
should be turned off before the light is hoisted from the water.

Lines used in diving and salvage operations are those extend-
ing from the surface ship to or in vicinity of the diver. In
general, they are as follows:

Blowing hose.—Blowing hose is used for blowing and venting
air to and from compartments, tanks, etc.,, under water. The
hose usually used for this purpose is the 134-inch diameter pneu-
matic air hose supplied to rescue and salvage vessels. The
14-inch diameter diving hose is also used for this purpose where
the operations are not of the magnitude requiring the use of larger
size hose.

Descending lines.—Descending lines are the medium by which
the diver descends to the bottom. In rescue and salvage work,
after the sunken vessel has been located, a line is usually at-
tached to the wreck by the diver and taken to the diving vessel.
In subsequent dives the diver slides down this descending iine
in order to reach the desired point on the wreck. For descents
in ordinary diving; viz., for searching, observations, etc., the
descending line is lowered direct to the bottom by shackling its
end into the eye of a 100-pound weight (pl. 75). In strong tide-
ways, should the 100-pound weight not remain on the bottom,
additional weights must be added. .

Standard descending lines are made of 3-inch circumference
manila rope. The lines are 200 feet long and are cable laid to
prevent twist and to make identification by the diver easy.

Distance lines.—Distance lines are made of 15-thread cable-
laid manila 60 feet in length. The line is bent onto the descend-
ing line just above the descending line weight. It is used by the
diver in rotary searching and as a guide for relocating the
descending line when he is ready to ascend. Standard distance
lines are made up into loose coils for convenience of the diver.

Hauling lines.—Hauling lines may be either wire rope up to
3-inch diameter or manila line up to 1%-inch circumference.
Hauling lines are used by surface attendants to assist the diver in
lifting or moving heavy objects on the bottom.

Diving-light cable.—The diving-light cable is the electric cable
carrying the copper conductors for the diving light. This cable
is approximately 14 inch in diameter.

Life line and air hose.—The life line and air-hose line is that
combination of life line or telephone cable and the diving air
hose which is lashed together by marline at stated intervals
nlong its entire length and by a canvas sheath at the lower end.

Lowering lines.—Lowering lines vary in size from 4-inch
manfla to 9- or 12-thread material. They are the lines that are
attached to objects being sent to the bottom and are also used
for the purpose of controlling the movement or position of these
objects.

Recving lines.—Reeving lines are the combinations of 114-, 214,
4-, and 6-inch manila, and 1-inch wire rope, which are passed
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through the tunnels blown under sunken vessels preparatory to
bhauling through the pontoon chains. (See ch. XIX.)

Stage lines.—Stage lines are made of 3-inch and 4-inch manila
and are used to raise and lower the diving decompression stages.
As furnished with the small stages they are of 3-inch manila
and 112 feet long, with marks 10 feet apart corresponding to
decompression stops; the first mark being so located as to be 10
feet from the bottom of the stage platformm when shackled to )
the platform. The upper ends of the lines are whipped to pre- %

vent fraying. The lower ends are fitted with thimbles and sister £ « .

hooks (or shackles) for attaching the lines to the slings of the
stage. Two lines are used with the small stage.

The stage line for the larger stages is made of 4-inch manila.
As shown by plate 67 only one line is required for each stage.
They are made up on board ship in lengths consistent with the
depth of the dive.

The stage lines for the smaller stage are marked with metal
tags perforated or formed in strips, as illustrated on plate 68,
to indicate the depth of submergence of the stage. The lines
of the large stage are usually marked with colored rags (flag
bunting) to indicate the depth of submergence, as follows :

10 feet, 1 cloth tag (red). 90 feet, 3 cloth tags (blue).

20 feet, 1 cloth tag (yellow). 100 feet, 4 cloth tags (red).

30 feet, 1 cloth tag (blue). 110 feet, 4 cloth tags (yellow).
40 feet, 2 cloth tags (red). 120 feet, 4 cloth tags (blue).
50 feet, 2 cloth tags (yellow). 130 feet, 5 cloth tags (red).
60 feet, 2 cloth tags (blue). 140 feet, 5 cloth tags (yellow).
70 feet, 3 cloth tags ((red). 150 feet, 5 cloth tags (blue).

80 feet, 3 cloth tags (yellow).

Diver’s air manifolds (pl. 54) are brass castings. They have Manifolds,

one inlet and three outlet nipples, and are suitable for use in
connecting the delivery air of three diving pumps to a single
diver's afr hose or vice versa.

diver’s, air.

6

The standard diving air pump, mark III, plates 55 to 60, in- pump, diving,
clusive, is a twin-cylinder, double-acting, manually operated &ir-

pump. The complete pump consists of the following principal
parts:

Frame—~The frame, plate 59, is of rigid design and constructed
of cast iron. The manufacturer’s serial number of the pump
is plainly stamped in visible figures on the upper center of the
upper rail-rod support. The frame is strengthened by horizontal
braces supporting the crankshaft and bedplate. It is firmly se-
cured to the pump case by four brass holding-down bolts which
pass through the foot lugs of the frame and the bottom of the
case. .

Bedplate.—The bedplate is made of gun metal, bolted to the
pump frame, and forms a true base and support for the cylinders.
Cast integral with the bedplate and located on its under side
are two oblong boxes or air reservoirs which are fitted with
cover plates bolted in place and made airtight by means of
leather gaskets.
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DESCRIPTION OF NAVY STANDARD DIVING GEAR

tically all the air that i8 compressed by the cylinders is forced
out.

Piston rods.—The piston rods pass through the cylinder-cover
stuffing boxes and the piston-rod guides located in separate guide
supports fastened to the angle braces of the pump frame. Con-
necting slings are pivoted to the square sections on the rods which,
in turn, are connected to brass bearing blocks on the crankshaft.

L

PISTON FOR
D LB - s ! !

MARK IIT

PLATE 61.—Navy standard diving pump piston.
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Crankshaft.—The crankshaft of forged steel revolves in the
journal bearings on the pump frame. The cranks are set at
approximately 90° from each other and the ends of the shaft
project from the pump case on either side sufficiently to provide
room for the flywheels. The ends of the shaft are threaded and
fitted with turned brass nuts for holding the flywheels in place.
Brass ofl drip cups packed with wisps of hair felt are fitted to
each upper bearing brass of the crankshaft.

Flywheels.—The flywheels are of cast iron with wrought-iron
spokes. A provision is made to secure either long or short pump-
wheel handles directly to the wheel rims. The wheels weigh
150 pounds each, and have a square hole machined through the
hub which fits a corresponding square section on the ends of
the crankshaft. The square ends of the crankshaft taper
slightly to facilitate removal or application of the flywheels
The flywheels are interchangeable.

Pump-wheel handles.—The improved type of pump-wheel
handles (pls. 57 and 60) of multiple quill type is furnished in
two sizes: No. 1, or large size, and No. 2, or small size. The
large size accommodates six men at the pump, while the small
size provides room for only four men. The handles bolt directly
into the rims of the filywheels, and consist of lignum-vitae
quills each mounted with brass ferrules on a steel shaft in such
a manner that each quill turns independently. The set of short
handles are stored inside and at the back of the pump case,
whereas the long handles are secured in brackets in the front
corners of the case.

Cistern.—A water cistern made of sheet copper heavily tinned
insilde and outside surrounds the pump cylinders, and is secured
to the bedplate. The cistern is of sufficient height to permit the
contained cooling water to flood the top and sides of the cylin-
ders. At the back of the pump case, necessary water connec-
tions are provided for fllling, draining, or overflowing of the
cistern. When the pump is used in warm weather, the water
cistern must be filled with cold water and the water changed as
often as it warms; otherwise, the air furnished the diver or
divers will be heated to such an extent as to endanger their
physical well-heing. An overflow nozzle similur to a male hose
connection is furnished to lead clear of the pump any over-
flow of the cooling water.

Pump case.—The pump case is made of high-grade, well-sea-
sgoned, fine-grained white ash. The sides are dovetailed together
at the corners, the corners are bound with angle brass. The
bottom edges are protected by brass shoes. The cover is hinged
at the back and is held in the open position by cover sup-
ports. A large removable door is fitted in an opening at the
front of the case through which opening some parts of the
pump are more readily accessible than from the top. The pump
gages (pls. 58 and 60) are located on the inside of the case with
their dials visible through circular openings cut in the front of
the case. These dials are protected by brass covers hinged on the
outside and front of the pump case. When not in use, the
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DESCRIPTION OF NAVY STANDARD DIVING GEAR

ends of the crankshaft are protected by caps bolted to the
pump case. These protecting caps should never be used for lift-
ing the pump case. Wrought-iron lifting rings are secured on
front and back of the case for such purposes. Their bolts pass
through the wooden frame and are fastened into a stiffening
iron that encircles the inside of the case. The opening at the
bottom of the case is closed by a brass cover held in place by
a number of wing nuts. The plate is dished so that the drip-
ping oil or water will be drained towards the center, where a
drain plug is located.

In the upper part of the case at the back, a wooden till is
provided for the following tools and spare pump parts, which
should be kept on hand at all times:

2 gaskets, cylinder-head.

1 nozzle, overflow.

1 nut, pump handle, spare.

1 nut, pump wheel, spare.

1 pound packing, piston rod.

1 box containing spare leathers in oil for one piston.

1 tool, assembling, piston.

1 tool, lock nut, piston.

2 valves, pump, complete, spare.

4 washers, pump, valve body.

1 wrench, double open end, for crankshaft bearing bolt
and nuts.

1 wrench, double open end, for crankshaft and cylinder oil
cups, and helmet transmitter securing nuts.

1 wrench, open end, for nuts on pump air manifold.

1 wrench, socket-type, for cylinder head bolts.

1 wrench, spanner, face, piston.

1 wrench, spanner, pump.

Piston assembling tool.—The assembling tool (pl. 62) for use
in installing the pistons into the cylinders of the diving pump is
made of gun metal, in two parts hinged together, and is fitted
with a clamping screw and wing nut. New pistons, when as-
sembled, fit the cylinders very neatly, thus making the use of
this tool necessary to avoid injury to the edges of the lower
cup leathers. When the pistons are difficult to insert, pressure
must be applied; therefore, it is necessary to provide a length
of pipe to fit over the piston rod, upon which pressure may bhe
applied without injury to the piston rod. This pipe is of a tem-
porary nature and should be longer than the piston rod with
its lower end resting upon the metal part of the piston.

The oil separators (pls. 63 and 64) are furnished o prevent
oil that the air may carry over from the pumping system from
being blown into the air hose. Each separator is made of two
bronze cups screwed together against a leather gasket. The air
current within the separator is directed by a baffle through a
lufer sponge, sewed with fine copper wire, which fliters the air
before entrance into the air hose.

150924—43——6
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Shoes, diving. The weighted diving shoes adoptell as standard by the Navy
are shown on plate 65. The shoed are furnished in pairs. Each
shoe weighs approximately twenty pounds and is of the following
dimensions : b

ILength inside, approximately 13 inches.
Height inside of heel, approximately 6342 inches.
Height inside, 34 inch from inside surface of toe, 13

inches.

Height inside, 5 inches from inside surface of toe, 215
inches.

Height inside, 41 inches from inside surface of toe, 214
inches.

Each shoe consists of a lead sole, a hardwood upper sole and
leather uppers. The lead sole is a one-piece casting 5 inch thick
and 1434 inches long, containing six drilled holes 2lg¢ inch in
diameter, counterbored for the 7%-inch diameter by 14-inch
thick rivet heads and washers which secure the upper sole to
the lead sole. The upper sole is made of 134-inch thick maple,
free from knots, worm holes, cracks, etc., rabbeted around its
upper peripheral edge with a rabbet 14 inch deep by 3§ Inch
wide. The upper sole is drilled and counterbored with six rivet
holes to coincide with the rivet holes in the lead sole. The up-
per sole is riveted to the lead sole by six Tobin bronze cold-
drawn rivets, the top of the head of the rivets being flush with
the top surface of the inner sole. The ends of the rivets termi-

,-

-3

===

PLATE.—Piston pump assembling tool.
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ameter wire and 114-inch inside diameter eye are secured to the
platform, one at each corner and one in the middle of each end
by riveting. The corner eye bolts are for connecting the lege
of the bails. The center eyebolts in the ends of the stage are
for attaching guy ropes for steadying the stage and for suspend-
ing weights to the stage.

The stage bails are made of round galvanized-iron rod bent
into the shape of an inverted V with a rounded apex. The lower
ends of the two balls terminate in eyes which pass through the
eyes of the corner bolts on the stage. This construction per-
mits the bails to swing down flat against the stage in stowage.

The small stage is lowered to desired depths by 3-inch manila
lines, each 115 feet long, as shown on plate 66.

The large stage (pls. 67 and 68) is usually lowered by one
4-inch manila line, a bridle, and an interposed spreader. The
spreader is 42 Inches wide with elongated eyes at each end,
through which are secured the legs of the bridle and one end
of each of two 30-inch lengths of 5¢-inch diameter wire rope,
thimbled and served at each end. The other end of each of
these two sections of rope is shackled to the eye of the stage
bail. The bridle is of one piece of Z§-inch diameter wire, with
a bight seized in the center to form an eye. The length of the
wire i8 such as to form a triangle 36 inches in height.

The platforms of these stages some years ago were made of
galvanized flat iron bars spaced about 1 inch apart. It was
found that it was possible for a diver to come up under the
stage and foul some of the helmet fittings hetween the bars of
the stage. The perforated plate was accordingly adopted as the
standard platform.

A detailed description of the decompression stage lowering line«
is given in this chapter under “Stage lines.”

The diver's dressing stool (pl. 69) is 19 inches high, made of
1-inch yellow pine, and painted with clear varnish. Under the
14- by 18-inch seat a shelf is built in which should be stored the
wing nut T wrenches, wing nuts, copper washers, breastplate
segments, a pair of pliers, and a 13§-inch open-end wrench.

Testing tanks (pl. 74-A) are made of steel, are of 1 cubic foot
capacity, and are fitted with a gage registering 300 pounds, pet
cock, inlet and outlet nipples which are submarine threaded to
take the diving air hose, transportation handles, and a name
plate marked with the capacity, date, and place of manufacture,
and the test pressure to which the tank has been subjected. The
tanks are required to withstand an internal test pressure of 600
pounds per square inch before its acceptance from manufacturer.
It is used for proving the efliciency of diving air pumps and as
an expansion tank or low-pressure receiver when diving with
compressed air supplied from air flasks or air-flask banks such
as used in some diving launches.

Communication between submerged divers. and thelr surface
tenders may be accomplished by (1) telephonic transmission, (2)
mechanical transmission of hand signals by pulls on the life line,
and (8) messages written on slates or the equivalent, lowered
and hoisted to and fro from deck to diver. .
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80 DIVING MANUAL

The practicability of hand signaling obviously is dependent on
a clear life line and even then the scope of communication is
limited to such single words or short phrases as can be easily
memorized and represented by numerical pulls on the line. Also
in deep diving the long length of the life line and its attendant
weight makes dependable communication by this method difficult.
Written communication requires considerable time. The lower-
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The dry-cell battery type of telephone is shown on plate 72. It
consists of the battery box, the diver's head set, the diver's trans-
mitter, the attendant’s outfit, and the telephone cable and
couplings.

Battery box.—The battery box contains the battery of 12 dry
cells which are connected to the terminals of an on-off switch.
Couplings are provided on the box for the diver's and the attend-
ant’s telephone cables.

Diver's head set.—The diver's head set consists of an adjust-
able canvas cap to which the telephone receivers are attached.
The cap fits firmly on the diver’s head and the rubber ear pieces
of the receivers are held snugly against the diver's ears by the
tension exerted by a chin strap. The receivers are connected in
parallel by a telephone cord. The free end of this cord is fitted
with a plug that connects into a receptacle located permanently
inside the helmet.

Diver’s transmitter.—The diver’s transmitter is located in a re-
cessed box on the inside of the helmet, to the left and slightly
above the faceplate.

Diver's attendant’s outfit.—The attendant’s outfit consists of u
single receiver fitted to a spring head band, a transmitter, a tele-
phone cord, and a coupling that is attached to an outlet on the
battery box. When not in use, the attendant’s outfit and the
diver’s head set are stowed in the vacant compartment of the bat-
tery box.

Telephone cable.—The telephone cable originally forming a
part of the battery-type telephone system is a combined telephone
cable and life line, consisting of three conductors which form the
heart of the cable and provide electrical connection from the
tender to the diver. The outer woven cover of the cable serves
as a life line and as a protection for the conductors. The entire
arrangement is a combination of two simple telephone circuits,
with one transmitter and one or more receivers in each circuit.
Although the two circuits have separate batteries, they have only
a single common return. Cables of this type, which are shown
on plate 72, when new have a breaking strength of only about 350
pounds. They are no longer carried in stock although there are
still some in service. When cables of this type are no longer
serviceable, replacement is bheing made with the rubber-covered
cables, plate 14, identical to those used with the diving amplifier
equipment, except that they are fitted with adapters designed to
fit the terminals on the battery box.

The batteryless diving telephone which is no longer supplied is
shown on plates 70 and 70-A. It consists of the diver’s outfit,
the tender’s outfit, the telephone cable, a flber carrying case, and
a control box. This apparatus—as its name implies—does not
require batteries nor any other external power supply.

The diver’s outfit consists of two receiver units mounted in a
snug-fitting leather cap and a transmitter unit mounted in the
helmet and equipped with a speaking tube and mouthpiece. 'The
diver’s receiver and transmitter units are connected in parallel
across two conductors of the telephone cable.

The tender’s outfit consists of two receiver units mounted in a
head set and a transmitter unit mounted on a breastplate. The
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tender's receiver and transmitter units are connected in parallel
across the same two conductors of the telephone cable, leaving
two spare conductors.

The six batteryless units, which comprise the two stations. are
of permanent magnet, noncorrosive steel, diaphragm-type con-
struction and require no power for the transmission and repro-
duction of speech other than the voltage generated in the coil
by the magnetic impulses set up by the vibrations of a diaphragm
relative to the permanent magnets. All of the units are identical
and any unit will function as either a receiver or a transmitter
without change in connections. Thus, the system may still oper-
ate with two inoperative units at each end of the line. Com-
munication may be maintained by using the remaining unit at
each end as both transmitter and receiver.

The combination telephone and life-line cable originally fur-
nished with the batteryless telephone system was a rubber-cov-
ered cable, with six or seven insulated copper-wire conductors
spirally wound around a central phosphor-bronze wire cable. The
finished cable had a breaking strength of 5,000 pounds. The
welight of this type of cable proved excessive for deep dives and
was later superseded by the lightweight cable shown on plate 14
which is standard for use with the various types of telephones
and the diving amplitier equipment described herein.

Submarine rescue and salvage operations sometimes require
the simultaneous descent of as many as three divers. The bat-
teryless telephone systems furnished salvage vessels include a
special control box which contains plugs and switches that permit
cominunication with a maximum of three divers.

The volume of sound produced by batteryless telephone systems
is usually insuflicient for clear reception by the diver in deep
dives due to the hiss of the air supply in the helmet. Thus, it
is often necessary to stop the air supply during conversation.
An amplifier designed to increase the volume of sound was pre«
vided submarine rescue vessels. While the reception was some-
what improved by use of this supplemental equipment, the sys-
tem still has several objectionable features not common to the
amplifier type of diving telephone or the present diving ampli-
fier. Major objections are that the diver's head set which, though
soft, is close fitting, uncomfortable, and susceptible to accidental
disarrangement.

The amplifier type of diving telephone was the first successful
departure from straight telephone communication for diving
operations. The equipment is very similar to the present diving
amplifier equipment and its component parts are the amplifier
with a built-in transmitter-reproducer, the diver's transmitter-
receiver, the power cables and the combination diving amplifier
and life-line cable.

Amplifier—The amplifier was supplied in two types, according
to the power supply. Type A operates from 6 volts D. C. or by
means of a series resistor from a 110-volt D. C. line. Type B
operates only from a 110-volt D. C. Line. Plate 71, part 1, shows
the type B amplifier which is identical to the type A except for the
difference in power supplies.
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The amplifier is of a low-gain type designed for communication
between the tender and three divers and Is arranged so that divers
nay talk to each other. A portable metal case serves to house
the amplifier, the tender’s transmitter-receiver, the control panel,
and the receptacles. Receptacles are provided for three diving
cables, one or two power cables, and a 25-foot cable for a portable
transmitter-receiver unit for use on the tender. All receptacles
are provided with a cover for protection when not in use. Three
talk keys for selecting divers are mounted on the control panel
with the power switch. This system retains its relation to the
telephone system in that when the transmitter-receiver units are
interconnected, they will operate as a batteryless telephone system.

Helmet transmitter-receiver.—A transmitter-receiver unit is
provided for the diver. This unit has a flexible voice tube which is
necessary to provide sufficient volume of sound for successful com-
munication.

Cables.—The power cable used in this system is shown as part
16, plate 71. The diving cable is described below under “standard
diving cable.”

The equipment now being issued for use as the means of com-
munication between a diver and his tender is known as diving
amplifier equipment. This equipment is the result of the develop-
ment of the telephone equipment previously described. It consists
of the diving amplifier, the diver's transmitter-reproducer unit,
the power cables, and the combination diving amplifier and life-
line cable. This equipment is a complete departure from the
telephone type of system and contains the advantages of recent
developments in amplified speech communication. The main dif-
ferences in this present system and its immediate predecessor are
the use of a relatively high powered amplifier, controlled volume of
speech in each direction separately, and controlled frequency
response for speech in each direction. The high volume provides
sufficient audible sound to overcome the ambient hiss due to air en-
tering the helmet with the result that communication may be easily
maintained without shutting off the air. Controlled frequency re-
sponse is especinlly important under conditions of deep diving
where high pressure and helium-oxygen atmospheres cause the
human vuice to become extremely high pitched.

Diving amplificr—The diving amplifier is the heart of the
system and serves to amplify the voice in each direction, provides
a convenient control panel, acts as a terminal board for the
diving cables, and supports the tender’s transmitter-reproducer
unit. Each amplifier is designed to provide two-way speech from
the tender to a maximum of three divers.

The case is of strong metal construction and is provided with
handles for easy carrying. Three jacks for connecting to the
«iving cables, three jacks for connecting to power supply cables,
and a control panel are mounted on the case. All jacks have
screw covers for protection when not in use. The tender’s trans-
niitter-reproducer iS mounted rigidly to the top of the amplifier
case. The entire unit is splashproof and will withstand damp
salt air without damage.

The amplifier will operate from any one of three power supplies,
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DESCRIPTION OF NAVY STANDARD DIVING GEAR

The overall trousers (pl. 74) are made of light canvas, with
adjustable straps fitted with brass buckles and eyelets, two
pockets, reenforced with patches over the knees, and provided
with flaps and thongs for lacing up the legs. The overall
trousers are used to protect the diving dress from chafe and
wear.

The air-control valve (pl. 75) is of the needle-valve design, and
is used to control the inlet of air to the diver’s helmet. The
valve body is a brass casting, approximately 4% inches in length,
with a boss cast at a 35° angle to take the valve stem, stuffing
hox, gland, and cap nut. A retaining yoke prevents the valve-
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I'LaTE 71-E.—Diving telephone coupling, for helmet gooseneck (female connection)—

Assembled.
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PLATE T71-F.--Diving telephone coupling, for helmet gooseneck (female connection)—

Disassembled,

stem stuffing-box cap nut from backing off. Coupling nuts are
spun on both ends of the valve body to take the male couplings
of the air hose. The new control valve has male threads on both
ends to take the female coupling of the air hose. This valve is
held to the diver’s dress by means of a link and bracket chain that
is placed under, and secured by, the wing nut on the long stud at
the lower left-hand side of the breastplate.

Cast-iron weights (pl. 76) are provided in three sizes, i. e., 25,
50, and 100 pounds. They are of mushroom shape, titted with
steel pad eyes as shown, and are painted black. The 25-pound
welghts are usually used as marker-buoy weights. The 50-pound
weights are used with the decompression stages. The 100-pound
weights are generally used as descending line weights.
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Types.

CHAPTER V
SHALLOW-WATER DIVING APPARATUS

Navy shallow-water diving apparatus consists of three types—
one known as the Miller-Dunn type, one as the Morse type, and
one as the Ohio Rubber Co. type. Being light in weight and
compact they can be transported and stowed easily. While shal-
low-water diving does not present the hazards involved in deep-
sea diving, a real hazard does exist t¢ the man unfamiliar with the
methods and basic physiological principles of deep-sea diving.
This equipment should be used only by trained divers or under the
supervision of a competent officer or enlisted man trained in
this fleld. The divers should be good swimmers. They are use-
ful in warm water in performing such work as examining and
cleaning ships’ strainers, propeller work, etc. The Morse and
Miller-Dunn types each consists of a helmet, lead weights at-
tached to the helmet, 50 feet of rubber air hose, and a manu-
ally-operated hand pump. Their prineciple of operation is the
same. Air is supplied to the helmet by operation of the hand
pump at a pressure greater than the surrounding water pressure
at shallow depths. The excess air pressure in the helmet prevents
the water, which of course has access through the bottom
of the helmet, from rising above the level of the air inlet. It
is for this reason that the air inlet is located near the bottom of
the helmet. Ixcess air escapes through the bottom of the hel-
met. If the helmet is tilted too far from the vertical, there is
danger of all of the air in the helmet escaping and the helmet
filling with water. While the diver may stoop slightly without
this occurring, any tilting of the helmet in excess of 45° will
allow the water to rise in the helmet above the level of the
diver's mouth and nose. Likewise, if the pressure of the air
supplied to the helmet is less than the pressure of the water
surrounding the helmet, the water level rises in the helmet until
the internal and external pressures equalize. Accordingly, care
should be taken that the depths to which dives are made are not
greater than those to which the pump can supply air, in volume
and pressure commensurate with requirements. The Ohio Rub-
ber Co. type consists of a rubber face mask, one nonreturn valve,
2 pairs of diver's underwear, 2 puirs of rubber sneakers, one 50-foot
length of air hose, one 3-foot length of air hose, an expansion tank,
and a manually-operated hand pump of the same type as supplied
with the Miller-Dunn or the Morse type apparatus. Detailed in-
structions are furnished with the face mask outfit. With this
type apparatus, the diver has greater freedom of movement, and
can assume any position without water entering the face mask,
provided air of proper pressure is continuously supplied to the
mask. It is also easier for the diver to maintain an upright
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position with this type of outfit than with the helmet types.
For Navy work, use of shallow-water diving outfits is restricted
to depths of 36 feet or less. A detailed deseription of each type
follows:

The Miller-Dunn Navy type shallow-water diving outfit is
shown on plate 76.

Helmet—The helmet of 17-ounce, hard-rolled copper is cylin-
drical in shape, domed on top, and made with a rolled edge at
the bottom to conform with and fit comfortably on the diver’s
shoulders, upper chest, and back. The unweighted helnet weighs
2615 pounds, but when properly weighted, it weighs 60 pounds.
A handle is riveted to the top of the helmet to facilitate han-
dling.

The front of the helmet ix fitted with a heavy bronze frame
in which two plate-glass windows are located. The windows
are made watertight by being set in soft wicking sonked with
white lead, and are secured by right- and left-handed securing
frames held to the helmet by 19 hexagonul-headed stud bolts.
Each window is 10 by 5 inches, and either glass may be removed
for replacement without disturbing the other. A long-top, short-
bottom guard protects the glass from breakage. A male-threaded
air inlet connection, termed the gooseneck, is riveted and sweated
on the right side of the helmet near the bottom and is curved
downward toward the rear at a 35° angle so as to give a fair
lead to the air hose. An eye is formed on the curve of the
gooseneck for securing the bight of the air hose.

A copper bafic plate sweated over the air inlet inside the
helmet deflects the air upon entrance, causing it to pass over the
faceplate and thus prevent its fogzing. Small hoeles pierced in
the bottom part of the helmet permit the escape of excess air
in addition to that which escapes around the shoulders. DBroad
copper straps are riveted to the front and back plates of the
brass clips molded in the lead weights.

Four 81 -pound lead weights are hung on the weight straps of
the helmet, two in front and two at the back, to prevent the
helmet from lifting off the diver’s shoulders. They are secured
to the helmet by marline stops passed through holes provided in
the weights.

Pump.—The alr pump is a twin-cylinder, single-nction pump
that ix manually-operated by a lever 37 inches long, fitted with a
hardwood handle. The weight of the pump complete is 28
pounds, and is designed and constructed to supply an adequate
amount of alr down to depths of about 40 feet.

The bottomn plate is an irregular-shaped iron casting having
a vertical standard in the center to which is pinned n rocker
arm or beam of the same material., This rocker arm or heam
has a drilled fork end to which are pinned the upper ends of
the piston rods. A socket also formed in the rocker-arm cast-
ing provided a means for holding the pump handle that is held
in place by a set screw.

The vertically mounted cylinders are of seamless drawn brass,
3.375 inches in diameter, and have an inside depth of 7 inches.
Each cylinder is closed at the bottom by a composition metal
head screwed and sweated permanently in place. Cast with
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screwed on the cylinder. Lugs cast in one with this head may
be engaged by a hook spanner wrench for tightening or removal.
Besides the cemter hole for the piston rod’s passage, four other
holes are drilled through the top cylinder head. These holes
not only prevent cushioning on the upward stroke of the pistons,
but also allow for oiling of the piston leather, for heat dissipa-
tion, and for lightness.

The piston consists of two cast disks with a cup leather inter-
posed between them, and when properly assembled the piston
has a thickness of 1 inch. Length of its stroke is 3.75 inches
and stroke delivery when 100 percent efficient is 33.55 cubic
inches of air.

The piston rod is 6.375 inches in length, 0.625 inch in diame
ter, and passes through the center hole in the cylinder head
that forms a guide for it. The piston rod is threaded on the
lower end and passes through a central hole in the upper disk
and cup leather and screws into the threaded hole in the lower
disk of the piston.

The vertical position valve bodies are interconnected by a
7-inch length of flexible rubber hose thus constituting the pump
manifold. Near the manifold air connection to each bottom cyl-
inder head is a small screw that may be removed to drain
any excess oil formed in the cylinders. The upper ends of the
valve bodies are closed by nuts. When facing the pump mani-
fold, the right-hand valve body nut has an air connection for
the male end fitting of the diving hose. In the lower end of
each valve body is screwed a nut that has a 3§-inch hole drilled
through its center. This hole forms the suction intake for each
cylinder, and the upper inside part of the nut forms a seat for
the inlet valve. The floating-type inlet valve has a short-fluted
stem and a leather-washer-faced, flat seat. This valve is held
seated due to its own weight and the pressure of delivery air
when its respective cylinder is under compression. The valve
lifts on the suction stroke permitting air to enter the bottom of
the cylinder. An outlet valve similar in shape and size to the
inlet valve is located in the upper part of each valve body
and rests on its seat formed in the valve body. The compression
stroke causes this valve to lift, and the air discharges into the
air hose.

Air hose.—The air hose is a flexible vulcanized rubber tube
surrounded by a two-ply, braided, duck covering laid in rubber
that, in turn, is covered by a smooth outer layer of rubber. The
hose is 50 feet in length, weighs 16.75 pounds, and has an inside
diameter of 0.5 inch and an outside diameter of 1 inch. One
end of the hose is fitted with a commercial threaded, brass male
coupling that connects to the pump manifold. The other end
is fitted with a female-type coupling that connects to the goose-
neck at the helmet. The hose is marked FOR SHALLOW WA-
TER DIVING, about 2 feet from either end with inlaid letters.
The special thread used on the couplings and this inlaid mark-
ing on the air hose are precautions taken to prevent the use
of the shallow-water diving hose with the standard No. 1 and
No. 2 deep-sea diving outfits.

The wwooden stowage bor measures approximately 15 by 12
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radius. The top of the window is tipped slightly forward to
give the diver greater range of downward vision. Air is ad-
mitted to the helmet through a 90° elbow, turned downward
at about 30° to give a fair lead to the air hose. After the air
passes through this elbow located at the back of the helmet, it
is conducted by two 2-inch passageways opening at either side
of the window. A bronge swinging handle is secured to the
top of the helmet to facilitate bandling. An eyelet placed on
the left-hand side of the helmet provides an anchorage for se-
curing the air hose after it passes under the diver’s left arm.

Air pump.—The air pump is a two-cylinder, single-action, man-
ually-operated pump that weighs approximately 62 pounds, The
cylinders, base, and handle pivot are made of a single bronge
casting.

The cylinder block is secured to a plank that is 12 inches in
width and of sufficient length to extend approximately 12 fuches
on either side of the block. This plank extension provides the
operator with standing footroom when operating the pump, there-
by steadying it The Inside diameter of each cylinder is 3.625
inches. .

The pistons are 0.75 inch thick, and are 0.0625 inch smaller in
diameter than the bore of the cylinders. They have a stroke of
3.5 inches, and a theoretical delivery per stroke of 72.84 cubic
inches. The waste room is approximately 0.4 inch. Each pis-
ton is rigidly connected to its respective cast-bronze piston rod,
and has cut in it a single annular groove 0.56626 inch deep. This
groove is flat on the pressure side and is curved on the opposite
face. Eleven 0.228-inch diameter holes are drilled on the pres-
sure side to meet the base of the groove. Into the groove is
placed an oil-saturated leather ring that stretches over the face
of the piston and settles into the groove. The shape of the
groove prevents the ring from reaching the bottom of the groove.
The thickness of the leather ring is slightly less than the width
of the groove. Oil ports are provided for oiling the piston
leathers.

From the foregoing, it will be noted that the piston ring is
itlso the inlet valve. The valve chamber is cast integral with
each cylinder head. On the intake stroke, air is drawn from
the rear of the piston, past the leather ring that is forced against
the flat wall of the groove, and through the passageway left
to the rear of the leather ring, under it, out through the 11 holes,
and into the cylinder. On the reverse stroke, the leather ring
clamps tightly against the curved rear face of the ring groove,
and forces the air through the check valve placed in close prox-
imity to the end of the cylinder. The air is then delivered
through the respective outlet valve into the section of brass pipe
that connects the outlets with a T casting. This T casting has
two openings: One for the air-hose connection, and the other
for the pressure-gage connection. The pressure gage when in
position is set at an angle so it may be read easily by the pump
man.

The piston rod is 1.5 inches in dinmeter, is cored for lightness,
and is milled at its center to receive the forked end of the
rocker arm. This rod runs in an ample bearing that is cast In-
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tegral with the cylinder block, and bored at the same setting to
assure perfect alinement. Qil passages are provided for oiling
the piston rod bearings.

The manganese bronze rocker arm is pivoted on a 0.625-inch
pin anchored in the cylinder block casting. This rocker arm
operates the rigid unit composed of the two pistons and the con-
necting piston rods, and has an upward extension provided with
a 0.75-inch cast key. This extension fits the lower section of
the malleable iron operating rod. The two sections of the op-
erating rod are similarly keyed and are held together by two
bolts.

An 8inch wooden cross handle is fitted at the top of the upper
section of the operating rod. The length of the assembled handle
from its pivot is 3 feet 5 inches.

Air hose and chest.—The air hose, hose connections, and the
storage chest for the Morse apparatus are similar to those de-
scribed in the foregoing as forming a part of the Miller-Dunn type
of apparatus.

The Ohio Rubber Co. type shallow water diving outfit is shown
on plate T7A.

Face mask.—The face mask (part 1) is a molded rubber face-
piece secured to the face with rubber straps. These straps are
secured together with a buckle at the rear. The eyepieces are
of tempered glass. A “demand” type breathing valve is secured
to the front of the mask, about the level of the chin and is so
designed that with a constant air supply of 90 pounds pressure
this valve will open only when the diver inhales. On exhalation,
the valve remains closed. The valve is also provided with a
push button valve which if pushed will open the demand valve
thereby furnishing an easy and quick means of obtaining an
nccess of air in the mask. The air supply line (part 2) is
connected to the demand valve. A bypass valve is provided
by which the diver may receive a continuous flow of air as in
any other diving outfit. The mask however can be used without
the demand type valve by connecting the air hose direct to the
air fitting on the mask. When so connected exhaust air escapes
around the edge of the mask. In order to preveut the diver's face
from belng squeezed in the event that the air hose becomes severed,
a safety nonreturn valve is placed in the line between the demand
valve and the hose coupling.

Volume tank.—Due to the small air capacity of the face-piece,
it is necessary to include a one-half cubic foot capacity or larger
volume tank (part 3) in the air supply line to eliminate the
variable pump stroke pressures delivered by the shallow-water
diving pump. The volume tank is not required when using com-
pressed air from a source having a continuously steady flow or
when using oxygen from a cylinder.

Pump.—The air pump (part 5) is similar to that used with the
Miller-Dunn or Morse type shallow water diving outfits described
above.

Air hose.—The air hose is 5/16-inch inside diameter rub-
her hose of the type used with oxy-hydrogen under-water cutting
outfits.
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CHAPTER VI

CARE, SURVEY, AND REQUISITIONING OF
DIVING GEAR

Every effort shall be made to preserve the fine appearance of
diving apparatus, to keep it in good repair and ready for im-
mediate use. With this end in view, the instructions contained
in this chapter shall be carried out in detail.

Diving apparatus shall be maintained ready for immediate use.
It should not be stowed in compartments below the water line
or in places difficult of access in time of emergency.

All chests of diving apparatus shall, when sufficient space is
available, be kept habitually stowed under cover, away from
steam pipes and excessive heat. When it is neccssary to keep
them in the open, and exposed to the weather, suitable canvas
covers shall be provided aud used to protect the outfit.

Spare parts of diving apparatus not required for immediate
use shall be kept in suitable storeroom, and when drawn for
use shall be replaced by new parts at the earliest opportunity.

Unless properly cared for, leather articles used in water will
soon become dry and hard and liable to crack. Finished leather
contains a certain amount of oil and grease, and when this is
washed out, the leather loses its flexible quality and will soon
show signs of deterioration. Occasionally the leather parts of
diving apparatus should be given a coat of neat's-foot oil well
rubbed in, so that the articles will not be disagreeable to handle.
To treat leather praperly with neat's-foot oil, place the article
to be treated flat if possible. Then soak a rag in oil and apply
one coat of oil at a time until the oil soaks through on the other
side. Do not attempt to apply the oil from both sides at once
and do not submerge the article to be treated in the oil.

All metal parts of diving apparatus should be kept free of rust
or verdigris, in efficient working order, and protected from in-
jury. Special precautions are to be taken with valves, valve
seats, and like parts. Parts not kept painted, polished, or gal-
vanized should be kept lightly coated with oil.

Ax oil or grease is specially destructive to rubber, parts of
diving apparatus composed of rubber must bhe protected from
oil or grease in any form. Diving dresses, and other parts con-
sisting of rubber with cloth coverings or cloth insertions, shall
not be put away while damp or wet. Rubber materials, when
folded, acquire a permanent set at the bends, and later, when
used, are apt to crack open or break at these points. Such ma-
terials should as far as practicable be stowed without folding.
The instructions for making repairs to diving dresses also apply
to other rubber or rubberized materinls.
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The longevity of rubber is limited by the characteristics in-

herent to material of this nature. In using rubber parts of div-
ing apparatus, preference should be given to those of the oldest
date of manufacture so far as it is practicable to do so without
Jeopardy. For example, hose, so far as concerns its use as div-
ing air hose, has a stipulated life limitation. The entire amount
of diving air hose furnished with diving outfits is seldom re-
quired for an individual routine diving operation. Consequently
when new hose is obtained to complete a diving outfit, this
new hose should not be put into use until the old hose has
reached its age limitation or has become unservlceable for
farther use.

The outfit and helmet chests, and pump case of the diving
outfit shall be kept clean inside and out. They shall be finished
in the natural color of the wood, and coated with clear spar
varnish. All exterior brass work shall be kept clean and pol-
ished. All exterior iron work shall be kept free of rust and
black enameled.

On vessels where suitable lockers in appropriate locations are
provided for stowing the diving apparatus, and the hardwood
chests ordinarily supplied are not required for their original
purpose, the chests should be turned into store,

All cotton and woolen goods should be kept clean and dry and
in repair. When not in use, they should be stowed with a
larvicide such as naphthalene and kept tightly wrapped in
paper. Dirty woolens should be washed with soap and tepid
fresh water, thoroughly rinsed of soap, and carefully dried.

Upon receipt of diving outfits, in whole or in part, the gear
shall be carefully inspected, tested, and made ready for im-
mediate use in every detail. It shall thereafter be maintained
in the best possible state of efficiency.

When it is known that the commanding officer is about to
inspect the parts of the ship in which diving apparatus is stowed,
the apparatus shall be conveniently arranged for his inspection;
all chests shall be unlocked, the covers opened, and men stand-
. Ing by to exhibit the contents as he may require.

All diving apparatus, except spare parts, shall be inspected
once each week for cleanliness, conditions of stowage, etc. The
diving air pump shall be hove around several times; if a power
driven air pump is provided it shall be run or jacked over ; helmet
valves, faceplates, and fittings examined; telephone batteries (if
telephones are of battery type) tested; diving dresses inspected
for damage or dampness, and repaired and aired, if necessary;
dirty woolens washed and dried; oil separators cleaned, if neces-
sary, and their fliters washed in hot water and dried; diving
knives and their cases, all tools and metal fittings cleaned and
lightly oiled; 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, cleaned of grease or
dirt; the Interior of all chests cleaned of any oil, grease, or
dirt.

All diving equipment on board ship shall be closely inspected
once each month. Each outfit shall be inspected as to its com-
pleteness and serviceable condition and the satisfactory condi-
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tion and allowed quantity of spare parts assured. At this in-
spection the efficiency of the diving air pumps shall be proved
and recorded In the ship’s diving log book. On ships using
accumulators, alr banks, or other similar sources of compressed
air supply, the systems shall be checked for their efficiency and
satisfactory operation. Deficiencies shall be corrected and the
results recorded in the diving log book. Air-regulating escape
valves, air control, safety, and nonreturn valves of the diving
helmet, and all valves of the diver's air supply system shall be
tested for satisfactory operation. Recompression chamber valves
and gages shall be operated and checked for efliciency. Diving
telephone systems shall be checked and tested. Motor launches
used for diving boats should be examined to insure that means
for securing the diving air pumps are in place and in suitable
condition. Where such boats are equipped with air flasks for
use in lieu of pumps, the system should be examined to insure
that the number of flasks, piping, gages, test tank, etc., conform
with the standard arrangement shown on plate 85.

After use the diving belt should be thoroughly dried. Be
fore storing, the buckles should be cleaned and given a thin
coat of light oil. The belt and straps, if stiff, should be treated
with neat’s-foot oil. Leather, unless properly cared for, Qe
terforates rapidly and such deterioration is not always discern.
ible from visual examination. Consequently, the belt straps
including the shoulder and jock straps should be tested for
tensile strength. This may be accomplished by securing a regu-
lar diving belt buckle to the overhead, run the strap to be tested
through the buckle; then have a man of about 160 pounds
welght gradually put his entire weight on the strap. Straps
in satisfactory condition will withstand the load. In the past.
the majority of failures have occurred in the vicinity of the
hole punched in the strap for the grommets taking the bhuckle
tongue. Defective or deteriorated belts should be replaced by
requisition.

After use the diving belt should be thoroughly dried. Be-
inside, or body waste odors prevail, wash with clean water in-
side and out, turn the dress inside out and hang up in the shade
to dry. When dry, the dresses should be turned right side out,
the outside dried, repaired if necessary and the dress hung
up in the locker or diving room. If the dress has been used
in salt water, it should be washed off in fresh water. An
easy and efficlent mode of drying the diving dress is to take
two wooden battens about 8 feet long, secure them together in
the form of St. Andrews cross, place them inside the dress, and
pass another through the arms to keep them distended. The
dress is then leaned at a slight angle until it is dry. On no
account must a dress be packed away in a damp state; they
must be thoroughly dried inside and out—otherwise they will
mildew and become rotten.

When diving dresses are to be worn- for rough work, the can-
vas overalls shall be worn over them as a protection against
chafe and wear.

Repair cloth is furnished with diving outfits for patching div-
ing dresses when necessary. To patch a diving dress, the de-
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fective portions to be cemented must be thoroughly dry and
free from dirt or grease; lift the surface cloth by loosening with
benzine; then roughen the under surface rubber of the dress
with sandpaper or emery paper; apply three coats of rubber
cement preferably with a small clean paint brush, each coat
being allowed to dry 45 minutes. Prepare the patch by cutting
a piece of the repair cloth about one inch larger on all sides
than the exposed rubber surface on the dress to be patched;
remove sheeting wrapping protection cloth from the patch,
loosening 1it, if tightly adhered, with benzine; swab the exposed
surface with benzine and apply one thin coat of rubber cement
allowing same to dry for 45 minutes. Before applying the
cement the patch may be temporarily secured with tacks to a
flat board to prevent the edges from curling. Next lay the edge
of the patch on the exposed rubber cemented surface of the
dress, then gradually work the patch down onto the dress, using
the fingers so as to remove all wrinkles and air bubbles. Next
subject the repaired part to pressure either by the use of a
hand roller, rolling tool, or flatiron. 1f any part of the edge
of the patch does not appear to be adhering thoroughly and is
inclined to curl, trim the loose part with sharp scissors.

Tears in the collars of diving dresses are usually confined to
vicinity of the bolt holes. If a bolt hole becomes torn, the tear
should be sewn together with herringbone stitches, the needle
holes filled with rubber cement and allowed to dry, after which
a patch should be cemented around the damaged hole on either
side of the collars. The rubber collar is sewed onto the Inside
layer of cloth as well as being cemented in place, at the time
of manufacture of the suit. Replacement of rubber collars by
ships’ forces is not approved.

Attachment of cuffs to the diving dress is accomplished in
the manner prescribed for patching the dress, except that the
edges of the cuff are recemented if necessary and a thin strip
of repair cloth is cemented on over the joint formed at the end
of the sleeve and the edge of the cuff.

To attach gloves to the dress: First, remove the rubber cufls;
next, with the sleeve plugs (pl. 80) in place, clean and prepare
as described for patching under dress repair, about 2 or 3 inches
of the end of each sleeve. The wrist of each new glove is cut
off as follows: 1 inch for No. 3 dress, 2 inches for No. 2 dress,
and 3 inches for No. 1 dress. Two or three inches of the gaunt-
let part of each glove is turned back, roughened, cleaned, ce-
mented, and stretched over the small end of the sleeve plung,
up to the edge of the respective sleeve and with the thumb ot
the glove on a line with the top or outside seam of the diving
dress sleeve. Prepare the surface turned back on the gloves and
the sleeves at the same time, and when both surfaces are ready,
roll the turned back part of the gloves in place over the pre-
pared sleeve surfaces. After 48 hours has lapsed, strips of
patching cloth about 214 inches wide are cut, prepared as for
patehing, and fitted without wrinkles over the joint of the glove
and dress so that the ends of the strip will overlap each other
about 2 inches. After the lapse of another 48 hours, the sleeves
are turned inside out, and in the same manner, cover the inside
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plove dress joints. Unless emergency requires it, do not ume
the dress for another 48 hours.

To repair a glove: First, remove the worn fabric from the
glove, and prepare the exposed rubber in the same manner as
described for dress repair. Cut patches for the glove ac-
cording to the patterns shown on plates Nos. 78 to 81 as neces-
sary. Prepare the patches and rubber surface of the glove at
the same time. When both are ready, have an assistant put
on the glove and half close his hand to conform to the naturai
molded curvature of the glove. The thumb patches are then
applied, care being taken to smooth out all wrinkles. ’alm
patches, if necegsary, are next applied, and the wrinkles smoothed
out along the entire surface of the patch. Clip off rough edges
of the -patches and remove glove. The glove should be allowed
to set at least 48 to 72 hours before using.

The helmets shall be kept habitually screwed onto their re-
spective breastplates, and the wing nuts lightly screwed onto the
studs to prevent damage to the threads. The blank cap should also
be screwed on the telephone gooseneck.

When in the diving boat and not actually in use, the helmets
should be placed right side up on the helmet rack to keep them
from being knocked around and to protect the internal tele-
phone units from dampness.

Before being stowed away in their chests or in the diving ap-
paratus room, the helmets should be wiped over inside and out
with a dry cloth to prevent an accumulation of moisture from
rusting the diaphragms of the telephone units. Neglect of this
precaution soon renders a diving telephone system useless.

The lens of faceplates should be checked to see that it is
firmly imbedded in its red lead and litharge seat, and that the
lens is not cracked.

Examine the faceplate hinges, hinge pins, rubber gasket, and
knife edge for defects. If the seat for the wing nut on the
front faceplate is not countersunk, bave it so modified before
the helmet is used.

Check the spit cock to insure that Its valve functioning parts
are sufficiently tight to prevent accidental opening of the valve.
Insure its stop pin being in place and the air duct clear when
the valve is open.

Inspect gooseneck washers and see that the telephone con-
nections are made up watertight.

Examine the helmet lock and its stopgap for defects.

See that the neck-flunge gasket of the breastplate seats Is
even all around, and sce that it is treated with neat's-foot oil
occasionally.

See that the screw threads of the bayonet joint are free of
burrs and other defects.

Inspect the breastplate studs for defects and tightness and see
that the nuts turn freely on them. Special care should be ex-
ercised to see that the breastplate straps do not become bent
or injured, thus saving an endless amount of trouble in mak-
ing a tight jJoint at the junction of the diving dress and breast-
plate.
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See that the lanyards are in good condition.

See that all metal parts are free from verdigris and corro-
ston.

If necessary to use oil for cleaning purposes, the oil should
be removed and the surfaces rubbed with clean rag.

If, as a result of wear, a helmet when screwed onto its breast-
plate will go so far round to the right that the safety locking
catch at the back is past its recess, and the faceplate is not
directly in front of the diver's face, one or more paper washers
should be cut and inserted under the neck-flange gasket on the
breastplate or a new gasket should be fitted.

The helmet valves and fittings must frequently be overhauled
and the parts of valves lightly oiled. The proper functioning of
the safety (nonreturn) valve is most important and it shall always
be carefully tested before a diver is permitted to descend. It
should be examined frequently by disassembling it and removing
all verdigris. The leather valve disk should be inspected for wear
or tear, cleaned, and given a coating of neat’s-foot oil. The valve
spring and valve stem also should be given a light coat of oil.
To test the valve after assembly screw it in the reverse manner
onto the end of a length of air hose, attach the hose to a diving
pump and pump air into the hose. Immerse the valve in water,
and note if any bubbles of air issue from the valve. If none ap-
pear, the valve is tight; if not tight, a new valve leather or spring,
or both, should be installed and the test repeated. When screwed
in place on the air connection of the helmet, the valve should be
tried to see that it works freely and seats smartly upon release of
pressure. Verdigris sometimes causes the valve to be sluggish in
its action, the spring may be weak, or the follower nut may not be
screwed all the way down. The inside diameter of the gasket be-
tween the valve and gooseneck should be checked, as it is possible,
by setting up tight on the valve, to spread the gasket so that its
edge is forced into the air passage, thereby greatly restricting
the flow of air to the diver. If these precautions are care-
fully observed, the safety valve can be absolutely depended upon
in an emergency; if neglected, the safety valve may fail at a
critical time with disastrous results.

The air regulating exhaust valve should frequently be in-
spected to insure that it is clean and lightly oiled, that the ex-
haust tube is clean, and that the valve seat is tight. The sec-
ondary spring should open when the pressure on the seat exceeds
the outside pressure by 2 pounds. It Is extremely important
that this valve be frequently and carefully inspected. A failure
of the air regulating escape valve may result in *blowing up”
of the diver.

Before putting a pump away it should be tested and repaired
if necessary, the 