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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 History.

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 uoticeable 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 absolute 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 2.3:1. 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 standard
Navy diving gear to enable deeper diving. The value of the
findings was subsequently evidenced in the salvdge operations
of the U. S. 8. F'—4 off Honolulu, 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
issue 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 its graduates formed a nucleus
for the overseas salvage division which was established as a
unit of United States Naval 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

i
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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. St
: a3 ng Sc¢
The curriculum of the standard course at the diving school i el

includes the following :

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, Pittsburgh, Pa., to determine, in collaboration Standard course

with the Bureau of Mines, the feasibility of using oxygen-helium S
mixtures as a substitute for ordinary air in diving. Work Location required
Preliminary experiments on animals having indicated certain e
advantages in the use of this synthetic air over the air ordinarily & e ) 0 Gos
% 5 2k g | iving (up to 300 feet) - - oo . ving tanks = o oo s,
used as a diver’s supply, the experimental diving unit was sub- 1 g;eesgflvf"; aiviug, i(,‘fé’:tgsi%? ffﬁ?p"e'c_ﬁéﬁ'b}"ships’ S Y S el
sequently transferred to the Washington Navy Yard as a per- i " bottoms, inspﬁptionﬁtotf_ Sh}‘lpsx’lgggog?gv%ﬁ: :33 depth 20 feet.
L ’ 5 < , searchin ing flanges,
manent activity under the Bureau of Construction and Repair :)%g(tig;i,sunderw%ter cutting with hydrogen
to continue the oxygen-helium investigations and other develop- h = of)%if’évi’t‘&“Xi%?ﬁzaiiéﬁ?s?}fé%ecuon HE i e A SR
ment work incidental to improved diving practices and equip- " marine fittings, and air-line connections to
5 5T Y < . submarines. Searching in heavy mud and
ment. The experimental diving unit has functioned accordingly, 2 tide. Yoot
Up to the present time. Such methods prescribed in this edition ] 4. gggg;ggg;gg’;gliggg%’;ggi?c'*;’gfcﬁ;’,g_e_"f‘_’f‘f’_‘f;:: L
as depart from past practices, and new diving and salvage equip- < Underwatel;i Weliiépg (electric torch) - 206’3}"8'
5 2% 355 2 and welding._..__._.....
ment shown are, in the majority of cases, the results of findings g 3: gggﬁ:ﬁne “lung” t;g‘aini;::lg.-t-.' J 3,‘123?2
c : Avri : o breathing apparatus training__ y
of Fhe expgr:mental diving unit, the diving school, or the ex- g: ﬁfiﬁ,‘t‘i,my b e TR
perience gained from past submarine salvage operations. i lowing S“bjgc“: nd treatment
s 4 B Yai isease—cause a; T
Diving 8chool. Diving is arduous and hazardous work and the art can be 4 ?[3 ggl::x?; of welding. Elementary electric
mastered only by training. The ratings in the United States ! © oo upkeep of suits, helmets, and
Navy are (1) master diver; (2) diver, first class: alva attachments. g
‘ . ¥ salvage Divi umps; care, upkeep, practical
diver; (4) diver, second class. Master divers and divers, first @ :;Y)rggpult)ation ‘of diver’s air supply and
class, are qualified at the Deep Sea Diving School. Salvage divers PP e LB e U e
are trained and qualified at the Navy Salvage Training and types, "llémeﬁlpmy eﬂﬁ:%rlyv:éuﬁir;c%thfé
i Y . i o i tical work in over , vact
valilng School, New York City. Divers, second class, are qualified g;x?gliﬂcation of g)rimar}";'cuicmt.k
within the flee inari i v ) Velocity power tools, practical work.
: t, ord narlhly on board the submarine rescue ves- g) Bureau of Ships Diving Manual,
sels. Qualified master divers and divers, first class, are trained (h) Salvage methodsand equipment (lectures).
and permitted t i 2, (i) Oxygen rescue breathing apparatus; care
4 bermitted to dive to depths down to 300 feet. Divers, sec- and maintenance. R
ond class, are prohibited from diving to depths in excess of 150 @ Sua‘;'gag:fnis,‘;:?f’ce“ppm“‘S gk i

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
pernit 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.
g‘:ﬂﬁg.schw' The faculty 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 officers qualified as master
divers, two chief betty officers 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.
g;;‘i’b‘i‘e sS.clwol El.igibles 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 having previous experience in are welding. Prior to ac-
ceptance, each candidate must have passed the rigid physical
examination outlined in chapter II. A special course for medical

Some of the operations and work engaged in by students of i
the diving school are shown in plates 2 to 5, inclusive.
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DEVELOPMENT OF DIVING

PLATE 2—FIGURE 1.—Diver entering diving water tank, diving school.

W,J : 1 4

PraTe 2—FI1GURE 2.—Diver in water diving tank sawing through a section of steel piping.
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PLATE 3—FI1GURE 1.—Lecture on circuits of various above-
water and under-water electrical tools and equipment.

|

PLATE 3—FIGURE 2.—Dressing student diver preparatory
to descent in river.

PLaTE 3—FIGURE 3.—Student diver descending in river

from diving-school boat Crilley.

03 L (T, o N e S i

DEVELOPMENT OF DIVING

PLATE 4—FI1GURE 2.—Diving school recompression chamber—

1.—Diving school—Diving water tank—

FIGURE

4
Observing the diver in tank and regulating the pressure

to correspond with water pressures at desired depths.

PLATE

Recompressing and decompressing the diver.
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PLATE 5—FIGURE 1.—Training in above-water burning as a
prelude to under-water cutting.

PLATE 5—FIGURE 3. Sample of flanges fitted under water
by student divers.

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-
cial tools, air banks, air compressors, and a diving boat. The
latter is used jointly 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 hateh, 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.

646428—45 2

Diving School
and Experi-
mental Diving
Unit facilities.
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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 must be temperate and possess the physical qualifica-
tions necessary to meet the standards required.

2. He must demonstrate his ability 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 submarine 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 be 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. TFurther, 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

PHYSICAL QUALIFICATIONS OF DIVERS

weight for weight about 70 percent more nitrogeu 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) Height (inches) Weight

140
145

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. HEx-
perience has been indicative that there is a relationship between

11
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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 com-
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. z

Candidates should be capable of holding the breath after full
expiration and inspiration, 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
on 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—70+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 tendencs;
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
}wt 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 fron;
b?dily disease. One of the most important of the disqualifying
diseases is middle ear disease. 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
both 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 conditions 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 inflammatory 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 tonsilitis, chronic sore thoat, frequent 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:

1. Syphilis.

2. Asthma.

3. Persistent high pulse rate.

4. Psychoneurosis.

5. Repeated attacks of sinusitis, etc.

6. Chronic gastrointestinal disturbances.

Qualified divers shall be reexamined periodically in order to
detect any disqualifying defects 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 should be recorded in the diving log and the medical
officer should 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 inféction. 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.

Reexamination
prior
to dive.
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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 opinion
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 ecardiovascular, respiratory,
gastrointestinal, or genitourinary systems, and of the ear; and
his ability to equalize pressure must be maintained. A slight
de_gree 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 sufficient 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 suffice, it is best to prohibit liberty in individual
cases the day preceding the dive.

lf‘ the number of divers permits, division into three groups is
advxsa].o]e, 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 procedm',e 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.

i

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 it
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 hose.

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 eertain 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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piston leathers.

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 I4-inch waterproofed, double-backed, chrome tanned
leather. The lead weights are secured to the belt with 1%- by 2-
inch countersunk serews, 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), figure 8, is made
of 27-gage tin. Al Jjoints, 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 414 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. Rach box should contain two piston cup leathers
and three leather piston washers.
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PLATE
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7.—Diver partly dressed—Front view.

DESCRIPTION OF NAVY STANDARD DIVING

PLATE 8.—Diver partly dressed—Back view.

GEAR
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PrLATE 10.—Tool bag.

The spare parts box, (pl. 12) figure 2, is made of 27-gage tin  Box, spare
soldered along the bottom and sides to prevent leakage of oil R
that may drain from the spare parts. The box is circular and is
3 inches high by 334 inches in diameter.

PLATE 12.—DBoxes, tin, for piston leathers and for spare parts.

This box contains the following spare parts of diving equip-
ment: 4 pump valves ; 12 hose washers; 4 suction valve gaskets;
2 outlet valve gaskets; 4 suction valve cap gaskets; 4 valve stem
washers; 2 bedplate nuts; 2 outlet valve cap gaskets. It

The cork buoys furnished with diving outfits are of the best  Buoys. :
quality sheet cork and are either pyramidal in shape, as shown
on plate 13, or oval. They are made of one or more pieces of
cork secured by a l4-inch diameter galvanized-iron through bolt
fitted at each end with a galvanized washer. KEach end of the

'
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LATE 9.—Diver partly dressed—Showing underwear.
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through bolt terminates in an eye of l-inch inside diameter.
One eye is swiveled. The buoy has an initial buoyaney in salt
water of approximately 20 pounds. The oval buoy is approxi-
mately 715 inches in diameter at its midsection. Its length be-
?Ween washers is approximately 16 inches. The pyramidal buoy
is approximately 16 inches long, 8 inches thick at its midsection,
and 5% inches square at its ends. ’

PrLATE 13.—Buoys, cork.
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the stresses imposed on them under some conditions attendant
on salvage operations. The copper conductors have a tendency
tg 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.
exhausted, its issue will be discontinued.

During the salvage operations of the U. S. 8. 8-} 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
gpirally 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. S. S. 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 is 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. S. S. S—4 salvage operations there was
developed a diving telephone cable of an overall diameter of
5 inch having a breaking strength of approximately 3,000
pounds. The cable is somewhat similar in construction to the
Ts-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 lieu 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 74-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 ¥4-inch
beading. Inside measurements of the helmet chest are approxi-
mately 40 by 20 inches with a depth of 2114 inches and it is
divided equally into two compartments. The inside measure-
ments of the outfit chest are 4414 by 17%4 inches with a depth
of 17% 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

646428-—45 3

When present stocks of this type cable are
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Inside view.

Prare 15.—Diving outfit chest
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PLATE 17 —Helmet chest—

PLATE 18 —Helmet chest—Front view,
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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 a 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.

Elastic 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 134 inches in 114 inches.
At the diver’s wrist where the wristband terminates, the cuffs
are reinforced with a flattened ridge of rubber approximately
36 inch thick and 14 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, ete. 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 fit divers

Diving dress.

Cuffs.
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PrLATE 19.
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5 feet 7 inches to 5 feet 9 inches tall. The No. 2 dress is de-
signed to fit divers 5 feet 9 inches to 5 feet 11 inches tall. The
No. 38 dress is for divers 5 feet 11 inches to 6 feet 2 inches tall.
Diving dresses have the following measurements :

I No. 1 , No.2 | No.3
- |
Front center seam—from center of the center hole in the

collar fo'the'crotehigeam o .tih. ~ o & =0 oo a S 25%4 2734 3334
Back center seam—{rom center of back hole to center seam |

OLCTOLCR T M S5 Do e e T Ll i I R | 2834 3234 3634
Leg seam—from heel {o center croteh. ... ... . ... .. ! 32 33 34
Arm seam—from seam under armpit to edge of cuff (upper !

b e S A T e S 156 1614 1736
Sleeve shoulder measurement (hBlved) e £ TTY 1wl Wi 11 11 11
Measurement around body at point halfway between chest

measurement and 12 inches above croteh. . 48 48 48
Chest measurement at base of armhole.__ _ 54 54 54

o et LR ey I S e s ety (U5 O

In working around wreckage or in extended diving operations
overall trousers shown on (pl. 74) and desecribed at the end of
this chapter are worn over the diver dress to protect the dress
from chafe and wear,

—Helme‘t cushion, cuff expanders, rubber tubing, 2nd rubber wrist bands.

DESCRIPTION OF NAVY STANDARD DIVING GEAR

i — iew.
PLaTE 20.—Standard diving dress, with cuffs attached—Front vi
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Two pressure gages of the type shown on plate 60 (Fig. 7) are
installed on all diving air pumps of deep-diving outfits, When
the pumps are operated, these gages record both the pressure of
air being delivered and the corresponding depth of water when
the diver’s air-control valve is open.

Gloves of the type shown on plate 23 were designed for the
use of divers and divers’ tenders. They are made of rubber,
molded to shape, and reinforced with heavy cloth in the palm
extending to the wrist joint. The glove has twd fingers and a
thumb which are also reinforced with the same cloth material
extending well over the tops. The gloves are molded so that
the fingers are permanently curved as in g half-closed hand,
thus eliminating strain on the fingers, which would otherwise
occur when the diver is performing work requiring nse of his

PraTEe 21.—Standard cuffs for Na vy diving dress.

hands. The palm of the glove is shaped so that it still conforms
to the shape of the diver's palm when the hand is closed. The
glove is made in one size only but is large enough to be worn
over a woolen glove. It fits the diver’s wrist snugly. At a
location of about 2 inches on the forearm the glove-wrist is
not more than 3% inches nor less than 3% inches wide. Tt
then tapers to 7% inches in a length of 7 incheg and terminates
in a band which ig reinforced outside with drill. The gloves
should pe attached to the dress and used when diving in cold
water and when operating the electric underwater cutting or
welding torch. The arms of the dress with the gloves attached
are not adjustable and because of this, some divers have difficulty
keeping the hands all the way in the gloves. In order to overcome
this condition, wrist straps made of chrome tanned leather are
furnished,

Woolen gloves are provided for use under the combination
diver’s and tender’s rubber glove described in the foregoing, in
cold-water work. They are dark blue in color and are made in
accordance with the latest issue of Navy Department specifica-
tions for ordinary woolen gloves. Dark colors are preferable
when the woolen gloves are worn without the rubber gloves.

N /IN EAR
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LATE 22.—Standar iving dress, wl ove ached—Front view
S th g s a
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Prare 23.—Standard divers’ and tenders

" glove.

The diving helmet (pl. 24)
for deep diving is designated

adopted as standard for the Navy
L” It consists of a tinn

as “Diving helmet—NMark V, Mod.

ed copper spherica] helmet, whieh in-
closes the diver's head, and a breastplate. The fittings are of

gun metal. The connection between the helmet and breastplate
is made by an interrupted screw joint. A leather gasket fitted
in a recessed gasket seat on the breastplate insures a watertight
joint when the helmet is attached. When secrewed in place on
the breastplate, a safety catch, located on the back of the hel-
met, is turned down into a recess cut into the neck
the breastplate to prevent the helmet being
To prevent the safety catch from acec
the recess by gravity or otherwise,
which in its locked position close
and dimensgions of the ¢l
is shaped to conform w
flange. It ig hinged at

flange of
accidentally detached.
identally dropping out of
there is provided a clamp
S the gap in the recess.
amp are shown on plate 25,
ith the cury

Design
This clamp
ature of the breastplate neck

one end to the neck flange of the breast-
plate and locked at the other end to the flange with a ¥g-inch

Split pin through a smaii hole drilled through the flange. Manu-
facture ang installation of the clamp ig considered to be within the
capacity of ships’ forces and if diving helmets on board are not

already so fitted, the clamp should be made and installed before
the diving helmet is used.

ESCRIPTION OF NAVY STANDARD DIVING GEAR
DES

<V —Side view.
PLATE 24A—Diving helmet, Mark V, Mod. I ide vie

N . I—Front view.
PraTn 24 —Diving helmet, Mark V, Mod
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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 througn
two lugs on the faceplate. The wing nut of the bolt when
screwed down fits into g countersunk recess in the two lugs of
the faceplate, thereby breventing 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 brotected 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 valye
(pl. 26) ig 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 broper functioning of the safety or nonreturn
valve is of utmost importance. Its burpose is to prevent the
diver from being injureq 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 aijr pressure in the hoge would
fal] suddenly and if there were no safety valye 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 ang dress would become less than the ex-
ternal sater 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 hig helmet in the same man-
ner as a cork is forced into any empty bottle when lowered
into deep water. Even g slight excesg bressure under these
conditions hag been known to be instantly fatal to the diver.,

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

An air-regulatmg exhaust valye is fitted below the window

channel, so that the point of exhaust is toward the rear of the
helmet. Thig Dosition of the exhaust prevents air bubbles from

AR
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passing in front of the face plate and obstructing the diver's
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i[,',;;l:til:;gl;zi;?feihs mﬂ.jltion of his dress. If the danger of over-
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The air-regulating escape valve at present used by the Navy
was adopted as standard in 1931. It was designed to overcome
the difficulties described above and as constructed the objection-
able features of previous type valves have been eliminated. The
valve with its constituent parts is shown on plate 27. A descrip-
tion of it follows:

The internal pressure in a diver's dress is normally about %2
pound per square inch in excess of the external water pressure.
The valve is closed against this 74 pound air pressure by a light
spring (X). The outer end of this spring bears against the
follower disk (N) which fits into the end of a secondary spring
(0). This secondary spring is designed and constructed to main-
tain a differential tension of 2 pounds per square inch when
the valve is fully closed, a condition which exists when the
regulating screw is screwed in until the follower disk (N) bears

F
f

I 2 3 4

PrLATE 26.—Helmet, nonreturn air valve.

directly against the valve stem adjusting sleeve setscrew (M).
The valve stem adjusting sleeve (J) permits the length of the
valve stem to be adjusted as desired, so that the exhaust valve
may be fitted to any helmet in service, regardless of variations
in dimensions that may exist. The sleeve (J) screws on the
valve stem (B) and its longitudinal travel in either direction
gives the desired setting for length. When the proper setting
is obtained, the sleeve is locked in place by the setscrew (M)
which screws into a threaded hole in the end of the valve stem.
When installing the valve in the helmet, the length of the valve
stem should be adjusted so that the disk follower disk (N)

ntact with the setscrew (M) when the adjusting

comes in co
the fully-closed

wheel (G) is about one-eighth of a turn short of

position.
When the valve is fully opened, the shoulder on the underside

of the chin button (A) strikes against the valve stem guide and

thus prevent:
Passage with consequent restriction of air flow.

s the chin button from partly closing off the air
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The regulating - i i
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the suit, which is more than sufficient to give the diver any

puoyancy required in service. At the same time, no matter what

the setting of the regulating screw may be, it is always possible
to obtain immediately the full opening of the valve by depressing |
the chin button (A), for after the ¥4-pound spring is compressed
until the setscrew (M) brings up against the follower disk
(N), the longitudinal motion of the valve stem may be continued
to the maximum degree of travel by compressing the 2-pound

spring (O).

e
2 D

PLAaTE 27—A.—Helmet, air-regulating escape valve, disassembled.

All parts of the valve are made of corrosion-resisting mate-
rial. Parts (A), (B), (H), and (J) are Monel metal. Part
(N) is of Tobin bronze and parts (D), (B), (F), (G), and (L)
are of naval bronze. The springs (K) and (O) are of phosphor
bronze.

All diving helmets in service are supposed to be equipped with
the standard valve described above, and the initial quantity of
valves obtained and issued was sufficient for this purpose. In
the old-type valves previously used the bottom of the regulating
screw came in direct contact with the end of the valve stem and
consequently the extent to which the valve could be opened
was limited by the setting of the regulating screw. These old-

$46428—45——4
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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 boss on the diving helmet,
the groove to be cut as deeply as the tool permits.

3. Thoroughly clean out shavings.

4. Pieces (G), )5 -(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),
(I), 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), (B), (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
feats in valve housing (Q).

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 Piece (E), insert spring (K) and reassemble,

New diving helmets when pburchased will have the air-regulat-
ing escape valye boss grooved ag 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
burpose one of the necessary grooving tools, There are only four
of these tools at Dresent available in service and the limited num-
ber necessitates their being used alternately by ships. The tool
is shown on plate 28 ang its method of use is ag 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 (B) does not bind on valve seat. Re-
lease thrust nut (D) farther if necessary.

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

6. Release thrust nut (D) 3 notches to obt
7. Replace lock screw (C).

8. Screw feeding whee] (B) in until tool starts cutting ; turn-

ain proper clearance.

DESCRIPTION OF NAVY STANDARD DIVING GEAR

i as tool
10. Repeat operation until tool cuts groove as deeply U
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stalling safety air-escape valve.

: . . ir-regulati
PraTp 28.—Grooving tool for installing air-regulati
LATE 28.
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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 eight
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 Those, plate 29, is of a sinking type, having an
internal nominal diameter of one-half inch and external diameter
of 1% inches, with a permissible manufacturing tolerance of
plus or minus 182 inch. It consists of a vulcanized rubber tube
reinforced by three plies of braided cotton reenforcement laid on
the bias to brevent the hose from wriggling, twisting, or turning,
while under pressure. The reenforcement is well embedded in
a rubber compound to brotect 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 ¢ 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 ber square inch, respectively. Diving hose when
manufactured ig required to withstand working pressure of 500
pounds and g bursting pressure of 2,000 pounds. In addition,
representative samples are required to withstand a hydrostatie
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 ig 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 anqg dimensions shown on plate

DESCRIPTION OF NAVY STANDARD DIVING GEAR

30. In fitting the couplings on the hose, three clzunp's zu'fe slippeg
ov.er the end of the hose; then the shank of a cc?ul?hng is coate.
with rubber cement and forced into the bore until its shoulder is

against the end of the hose.

The hose clamps are next placed

into position, a small thin copper washer being placed under each

" serew hole to prevent the clamp screws from cutting into the

rubber cover of the hose; then the first clamp is set into the Ylse;
Serewing up on the vise compresses the clamp and thus brings
t-3

the screw holes in line.

The clamp screw is then screwed in

e
place and the operation repeated on the next clamp. As th

B
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PraTe 29.—Diving air hose.
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; 1t should a

i uences that would resu

in view of the serious conseq A : (s
coupling pull out of the hose when a du;ferﬂlls uhndsir C‘Z)igfng A
joi le parts o e ho

oints between male and fema :
Ll:de watertight by means of leather washers. Double mavllee;nici
fe;nflle standard air-hose couplings are pr:owded for use “1t]ema_
is desired to make a special connection, i. e., when tt.he jus

i le connections are not continu .
tions of male and fema : e

xDiving air-hose reducers (adapters) are- shovwn“(’)lr:! gl:).(;etype
The reducers are furnished in two sizes; viz., t,\.pe e
“S” The type “T” reducer has one end cut with a su

i le
male thread and the opposite end with a Navy s;andar;tlllem;J A
torpedo-air-pipe thread. The type “S” reducers have

Hose, air,
reducers.
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threaded with a submarine male thread and the opposite end
threaded with a United States standard iron-pipe-size thread.
The type “T” reducers are used for connecting diver's air hose
to torpedo charging lines when torpedo charging air is used for
the diver’s air supply. The type “S” reducers are used for con-
necting diving air hose to the low-pressure air line on sub-
marines, should it be necessary to utilize the air system on such
vessels for diving air.

The latest type of diving knife is shown on plate 33. The
blade is made of cutlery grade corrosion-resisting steel, bayonet
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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 bottom of the sheath is drilled with a
1-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 ineh wide by 24 inches long and 532 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 Ladder, diving.
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- Lights, diving
duced vision under water, which may range from 0 to 50 3ndunder-water
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 illumdination 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 folows:

PrATE 33.—Diver'g knife,
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Preliminary 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
number 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. Mo insure that the diver’s
findings were actually physical and not psychological, a corroded
steel plate with holes punched in it and nuts and bolts attached
was submerged in the tank in such a position as to be visible
through an observation port. The plate was then illuminated by
4 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
illumination 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 filled 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

DESCRIPTION OF NAVY STANDARD DIVING GEAR 53

PrATE 37.—Under-water visibility.

Under-water visibility.
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stood ou't quite clearly. Plate 89 shows the plate when illumi-
nateq with the same 250-watt “Photoflood” lamp No. 1 with g
tCommg Noviol” shade C (lemon yellow) filter interposed be-
v‘vseenbthe lamp and the plate. Again the mass of Scattered light
'as absent and the details of the plate ar
el P appeared to become more
Plates 40, 41, and 42 were taken with the Submerged plate illumi-
nat‘ed by the clear bulb “Photoflood” No. 1 lamp placed in the
cailsmg of a Navy standard diving lamp and the optical filter
pfaced befox:e the lens of the camera. Plate 40 shows the effect
ol :he Corm‘ng “Noviol” shade C, plate 41, Corning No. 246, and
goal;inflz P:;Rﬁlte; made of reddish amber-colored glass known as
‘ning red. Visual observation and i i
1 e & g photographic exami-
g;tzl({n md‘lcated that from an optical standpoint it makes no
lilerence in the results, whether the filter is placed in front of
the lamp or held before the eye.
frofl’lljaii 43 shows the. submerged plate when it was moved back
S5 253 g(z:;tt tlo a dls]tance of 60 inches and illuminated by the
-We amp placed 50 inches from it Th
: : A e water con-
trﬁ;nzqvconsmerable Suspended matter, due to the activities :f
1vers working in the tank The silt
1 ank. 7as allowed to set
until a constant condition idi i gt
& of turbidity was rea *hed
photograph was taken Wh it e. iy
& i en the plate was bserv
the port illuminated b Pl b
i y the clear lamp, the secatter i
So intense that the eye was blind : S
to such an extent 1 i
of the plate were quite indisti iy P
. nct. Three filters 4 i
“Noviol” shade C Cornin e
] g F g No. 246, and Cornine HR r
In turn placed before the divi = i
ng lamp. In each cas tl i
scattered light became much 1 s g
€ €SS pronounced and the detai
the plates became more disti i L Fics
t istinguishable, althoust B
less so than when the Frit o b e
plate was 30 inches fr
7 ; : om the port. Plate
lams;)o::i i(t:l]le IIl)lzéte when illuminated by radiation from the clear
1 had passed through the “Noviol” .
With this illumination th . gl iy
iy € nuts and bolt heads were more clearly
Plat 5
illuminea tt::] sh(?xvs the appearance of the Submerged plate when
vy with a l.nrge General Electrice sodium vapor lam
s In a watertight casing. To the eye the plate and iti‘)
o OSS:;‘e;e very clearly. visible and the Scattered light between
il Shr and the object did not appear to be very intense
Ows the submerged plate again illuminated with thé

radiation from the sogi :
um 1 i y X
front of the camera lens. T Withen Dalue s dilier n

Plate 47 shows the submerged object g

Corning “Noviol” shade
Ows the two sources of
value, which observation is
€ 48 an Eastman K-3 filter

C. A comparison 7
illumination to beoibrz)litteif‘}iqir;? Gl
j;lappo:ted by visual trials, In plat
S 3
. ;]t :c:; ;ﬁof;‘:ntthgf the camera leng With no noticeable effect.
Mg i s éubz?erged plate illuminated by radiation
bty o ) Imercury vapor lamp enclosed in a
g. As was expected, to the eye 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 filter of
“Noviol” shade C glass, fitted in a frame, plate 25-A, which can I8
be readily attached to the faceplate of the diving helmet, has i
been adopted for use in work involving underwater cutting and
welding.

The diving light adopted for Navy use is the result of develop- Lights, diving.
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. & S. 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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PLATE ;')0;—Di\'in;.r light, Westinghouse Lamp Co. type- ~Assembleqd.

4

: ype—Disassembled.
s = 3 s Diving light, A. J. Morse & Co. type—Disas:
Prate 51.—Diving light, Westinghouse Lamp Co. o AT ey Pr—
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hef:le iampstoé’ diving lights should never be lighted in éir as the
at generated burns out the bulb fil i
Ao S ament in a few seconds.
submerged before 1i hti
should be turned off befo i i AR
re the light is hoisted
o . off ed from the water.,
o 1;1::mus::1;ie in dlfvmg z;lnd salvage operations are those extend
suriace ship to or i i ;
general, they are ag follows ; s . i
Blowi — i " i
R tow;r;ﬂi hfose. Blowing hose is used for blowing ang ventin
R rom compartments, tanks, ete,, under water Thg
s a; i used for this burpose is the 114-inch diameter. pneu(-3
0ose supplied to rescue and salvage vessels The

1)68(3€7Ld1ng ltnes.~DeS( el]dlng lllles are 1lle Ille(llll]ll by W]ll(f]l
after the Sunken vessel haS beell [l)t,‘il‘ed a line is usua y at-
y 1 i 11

in ord i
o Ol‘d?;ai'(; r((;?sil; tf‘le QeSIred point on the wreck. For descent:;
i e isgi S ViZ) fO.l‘ Searching, observationg ete th:
o o owered direct to the bottom by Sh;lC‘kliI'I, it
e ;Oloo-pound weight (pl. 75). In strong fid .
o s -pound weight not Temain on the botto 5
Standard descendrTmSt 'be g x
ey o R 1‘ng lines are made of 3-inch circumf;
i e lines are 200 feet long and are cable lzli‘;n::

carrying the cop
‘ i Der conductors for th ivi i
is Izlffpr(l).nmately % inch in diameter e i
€ line and qir hose .
; : .—The life ]j i
combination of i i Pessnalan s : :
Tk 1.si;' 11;1’; line or telephone cable angd Otslfeh(;l'e _18 th{”
B P 1;] &:g together by marline at stated liwtn s
Loweﬁng e gL and by g canvas sheath at the lovgeervaés
‘ -—Lowering j i i
S R : nes vary in gj i
orn 12-threaq material, They are tlizelilir:mn:h s
€s that are

ol 3
eving Zmes.~Reeving lines are

4-, ¢ & s . .
» and 6-inch manila, and 1.inep, the combinationg of 114, 214

Wire rope, which are passed
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through the tunnels blown under sunken vessels preparatory to
hauling 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 platform 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 :

90 feet, 3 cloth tags (blue).
100 feet, 4 cloth tags (red).
110 feet, 4 cloth tags (yellow).
120 feet, 4 cloth tags (blue).
130 feet, 5 cloth tags (red).
140 feet, 5 cloth tags (yellow).
150 feet, 5 cloth tags (blue).

10 feet, 1 cloth tag (red).

20 feet, 1 cloth tag (yellow).
30 feet, 1 cloth tag (blue).

40 feet, 2 cloth tags (red).

50 feet, 2 cloth tags (yellow).
60 feet, 2 cloth tags (blue).
70 feet, 3 cloth tags ((red).
80 feet, 3 cloth tags (yellow).

They have Manifolds,
iver’s, air.

Diver’s air manifolds (pl. 54) are brass castings.
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 air lose or vice versa.

The standard diving air pump, mark III, plates 55 to 60, in- Pump, diving, il
clusive, is a twin-cylinder, double-acting, manually operated 8- i
pump. The complete pump consists of the following principal 4

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
The frame is strengthened by horizontal

upper rail-rod support.
It is firmly se-

braces supporting the crankshaft and bedplate.
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 it

pump frame, and forms a true base and support for the cylinders. gl
Cast integral with the bedplate and located on its under side 1
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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PLATE —Diver’
TE 54.—Diver’s control valve and air m

-Navy standard diving air pux;lp Mark

III, assembled—
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Cylinders.—The cylinders have an internal diameter of 414
inches, with a stroke of 7% inches. Their calculated or theoreti-
cal output is 405 cubic inches of free air per revolution. The
required efficiency of a new pump when operated against a pres-
sure of 100 pounds per square inch is 80 percent, with a cor-
responding increase of efficiency at lower pressures. The cylin-
ders, which are made of gun metal, are bolted and sweated per-
manently to the bedplate. They are located parallel to each
other and finished dead smooth inside to exact dimensions.

Prate 56.—Navy standard diving air pump, Mark III, assembled—
Back view.

Cylinder covers—The cylinder covers are made of gun metal,
are interchangeable, and are bolted to the flanges on the cyl-
inders. They are fitted with inlet and outlet valves, cylinder
oil cups, and piston-rod stuffing boxes. The inlet air openings,
oil cups, and stuffing-box glands are elevated above the water
overflow outlet of the water cistern. The cylinder-cover joints
are made airtight by leather gaskets. Air passages are drilled
through a rib case on the front of each cylinder, thus connecting
the air spaces of the upper outlet valves with the air reservoir
on the under side of the bedplate. Each air reservoir receives
air from its respective cylinder. The lower outlet valves are
located, one each, inside the air reservoirs.
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PLATE 57.—
97.—Navy standard diving air pump, Mark I1T

wi a3
removed, ith top raised and front cover

e
=

PLATE 58.—Navy standard diving ai
g air pump, Mark IIT, arranged to suppl
2 Ply air for two div
ers.
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Intake and exhaust valves.—The intake and exhaust valves
made of bronze are interchangeable and are faced with leather
on either side. The valves are held on their seats by spiral
prass springs under light initial tension; the valve stems mov-
ing in guides formed in the valve casing of the valve bodies. The
valve bodies are each made in two parts; one part of each being
permanently secured over a valve opening into a cylinder, thus
forming an integral part of the combined cylinders and bedplate.
The removable part of the valve body is termed a valve-body
cap. This arrangement is simple, efficient, and provides an easy
access to the valves.

Prare 59.—Navy standard diving air pump, Mark III, removed from case.

Air reservoirs—The air reservoirs are fitted with air-delivery
nozzles, to each of which an oil separator is screwed before using
the pump to furnish air to divers. The diver’s air hose is
coupled to the male submarine threaded portion of the oil sepa-
rator (pls. 63 and 64). The delivery nozzles are cross-connected,
and a two-way transfer valve with valve rod and shifting handle
is fitted in the cross connection and is so arranged that the air
from each cylinder may be directed out its respective delivery
nozzle or the air from both cylinders may be directed out the
left delivery nozzle. Hence, with the pump being operated at

69
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: ¥ a
i the cylinders is force
i i t is compressed by
ordinary speed, air may be supplied to two divers working iy tically all the air tha

moderately deep water (60 to 80 feet).

Transfer valve.—The transfer valve is of the plug-cock type
with a T-opening. The valve stem is made short and square in
sections. A long valve connecting rod is fitted at its upper end
with a valve-operating handle and at the lower end with a square
female socket that slips over the short valyve stem. The transfer
valve and its connecting rod are housed inside the pump case;
the valve-operating lever being located to the front and at the
bump case cover joint at which point a direction plate is located
that indicates the position of the valve ports.

i r-cover
ou;-' ton rods—The piston rods pass through the cylinde
181on roas.—

S fiin 0X n h 1STOoNn-Ir ul located in s patate gulde
tu gb eSadtepStn Odg des €

Con-
f the pump frame. ©
astened to the angle braces o pon the rods which,

upports f s
zegfing slings are pivoted to the square sectio

in tur n, are connected to brass beallng blocks on the crankshaft-

STEEL TAP

A

Mark 11T, removed from ecase
and enlarged view of pump gages.

PLATE 60.—Navy standard diving air pump,

: and showing pump
Wheels, handles, oil Separators, 5 ;
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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

of gun metal, in two parts hinged together, and is fitted

made
New pistons, when as-

with a clamping screw and wing nut.
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 be
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 to 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
pronze 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 filters the air

before entrance into the air hose.

646428—45—6

Separators.
oil.
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nate in the counterbore of the lead sole and are each fitted with
pronze washer and then smoothly peened over the washer by
spinning. The wooden soles before assembly are made water-
proof by boiling for a period of 3 hours in paraffin. :

The leather uppers are made of the best quality steer hide,
fully tanned by the mineral-tan process free from acid, alkalis,
or make weights other than the filler necessary to make the
leather waterproof. The outside surface is black. The leather,
before acceptance, is required to have a tensile strength, before
splitting, of not less than 4,000 pounds per square inch; the
elongation in a length of 2 inches not to exceed 30 percent and
withstand immersion in a neutral solution of 20 percent water
and 80 percent glycerine at a temperature of 275° F. for 1 hour
without deterioration.

Assembled.

PraTe 63.—O0il separator-
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then nailed over the leather with 381 copper %;-inch diameter
flat-head, 13-gage copper nails equally spaced between the spaces
of the under row of nails. The nail holes in the wooden sole
and copper strip are drilled with a No. 50 drill before driving
in the nails. The copper bending strip is of soft copper 1% inch
wide No. 20 B. & S. gage. The upper edge of the copper strip
is rounded and, as installed, the ends butt at the toe end of the
shoe.

PrLATE =0
64.—0il1 Separator~Disnssembled

DESCRIPTION OF NAVY STANDARD DIVING GEAR

The toe of the shoe is protected by a toeplate, cast of bronze

and polished. The plate is 3% inch thick and is shaped to fit

the toe end of the upper sole and to allow a clearance of %
inch above the leather toe of the shoe. The bottom edge of the
toe plate is flush with the front end of the lead sole. It is
attached to the wood sole by means of five flat-head 1-inch No.

PLATE 65.—Navy standard diving shoes.

10 brass screws. A new type shoe, similar to the leather shoes as
¥ far as the dimensions but made of canvas, is being adapted for
Navy use. This shoe has a square toe and ig constructed so that
any of the component parts, lead sole, wood sole or canvas upper,
may be replaced.

The grommets or
outer- and inner-ring type, with inside diameter %4 inch.

The diving decompression stages are shown on plates 66, 67,
and 68. They are furnished in two sizes; a large size (48 by
60 inches) and a small size (18 by 36 inches). Both stages are
identical in construction and vary only in size. The platforms
of both size stages are made of 10.2-pound steel- plate perforated
with %-inch diameter holes 1 inch between centers. On the
small stage the edges of the platform plating are bent down at
a 90° angle along its length to provide greater lateral support
and an open base for the platform. On the large stage the plat-
form is welded to 3- by 2- by 14-inch angles for the same pur-
pose. Six galvanized eye bolts of approximately ¥4-inch di-

eyelets are of brass, standard No. 3, of the

Stages, g
decompression.
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ameter wire and 1%-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 legs
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 4 rounded apex. The lower
ends of the two bails terminate in eyes which bass through the
eyes of the corner bolts on the stage. This construetion 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, ag shown on plate 66..

The large stage (pls. 67 and 68) is usually lowered by one
4-inch manila line, a bridle, and an interposeq Spreader. The
Spreader is 42 inches wide with elongateq eyes at each end, ‘ %
through which are secured the legs of the bridle ang one end { GENERAL NUTES :
of each of two 30-inch lengths of %-inch diameter wire rope, ‘ ’|| a R
thimbled and Served at each end. The other eng of each of @—J;ﬂ ‘:;kT:SJ“TkG';“&'&J.°n§5:%LssMADE AND ATTAGHED AS FOLLOWS

AP WITH 3 PERFORATIONS
'

S ¥ 1 g
these two sections of rope is shackled to the eye of the stage =t IOFT. ABOVE STAGE -SINGLE STR > 4
: : v s s : i ) | o i1 PS
bail. The bridle ig of one piece of %-inch diameter wire, with ig:{;ﬁgo;p ; . s RIS
TS . 3 | &) i
a bight seized in the center to form an €ye. The length of the o 40”3'?::;‘" i ' PLAIN
i 3 . . . . - FT.&1 b i
wire is such as to form a triangle 86 inches in height. __\_L'[i‘ré ooy AREDoLOTHL S 2 PERFORATIONS
The platforms of tp I ars ago wer . Sy R " s L v
" Ao sl e e e [ ioe::nan TAGS 5 U2"LG.TO BE SECURELY FASTENED BETWEEN & AROUND

9=

n

R RS

lvauiz ﬂ i i y S WITH A RED GLOTH TAG AT THE
ga ed flat iron bars spaced about 1 inch apart. It was ] gg*:#”i:;é”‘%"’wsfk?fé“r”gﬁwm2'“"°"° ROPE.

found that it was possible for g diver to ¢ome up under the J_‘ﬁ‘m
stage and foul Some of the helmet fittings between the bars of ZPl'm-ﬁ—
the stage. The perforated plate was accordingly adopted as the
standard platform, , ‘
A detailed description of the decompression Stage lowering lines : ol §

is given in this chapter under “Stage lines.” : «.—,;,_5

g:g:slindgi'ver’m The diver’s dressing stool (pl. 69) is 19 incheg high, made of "*zl‘
l-inch yellow bine, and pPainted with clear varnish. Under the
14- by 18-inch seat a shelf is built in which should be stored the | 3 AND SUPERSEDES C.8 R. 208160, BU.NO:S05868 & 505879,
wing nut T wrenches, wing nuts, Copper washers, breastplate QIR Sy i

: Segments, a pair of pliers, and g 19-inch open-enq wrench, ool SRANNEN R 1 TENGINEER

; Tanks. Testing tanks (pl. 74-A) are made of steel, are of 1 cubic foot i EXAMINED 8':m£¥ - .:;Z?i@

Capacity, and are fitted with g 8age registering 300 pounds, pet IN GHARGE OF WORK ZZHDATE:

cock, inlet anqg outlet nipples which are submarine threaded to
STANDARD PLAN

take the diving air hose, transportation handles, and a name
plate markeq with the Capacity, date, and place of manufacture,
and the test pressure to which fhe tank hag been subjected. The | DlVlN G APPARATU S
tanks are required to withstand an internal test Dressure of 600 DECOMPRESSION STAGE
pounds per Square inch before itg acceptance from manufacturer, S
It is used for Proving the efficiency of diving ajr pumps and as AND LINE
an . expansion tank or Iow-pressure receiver when diving with
compressed air supplied from air flasks or air-flask banks such
as used in some diving launches,
}el?hones, Communicntinn between Submerge( divers, ang their surface
1Vl . .
£ tenders.may be accomplished by (1) telephonic tmnsmission, (2)
mechanical transmission of hanqg signals by pulls on the Jife line,
and (3) messages written op slates or the equivalent, lowered
and hoisted to and fro from deck to diver,
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The practicability of hand signaling obviously is dependent on
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ing lines are susceptible to fouling and the diver is handicapped
in writing and distinguishing such messages by restricted visi-
bility. Accordingly, while either of these two procedures may
be resorted to in an emergency, the diving telephone or diving
amplifier equipment is mainly depended upon for vocal communi-
cation with the diver.

Perfection of diving telephones and underwater communication
has been the subject of continuous research and experimentation
by the Bureau of Construction and Repair from 1912 to 1940 and

PLATE 69.—Diver's stool.

by the Bureau of Ships from 1940 to the present time. Dry-cell
battery, storage battery, batteryless, and amplifier types of tele-
phones in the order named have been tested and used in service.
After years of service tests, the consensus was that of all of the
types mentioned, the amplifier type of communication gave the
most satisfactory results. Accordingly, the diving amplifier
equipment has been adopted as the Navy standard diving com-
munication equipment and stocks are being filled with this type
of equipment. Issue of all diving telephones has been discon-
tinued and all equipment being issued at the present time is of
the diving amplifier type. However, as some of the telephones
are still in service and will be continued to be used until no longer
serviceable, the following descripfions of each type are desirable
for identification and information.
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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 a
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 cirecuit.
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 loniger carried in stock although there are
still some in service. When cables of this type are no longer
serviceable, replacement is being 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 fiber 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
bhelmet and equipped with g 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

CLOSE cLosE CLOSE
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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-coy-
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
weight 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 amplifier equipment described herein.

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

The volume of sound produced by batteryless telephone systems
is usually insufficient 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 pro-
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 accidenta]
disarrangement.

The amplifier type of diving

telephone was the first successful
departure from straight tele

: phone communication for diving
operations. The €quipment is very similar to the present diving

amplifier equipment and its component parts are the amplifier
with a built-in transmitter-reprndu(‘er. 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 ga 110-volt D. (. line. Type B
operates only from a 110-volt D. C. Line. Plate 71, part 1, ‘shOWS

t}Te type B amplifier which is identical to the type A except for the
difference in bower supplies.

DESCRIPTION OF NAVY STANDARD DIVING GEAR

The amplifier is of a low-gain type des.igned for commul;xgz.lt:;:
petween the tender and three divers and is arranged s‘o thz; hIZ 4
may talk to each other. A portable metgl case selves‘ (l) % :el
the.ampliﬁer, the tender’s tl'ansmitter-receu.rer, the -Ccﬁlt»m é)i‘vmg,
and the receptacles. Receptacles z;re olil-(;:;:iefl bfl(::fornr:a; A i

$ 1e or two power cables, and a 25- t: g
i:::lt;;i()t:ltgr-l'eceivtzlx‘ unit for use on the tender. x'Ml recep};;;:izz
are provided with a cover for protection when not in uie. o
talk keys for selecting divers are mounted. on. the c]mt] TO t1;< s
with the power switch. This system reta.ms 1t's rt? a 10nnits e
telephone system in that when the transmitter-receiver ur A
interconnected, they will operate as a batter}tlt(izj' t;zggil‘l,(;?e lsl);it is.

m ~ansmitter-receiver.—A transmi -: it -1
prfi’eiId?:e)stfotr7 the diver. This unit has a flexible v01'ce E\;le)seszll;lﬁg nlls
necessary to provide sufficient volume of sound for su
mumcatl(ii.'l‘he power cable used in this system is shown as part
16,0;)11’::; ‘71. The diving cable is described below under “standard

diving cable.”

amplifier equipment. This equipment_ is the resuil'; 0(11:‘ thIet is:’lzli(s)gs
R e B st et il
of the diving amplifier, the 1v. : S 2y S
the power cables, and the corr}bmatlon d1v1ngd arzfture Fanaen
line cable. This equipment is a clomplete degmages Syl
telephone type of system and centains the'z at.\;n e
developments in amplified speech cqmu}unlc% .1 : 3 e e
ences in this present system and its m.lme iate p >
ft:ee uZesof a relatively high powered amplifier, cortlt‘r(l)]légd ;r:);;llllléi ;);f
speech in each direction separat.e]y, and Cf)nhIO Ao
e i hen e it B
i i ound to ove : .
f:ggée;:ealllledlizlaet ivith the result that chmunicatlon ?zyf:niis;z
maintained without shutting off the air. Co.n'trolledf g(?ep Sin
sponse is especially important under condltlonshores el nyen
where high pressure and helium—o%(ygen‘ atn':iosp e
human voice to become extremely high .pltChE.} 3 P
Diving amplifier.—The diving axlnph'ﬁer is el
y and serves to amplify the voice in each. irec o ;f e
S§Stem' ‘m'( Kt control panel, acts as a terminal board for
ﬂ. f‘OH\ en;)eins and supports the tender’s transmitter-reproducer
?lllriltn - Igsilchea,mpliﬁer is designed to provide two-way speech from
g e v t(') : I;Zf;(l)l:ll;mnfeft;?r::ngézszzon and is prot.'ided with
S Case‘ls ‘(I)S carrying. Three jacks for connecting to the
t(;fdniilesc'1fb011ese(thsxi-ee jacks for connecting to power Ai?%plg;:alll);evsé
o ’ o n the case. a
izl controiioga;l:;t:clt?oz]:x:sdn:t in use. The tender’s trfms-
?ﬁirft:evr-c;:;if)sducer is mounted rigidly to the top of the amplifier

ase. The entire unit is splashproof and will withstand damp
case.

i ithout damage. i
Sa}f‘hil:\:pliﬁer will operate from any one of three power supplies

- Diving
w i i the means of com ifer
i ng issued for use as : plifie
The equlpment no bei : : : er
munication between a diver and his tender is known as dwmg equipmen
nic4d v
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namely, 110 volts (60 cycles) single phase AC, 110 volts D. C, or
12 volts D. C. It consists of one channel so arranged that all
divers may talk to the tender at any time except when one of the
talk keys is pressed. Speech from the tender is transmitted to
each diver separately as each of the three talk keys is depressed.
Sufficient amplification and control of frequency response is pro-
vided to allow the system to be used in an atmosphere of air
or helium-oxygen and under extreme pressures. Two tone and
two volume controls are provided in order that the frequency re-
sponse and volume may be controlled separately for speech in
each direction. The amplifier- with the control panel, tender's
transmitter-reproducer, and three receptacles is shown in plate
T3A.

Diver’s transmitter-reproducer unit.—The diver’s unit consists
of a permanent magnet loudspeaker that serves both as a trans-
mitter and reproducer. The unit requires only two wires from the
tender to the diver. The unit is mounted in the diver’s helmet and
is suspended in rubber cushions. It is designed to withstand salt
water without damage.

Power cables.—Three 30-feet power cables are supplied with
the equipment. Each has a special polarized plug and is marked
for the type of power supply with which it is to be used. The
diver’s transmitter-reproducer and the power cables are shown on
plate 73B. As the plugs on the amplifier end of the power cables
serve as switches for converting the amplifier to the desired power
supply, insertion of more than one plug at one time will cause
short circuits and serious damage. Care should be exercised so
that more than one power cable will never be connected to the
amplifier at the same time.

The combination diving emplifier and life-line cable (combina-
tion telephone and life-line cable) —Standard diving cable sup-
plied with amplifiers is now standard for use with all telephones,
as well as with the standard diving amplifier. A section of the
cable is shown on plate 14. Diving cable is furnished in 200-foot
lengths and consists of a hoisting member forming a central core,

TO LINE-110 VOLTS D.C.

i

MINIMUM BREAKING
STRENGTH 2250 LBS.

ROUND

PraTe 71.—Diving telephone, amplifier type.

|
|
|
I
|
|
I
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a rubber core jacket, four electric wires, insulated wi‘th a‘ 1/33-il?ch

rubber jacket and an outer cover of tough rubber. 'lhe' inclusion
of four conductors in the cable provides two spare viurles. The
hoisting member is formed of stranded Corrosmn-l;esx.stmg VsFeevl
wire encased in a molded-rubber jacket of about 3}(;-4 inch ‘thlcls.'
The electric wires each consist of from 20 to 25 soft—dr:fwn
untinned copper wire strands with four de:ld—s?ft co.rrosml?-
resisting steel wire strands with a 1-inch lay. The wires :u'e
color-coded white, red, black, and green. The four conductors alﬁ
spirally wound about the central core with some slack so that a

ivi pli female connection—Assembled.
PraTe T1—-A.—Diving telephone coupling, double fema

i - i ale connection—Disassembled.
PLATE 71-B.—Diving telephone coupling, double female 3

tensile strain placed on the cable is borne by .the CQ'I?tT‘{'ll E-or!(;
The central hoisting wire, conductor wires, a‘nd inner J.ld\.(}t:st{l\]‘:
then encased as one unit in an outer }'ub.ber Jf'leeF appro-xm‘}(lish_q
54 inch thick. The cable is about 35 inch in du}metel, v ilb(}}
about 0.35 pound per linear foot, and has a breaking strength
i y 2,500 pounds. : a

aplg:glulzitgetlﬁ of divfng cable is complete with two spetctmlhle)(l1 aiz
plugs and one coupling. The plugs are permanently ::t ace i
each end of the cable and will make a strong Wa:certlg thm e
cal connection and a positive electrical connection to the

A
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Precaution to
be taken when
using any
diving com-
munication
equipment.
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helmet and to the amplifier. When additional cable length is
desired, the coupling is used to connect two or more 200-foot
lengths of cable together. The couplings and their constituent
barts are shown on plates 71-A to T1-F, inclusive,

When diving operations are conducted from wooden rafts,
hulls, or docks, the electrical equipment is often insulated from
the ground. As g result of this, a static electrie charge some-
times exists between the equipment ang ground, and when the
helmet is placed on the diver, this charge will discharge through
his body producing serious electric shock.

PLaTn 71——C.—Diving telephone coupling, male (jack plug housing) —Assem bled.

i iz 13 4

PrATE 71—D.~Diving telephone coupling, male (jack plug housing)—Disassembled.

contact with the water. The wire should be No. 10 B. and S.
gage or larger. The diver’s metal ladder will often serve as a
good grounding point, If any metal sheathed cable is used to
make connection to a shore power Supply, the sheath should be
grounded in a similar manner,

1 mm——

GENERAL NOTES

| - THE STEEL EYES SHALL BE CAST IN THE WEIGHT AS SHOWN. IT I:AT
IMPORTANT THAT EYE BOLTS BE CENTERED IN CASTING SUCH T
BALANCE WILL BE MAINTAINED.

- TIRE WEIGHT SHALL BE GALVANIZED.
§- a:IGHT IN POUNDS SHALL BE CAST ON THE WEIGHTS AS INDICATED.

1
LETTERS SHALL BE NOT LESS THAN 3 HIGH.

DRAWN 8Y: RE.ROPER
EXAMINED BY: F¥t~ow PRINGIPAL ENGINEER

IN CHARGE OF wORK:ZDE DATE: 5 ~2/—42

STANDARD PLAN
DIVER'S CAST IRON WEIGHTS

SCALE -12":=1FOOT
NAVY DEPARTMENT

BUREAU OF SHIPS
WASHINGTON,D. C. MAY.23, 1942

Z2
CoEy it
BUNE 525964 e

(646428 —45 (Face p. 88)
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ALTERATIONS 958

MARK [DATE DESCRIPTION APPROVED)

SCHEDULE OF MATERIAL

QUANTITY FOR ONE WEIGHT

PCNO. NAME SISPEC. | MATERIAL | DIE. |
. |wEIGHT | |46-1-5 |CAST IRON Ji00 PouND
2 |EYE 1 l465-4[STEEL 142
3. [WEIGHT | [4645 |CAST IRON 50 POUND
4 [EYE 2 [46s4[STEEL  |u3s | g
5 |WEIGHT | [s6--5[casT IRON | |25 PouND R

GENERAL NOTES

|- THE STEEL EYES SHALL BE CAST IN THE WEIGHT AS SHOWN. IT IS
IMPORTANT THAT EYE BOLTS BE CENTERED IN CASTING SUCH THAT
BALANCE WILL BE MAINTAINED.

2.- ENTIRE WEIGHT SHALL BE GALVANIZED.

3- WEIGHT IN POUNDS SHALL BE CAST Oy THE WEIGHTS AS INDICATED.
LETTERS SHALL BE NOT LESS THANi HIGH.

DRAWN BY: RE.ROPER

EXAMINED BY: FMAte PRINGIPAL ENGINEER
IN CHARGE OF woRrK:Z DX DATE: 5 ~2/~42

STANDARD PLAN
DIVER'S CAST IRON WEIGHTS

SCALE -12"=1FOOT
NAVY DEPARTMENT

BUREAU OF SHIPS
WASHINGTON,D. C. MAY.23, 1942

BUNE 525964 <5tk

PLATE 75.—Weights.

646428—45 (Face p. 88)
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The overall trousers (pl. 74) are made of light canvas, with Trousers,
adjustable straps fitted with brass buckles and eyelets, two oY
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 Valve, air
is used to control the inlet of air to the diver’s helmet. The °°trol-

. valve body is a brass casting, approximately 415 inches in length,

with a boss cast at a 35° angle to take the valve stem, stuffing
box, gland, and cap nut. A retaining yoke prevents the valve-

PrLaTE T1-E.—Diving telephone coupling, for helmet gooseneck (female connection)—
Assembled.

©

T :

K?&q . : . -

PLATE T1-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, Weights.
50, and 100 pounds. They are of mushroom shape, fitted with
steel pad eyes as shown, and are painted black. The 25-pound
weights 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.

646428—45 7
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PLATE 73--A.—Amplifier and

tender’s reproducer-front and right side.

DESCRIPTION OF NAVY STANDARD DIVING GEAR

PrLATE 73-B.—Diver's reproducer and power cables.
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Woolens.

Special gear
not a regular
part of stand-
ard diving gear.

water welding outfits, underw

operations are not included in stand
furnished as separate and speci
salvage vessels. This speci
XIX.

PIVING MANUAL

Woolens consist of woolen undershirts, drawers, socks, and
gloves. The shirts and drawers are worn usually over the diver’s
ordinary clothing when working in cold water. Woolen gloves
are worn inside the rubber gloves to protect the hands from
cold. The woolens are furnished in fast-dyed dark colors. The
shirts and drawers are furnished in sizes from 36 to 44.

Gloves
are furnished in sizes 9 to 11.

PLATE T4.—Diver’s overalls,
Certain other gear, such as underwater cutting torches, under-
ater tools, ete.,, essential to salvage
ard diving outfits but are
al items to Submarine rescue and
al equipment is described in chapter

DESCRIPTION OF NAVY STANDARD DIVING
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\ PRESSURE AND DEPTH GAGE

PET COCK AIR ESCAPE

4 PLuG cocx

|
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CAPAGITY, ONE CUBIC FOOT

PLATE T4—A.—Tank, test, for diving air system.
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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 typepand
one as the Ohio Rubber Co. type. Being light in weighty and
compact they can be transported and stowed easily. While shal-
Iow-“.ra‘ter diving does not present the hazards involved in deep-
sea diving, a real hazard does exist to the man unfamiliar with th,ia
me.thods'and basie physiological principles of deep-sea diving
This equ}pment should be used only by trained divers or under thé
suPerv181on of a competent officer or enlisted man trained in
thls' field. The divers should be good swimmers, They (are use-
ful u% warm water in performing such work as examining and
cl(‘eanmg Ships’ strainers, propeller work, ete. The Morse and
Miller-Dunn types each consists of a helmet, lead wei hts‘ t
tached to the helmet, 50 feet of rubber air l;ose and f ma:u_
ally—operz}ted hand pump. Their principle of op,emtio;l is th(—;
same. Air is supplied to the helmet by operation of the hand
pump at a pressure greater than the surrounding water pres .
f}f shallow deptl?s. The excess air pressure in the helmet ;I))revzl;;:

Ofethvgaltlii,nev;vh;c-h of' (.zourse has access through the bottom
et re‘l,s lotrlx: rising ?bc')ve the level of the air inlet. It
b LEon at‘the air inlet is located near the bottom of
e h XCess :fur -nscapes through the bottom of the hel-

- If the helmet ig tilted too far from the vertical, there is

:ililllsng(}'c 2:1;1111 nv;atae:y :ivl?ilrllz télfe tcllive;‘ Im.ay stoop slightly without
s ‘ ! : 1€ helmet in excess of 45° will
3;1’(:;;11130 l?tr;alte; (ilto rise 1n.the 'helmet above the level of the
S rll] nose.. Likewise, if the pressure of the air
surrounding thz h:ll:;]z: iielevizuimlz t?e‘pressure e
; 4 Vel rises in the helme i
;};iulll:lt%rnal and external pressures equalize. Accordingl; ucl:ltrl;
e taken that the d;pths to which dives are made al"e not
ch the pump can ir,il

zti):;i é);‘eisure coxgmensurate with reqll)lirem:x?tr;l.)lyTzi;;‘, (l)IllliZOII;I:::
2pairs.ofy§i(; ecl(‘),rsmst; (‘)f a rubbex: face mask, one nonreturn valve,
S, underwear, 2 pairs of rubber sneakers, one 50-foot
o e _e, 01‘1e 3-foot length of air hose, an expansion tank,
o Mmef"_gpelated hand pump of the Same type as supplied
] un.n or thg Morse type apparatus. Detailed in-
TR ?;msped with the face mask outfit. With this
e an, e 'd%ver h‘as greater freedom of movement, and

e fy Dbosition without water entering the face mask
I oL proper pressure ig continuously Supplied to thé

mask. It i easier o (] iv a i
S also easier for th diver to maintain an upright
S
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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 description of each type :

follows:

The Miller-Dunn Navy type shallow-water diving outfit is Miller-Dunn

Navy type.

shown on plate 76.
Helmet.—The helmet of 17-ounce, hard-rolled copper is cylin-

vdrical 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 helmet weighs
26% 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 is 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 soaked with
white lead, and are secured by right- and left-handed securing
frames held to the helmet by 19 hexagonal-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 baffle 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 fogging. Small holes pierced in
the bottom part of the helmet permit the escape of excess air
in addition to that which escapes around the shoulders. Broad
copper straps are riveted to the front and back plates of the
brass clips molded in the lead weights.

Four 814 -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 air pump is a twin-cylinder, single-action pump
that is 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 air down to depths of about 40 feet.

The bottom plate is an irregular-shaped iron casting having
a vertical standard in the center to which is pinned a rocker
arm or beam of the same material. This rocker arm or beam
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 5 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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PrLaTe 76—
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the bottom cylinder head is a hinged lug by means of which
the cylinders are pinned to the bottom of the plate. This method
of securing the cylinders permits them to move slightly in a
vertical plane in order to center their axis with the ends of
the rocker arm or beam that makes a vertical arc on the upward
and downward strokes of the piston. There is a drilled, threaded
extension on the bottom cylinder heads in which is screwed the
air lead connection cast in one with the valve body. Inside the

bottom cylinder head, an air channel is scored out th

: . at leads
to the air connection.

The top cylinder head is threaded and

Shallow water diving apparatus—Miller-Dunn type.

SHALLOW-WATER DIVING APPARATUS

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 center 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 35-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

€ the shallow-water diving hose with the standard No. 1 and
No. 2 deep-sea diving outfits.

The wooden stowage boz measures approximately 15 by 12
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by 42 inches, and is furnished as a part of the outfit. Total
weight of the complete boxed outfit is approximately 105 pounds.
The Morse type of shallow-water diving outfit is shown on
plate 77.
Helmet.—The helmet weighs approximately 20 pounds and
is made of spun copper. The upper portion of the helmet is
spherical in shape and the lower portion is shaped to fit com-

A. J. Morse
Navy type.

e —

e e et Sy

PLATE 77-A.—Shallow water diving apparatus—Ohio Rubber .Co. type.

S ot e

PLATE T7.—Shallow water diving apparatus—A. J. Morse Co. type.
fortably on the diver’s shoulders, upper chest and back. The
inside diameter of the neck portion of the helmet is 914 inches,
whereas that of the spherical portion is large enough to per-
mit the diver to move his head freely. The front of the helmet
is fitted with a single curved window made of shatterproof
glass. The window is made watertight by being embedded in
red-lead putty, in a bezel, and secured by a bronze frame that
is held fast to the bezel by brass serews. No diving guard is
fitted to the laminated glass window, but a brass plate stowage *
guard is provided, to protect the window when the helmet is not

in use; it is fitted over the window and held in place by two

thumb screws. The glass is 12% inches long, 71 inches wide,

and %-inch thick, and the corners are rounded with a 214-inch

B
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r?dms. The top of the window is tipped slightly forward t
gx.ve the diver greater range of downward vision. Air is d0
mitted to the helmet through a 90° elbow, turne.d down ad.
at about 30° to give a fair lead to the air hose. After thwaI:
Passes through this elbow located at the back of the helm:ta}:
is conducted by two 2-inch passageways opening at either s;qjl
of the window. A bronze swinging handle is secured t the
top of the helmet to facilitate handling. An eyelet Iacod .
the. left-hand side of the helmet provides an anchorape fﬁ %
eu}:.ng the air {wse after it passes under the diver's legft arxr‘nse.
uau;r_-oz;zg‘rfﬁ.e—;flhe air pump i.s a two-cylinder, single-action, man-
s K <basepum([i) ;]hnt weng‘hs approximately 62 pounds. The
o H , an andle pivot are made of a single bronze
.'é‘he cylinder b]o.ck is secured to a plank that is 12 inches in
::;: z?tht;ds(i)éesuf;ictfntbiength to extend approximately 12 inches
S o e block. This plank extension provi :
S;)e:st;et;)g leth .stantiing.fo?troom when operating the gu?::)(,iiiet::
s ying it The inside diameter of each cylinder is 3.625
4 ;ﬁ:tgszﬁl;i agle 0.75‘ inch thick, and are 0.0625 inch smaller in
Frvlicad e bore oij the cylinders. They have a stroke of
oy T,he Waat thfzoretlc.'al delivery per stroke of 72.84 cubic
e e rig;unv CO;S e room is approximately 0.4 inch. Each pis-
e .in itnr)ec.ted ‘to its respective cast-bronze piston rod,
e ‘,iq,ﬂ‘.lt : .t(Il single annul.ar groove 0.5625 inch deep. This
i E-I(J\;m ((;Lf);)ilﬁfssil-we side and is curved on the opposite
sure side to meet the b:f;:lgztiilelligﬂ::of};e gt -
pla§ed an oil-saturated leather ring that s;re
of the piston and settles into th‘e gl'oo"é
8roove prevents the ring from reachin !
The thickness of the le
of the groove.
leathers.

iio AN 3 .

S tx;le tiljleleiotgioymg, it will be noted that the piston ring is
ol :le. The valhve chamber is cast integral with
N .at. On the intake stroke, air is drawn from
e Oglsﬂon, past the leather ring that is forced against
i llet grooYe, and through the passageway left
gl ;ei e(zla her ring, under it, out through the 11 holes,
P y n. er. On the reverse stroke, the leather ring
s th}é agfnnst the curved rear face of the ring groove
e i ezluc; through the? check_ valve placed in close prox-'
A res] t?f the cylinder. The air is then delivered
ot 1f)ec ive outlett valve into the section of brass pipe
AL T gnzu;e:sﬂv;vgtgialT casting. This T casting has

2 r-hose connecti
for the pressure-gage connection. The p:ecstslggé ?gggeﬂwl:h;fhz

position 1S se an
t at an d y y
gle so it may be read easily b the pump

The piston rod is 1.5 inches in di

and is milled at its center to re
rocker arm.

Into the groove is

tches over the face
The shape of the

g the bottom of the

) : ] groove.

i a‘thel ring is slightly less than the width
1l ports are provided for oiling the piston

ameter, is cored for lightness,
h ceive the forked end of the
This rod runs in an ample bearing that is cast in-

oy Sy
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tegral with the cylinder block, and bored at the same setting to
assure perfect alinement. Oil 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 8-inch 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-
seribed in the foregoing as forming a part of the Miller-Dunn type

of apparatus.

103

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

on plate T7TA.
Face mask.—The face mask (part1) 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 jnhales. 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
access 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 prevent the diver’s face
from being 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-
ber hose of the type used with oxy-hydrogen under-water cutting

outfits.

0., type.
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CHAPTER VI

CARE, SURVEY, AND REQUISITIONING OF
DIVING GEAR

.E.very effort shall be made to breserve the fine appearance of
dlvn.lg apparatus, to keep it in good repair and ready for im-
¥ned1ate use. With this end in view, the instructions contained
in tl.1i§ chapter shall be carried out in detail.

Diving apparatus shall be maintained ready for immediate use
157 .Should not be stowed in compartments below the :
or in places difficult of access in time of emergency.

A‘ll chests of diving apparatus shall, when sufficient space i
avaﬂablfe, be kept habitually stowed under cover, away f olS
steam. Dipes and excessive heat. When it is neces,sary t.‘i) kr .
them in the open, and exposed to the weather suitable ca o
covers shall be provided and used to protect the,outﬂt. ey

uSSp:l;:szztsk:;t (iilr:rusliitaa%?:rattus not required for immediate
storeroom,
us%I shall be replaced by new parts at the :;]rtiie‘;hzgpg:fuzli]tyfor
Soonni;e:cso Iflzoge;;ls; ncc‘(llrlizgrfi’o;, (lieil‘thbelr ?rticles used in water vt;ill
: : nd liable to crack. Finished leather
contains a certain amount of oil and grease, and wh is i
washed out, the leather loses its flexible qu‘ility 'u‘:,d e\?ilih:mls
3 . . s i ¢ n
Zlilgxgs;gl)fq ;):tudsetse;(l)(l):iztlss. ‘Occasionally the leather parts of
APps D€ glven a coat of neat’s-foot oil 11
rubbed in, so_that the articles will not be di B
To treat leather broperly with neat’s-foot lsz'llgreeable & ha"fﬂe-
to be treated flat i Dossible. Then soak a (1)';’ I_ﬂﬁc‘? ekt
o.ne coat of oil at a time until the oil soak ollsloniindy .
side. Do not attempt to apply the oil frznihll;(;?ghsiodnest h;t Offrl:ce;
le to be treated in the oil.
I?aratus should be kept free of rust
king order, and protected from in-
re to be taken with valves, valve

S not kept painted, polished, or gal-
tly coated with oil.

water line

All metal parts of diving ap
E)r verdigris, in efficient wor
Jury. Special Precautions g
seats, and like parts. Part
vanized should be kept ligh

As oil or 8rease is speci

divi ‘

Oillv ;;g :ppar(}tus composed of rubber must be protected fro

Sistinggoe;aie bxtx: any' form. Diving dresses, and other parts cozT
ubber with cloth coverings or cloth insertions, shall

not be put away while d
A amp ar wet. i
folded, acquire a bermanent set at theRubber B
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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 unserviceable for
further use.
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The outfit and helmet chests, and pump case of the diving Woodwork.

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 Woolens.

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 filters 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-

646428—45——8
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Monthly
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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
af:cumulators, air banks, or other similar sources of compressed
an-. 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 divin
helmet, and all valves of the diver’s air supply system shall bg
tested for satisfactory operation. Recompression chamber valves
and gages shall be operated and checked for efficiency. Divin
telephone systems shall be checked and tested. 1\10!:01~.1211111c}1eg
used for .diving boats should be examined to insure that mean:
for securing the diving air pumps are in place and in suitable

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 it, 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

Diving belts,
weighted.

Diving dress.

™ Diving dress
repair.

cond.itior.l. Where such boats are equipped with air flasks for
llsetntlhheu of pumps, the system should be examined to insure
.a € number of flasks, piping, gages, test tank, etc., conform
with the standard arrangement shown on plate 85.
x After 1'1$e the diving belt should be thoroughly dried. Be-
ore sto?mg, ?he buckles should be cleaned and given a thin
‘C‘Oii}tl oﬁ(:x%,htfoué The belt and straps, if stiff, should be treated
. at's-foot oil. TLeather, unless proper
: : A SS perly cared for, de-
.tslrlorates rapldly and such deterioration is not always discern
f (; ;"rom visual examination. Consequently, the belt straps
z;cl 1'11 ing the shoul(?er and jock straps should be tested for
: s(;-e.strength. This may be accomplished by securing a regu-
tzlllr 1v111ng belt buckle .to the overhead, run the strap to be tested
rough the buckle; then have a m
: an of about 160 poy
.welghF gradually put his entire weight on the strap pStll':dS
311 satls'fac_tory condition will withstand the load. In ‘the pasptS
ho?ergiilocl;tﬁ -?f failures have occurred in the vicinity of th(;
€d in the strap for the grommets taki
: f aking the buckle
tongI'Je:.‘ Defective or deteriorated belts should be repl
requisition. i 4
inszi&;(taer uie dthe diving belt should be thoroughly dried Be
, Or" body waste odors prevail, wash wi / :
: ail, h clean ter in-
side and out, turn the dress insi e e
~ SS Inside out and han i
: ! g up in the shade
tﬁed?;t '\‘;7hen-.d1y, the 'dresses should be turned right side out
e t}slle elodlued, repaired if necessary and the dress hung’
. ckeér or diving room. If the d
In salt water, it should b AR
: ; € washed off in fresh water. A
f;iy‘;LIL% efﬁ{)nent mode of drying the diving dress is to. tak2
. (e)lfl 3 tattens ‘about 8 feet long, secure them together iﬁ
S e . Andrews Cross, place them inside the dress, and
s ther through the ar‘ms to keep them distended. : The
s en leaned at a slight angle until it is dry. On no
552 must a dress be packed away in a damp sta.te' th
.s e thoroughly dried inside ang out—otherwi t , ?y
mildew and become rotten. ey o0
m‘SVl;(‘e};lﬁili;?mgl d;‘leslses are to be worn for rough work, the can
alls shall be wor rer as A% 4
ey orn over them as g brotection against
R 3 i :
e (ﬁigs eCSIOth] is furnished with diving outfits for patching div-
when necessary. To patch a diving dress, the de
A o

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. If 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 Collar repair.

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 cuffs;
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 plug,
up to the edge of the respective sleeve and with the thumb of
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 2% inches wide are cut, prepared as for
patching, 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 fhe same manner, cover the inside

Culffs, attach-
ing of.

Glove
attachment.

e e
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glove dress joints. TUnless emergency requires it, do not use
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 natural
molded curvature of the glove. The thumb patches are then
applied, care being taken to smooth out all wrinkles. Palm
patches, if necessary, 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-
pz?ratus 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, have 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.

In'spect 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-flange gasket of the breastplate seats is
even all around, and see 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
tha.t the nuts turn freely on them. Special care should be ex-
erc1'se_d to see that the breastplate straps do not become bent
or injured, thus saving an endless amount of trouble in mak-

irllgta tight joint at the junction of the diving dress and breast-
plate.

REQUISITIONING OF DIVING GEAR

See that the lanyards are in good condition.

See that all metal parts are free from verdigris and corro-
sion. ’
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-foct 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
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Wear of
helmet neck-
flange gasket.

Helmet safety
valves.

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
serewed 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 water cistern drained by unscrewing the water
drain-off nut and cleaned of any excess oil or grease. The
wheels should be unshipped and the shaft-protecting caps belted
in place.

A common error is the use of an excessive amount of oil in
the cylinders of diving pumps. This causes oil to be carried

Helmet, air
regulating
escape valve.

Pumps, air;
No. 1 outfit;
draining of
cisterns.

Cylinder
lubrication.
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over into the air hose, and oil or grease causes rapid deteriora-
tion of any rubber material with which it comes in contact.

On each cylinder cover of a diving air pump is a small oil
cup for lubricating the pistons, which is done as follows: A pis-
ton is brought to the top of its cylinder, the oil cup filled with
neat’s-foot oil (nonodorous), and the cup is then opened. The
crank is revolved until the piston is forced to the bottom of the
cylinder, sucking in the oil as it descends. The oil cock is then
closed; if the cock were left open, the cylinder would deliver
no air on the upstroke. When the pump is in use, one such oil-
ing for each cylinder per day is ample; when laid up, once a
month will suffice. During the operation of a diving air pump
a few drops of lubricating oil should be placed in each of the
crankshaft bearing oil cups. The piston rods should also be
lightly oiled; however, nothing but neat’s-foot oil or a mixture
of neat’s-foot oil and olive oil in equal parts should be used
for this purpose, lest an injurious oil work its way into the
cylinders, contaminate the air, and affect the divers.

Once a month, and oftener if they have been used much,
the air reservoir cover plates of diving pumps should be re-
moved, the air reservoirs thoroughly cleaned of excess oil or
grease, and the bottom outlet valves looked after.

Lignum vitae handles should be well shellacked, polished and,
when in use, the pump-shaft handle should be kept well lubricated
with a mixture of oil and graphite.

It is most important to know the errors of the gages on the
diving pumps, especially when testing the pumps, and when de-
compressing a diver. The gages should be tested once a quarter,
and more often if error is Suspected, by one of the following
methods :

(@) Connect two or more lengths of air hose together ;
join one end of the coupled lengths to a delivery nozzle of the
diving air bump commencing at the free end, mark the hose
at every 10 feet, if not already marked: attach a weight to
the free end and with the pump heaving round, lower the end
of the hose under water until the first 10-foot mark is awash.
Then stop the pbump, tap the gage, take its reading, and record
it. Heave round the pump again, lower the hose an additional
10 feet, take and record the gage reading, continue process, ete.

(b) The air hose must, of course, hang up and down in the
water, so the test should be done at slack water or, if a boat
is to be used, if may be allowed to drift with the tide.

(¢) Another and more accurate method of testing the gage
ls‘ to use the dead weight gage testing outfit furnished the en-
gineering department of your ship.

(d) The results are to be tabulated, as per the following ex-
ample, and a table of the errors pasted on the inside of the
cover of the pump chest, where it can readily be referred to.

REQUISITIONINyG OF DIVING GEAR

Result of test of left gage
[Sept. 24, 1935]

True depth | Gage shows—
Feet Feet
10 15
20 24
30 33
40 43
50 52
60 62
70 71

Nore—The gages on diving air pump can be changed over so
as to bring the more nearly accurate one to the left-hand side;

it is the left-hand gage that is most used. :
A certain amount of waste room in all diving pumps, such
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Remedying
eakage and

as piston clearances, etc., is unavoidable; however, air leaks, testing effi-

due to faulty pistons, worn valve leathers, poor connections, etc.,
can be remedied. If not remedied, the leakage of air will rap-
idly become worse, and in time bring down the efficiency of the
pump to zero when it is operated against pressure.

The percentage efficiency of diving air pumps sho‘uld be fre-
quently checked. It can be practically and approximately .de-
termined by pumping air into an air tank of knO\.?vn capacity,
noting the number of revolutions required for the different pres-
sures, and then, in accordance with the following form.ula, 111{11{-
ing a mathematical comparison of the results thus obtained, with
the theoretical capacity of the pump at the test pressures. A
test tank of 1 cubic foot capacity is furnished with all new

diving outfits for this purpose.
‘When: - ie ;

T=Theoretical capacity of pump in cubic inches per revo-

lution. :
P=Test pressure in pounds per square inch (absqlute).
C=Capacity of test tank, air hose, and air space in pump
connections.

14.7=Pressure in pounds per square inch at 1 atmosphere.

R=Theoretical number of revolutions required to charge

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

test tank to P.

then:
CEo
s o
T
2) 1005=percent efficiency.

X : ‘
(3) 100 minus percent efficiency=percent loss of efficiency.

The theoretical volumetric capacity of the Mark ?II. Navy
standard diving air pump per one revolution .is 40f5 cubic .mches.
The volumetric capacities of air spaces contam.ed in the.axr con-
nections (capacity of branch pipe, gage pipe, air reservoirs, etc.)

ciency of air
pumps.

Theoretical
volumetric
capacity of
diving air
pump, air hose,
ete.
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are 83 cubic inches. The capacity of a 50-foot length of standard
diving air hose (34-inch internal diameter) is 117 cubic inches.
In using the test tank as a reservoir for measuring the volume
of air furnished by a diving pump, the capacity of the air hose
connections between the tank and the pump and the capacity
of the air connections of the pump must be added to the capacity
of the test tank.

For convenient reference, the following table has been compiled
and shows the approximate losses of efficiency at different per-
centages on- different revolutions of the Mark III Navy standard
diving air pump in service when tested in the manner prescribed
to 100 pounds gage pressure per square inch, using a test tank of
1 cubic foot capacity and a 50-foot length of air hose between the
tank and pump.

Revolutions: Percent loss
of efficiency
oL I R R Sh I e S A EREL S TN R s d e i T S e 0
7 I DS i L O e M S T D I RO S e S o T 5
LT ) e S S i Do) S 4 AR LR BB e W G = g DO 10
friath B U I PRl bR T e SIS P S OB AT S B LN . R 15
£ LN Imi e e S O T il et (A bl s SR L B e T 20
43 ey L n L Wl g e s = SE 25
(Y& %3 Suefle O QSR A e S Tl I o SR i e e 1 4130
k0 K9 HenlBifolcfiaha s B sl L SR S0 Reg e MR SR LR G AR I 35
BALQ: 2 ey 5 A e T VT b RS e 40
 Tofn ek G (T U RS PR el i e T =St S e 45
BAS o el e e B P R I e S e s S 50
2GS T BT s SRR e e S S e Sl ol e G 55
BLLOLCT Sl el s te St e 0 SR el San LSl T S 60
QIGE d 2T e a0 kel s e L et B R N ek e 65
OB Q5 Ltbe s o e il T LR e RS A D S R 70

‘When testing an air pump for efficiency according to this
method, errors are easily made in recording the exact number of
revolutions required for a given pressure; therefore, each test
should be repeated two or three times and the average results thus
obtained should be taken as the true result. On account of the
heat generated when compressing air and the consequent increase
in volume due to expansion on account of the heat, cooling water
should always be used in the water cistern of diving air pumps,
when they are being operated against pressure.

If, after testing a diving air pump, it is found to have decreased
in efficiency more than a reasonable percentage from the above
requirements, the pumps should be carefully examined for air
leaks, and if, after examining the valves and air connections,
these are found to be tight, the cause of the additional loss of
efficiency may be ascribed to the pistons, which most likely are
in need of new leathers.

Spare piston leathers for diving air pumps are sometimes a
trifle large and when assembled on the piston cannot be entered in
the cylinder. In this case the piston assembled on its rod should
be centered on a lathe and a light cut taken off the leathers to
make the diameter of the piston equal the internal diameter of its
cylinder. This operation must be done very carefully; a sharp
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tool must be used to turn down the piston. Also a piston must
fit very neatly in the cylinder and the length of the piston must
be such as to leave only a very small clearance in the cylinder
with the piston on the down stroke. If the piston is found too
short, leather, paper, or thin metal disks must be added, as
necessary, and if too long some of these should be removed as

necessary.
The illustration, plate 61, shows the assembly of the diving air piston

pump piston and should be referred to, if necessary, when the assembly.
pistons are to be overhauled. :
The diving air-pump valves, particularly the bottom outlet he‘-'l:y' pump

valves, are sometimes found to leak, due to injury of the valve
leathers, dirt or grit on the valve seats, or to injury of the valve
seats. These troubles are readily apparent upon inspection. The
bottom valves can be examined or repaired by laying the pump on
its side and removing the air chamber covers which are held by
hexagon cap screws. The suction and outlet valves can then be
removed with a monkey wrench. The valve stems of both valves
are interchangeable. When the valve stem is used on the suction
valve, the brass spring is reversed and a nut and pin added. An
air leak around the transfer valve can be detected by the follow-
ing method:

Conneet the testing tank to an air supply (another diving
pump) : Place a nonreturn valve (helmet safety valve) in the air-
supply line to the test tank; connect the outlet nipple of the test
tank to the right-hand air-delivery nozzle (opposite the transfer
valve to be tested) ; pump air into the test tank until the gage
records considerable pressure. If all the connections are tight,
the nonreturn valve does not leak, and the pressure in the tank,
as indicated by the gage, decreases steadily, it is proof that the
transfer valve leaks. The services of a skilled mechanic should
always be obtained to repair a leaky transfer valve as this type
valve is very difficult to repair.

The labor of operating a hand-driven diving air pump increases 33‘.’:‘.‘,‘}\’2‘3{&.
much faster than the increase in pressure of air being delivered— ing to air-
hence if a pump is found not difficult to operate against pressure, l::&“g;}:&g:fwy

that pump is in need of immediate repair ; however, on the other repairs.
hand, any one or a combination of the following conditjons will
unnecessarily add to the labor of pumping:

(a) Crankshaft bearings, brasses set too tight.

(b) A bent crankshaft.

(¢) Stuffing box gland nuts set up too tight.

(d) A bent piston rod.

(e) Lack of proper lubrication.

(f) Grit or dirt in bearings.

(g) Transfer valve improperly assembled.

(h) Pump-wheel handles too short.

(i) Pistons striking on down strokes.

(j) Pump improperly secured.

While the remedies suggest themselves, the following hints may

be of value, remembering always to replace parts according to

the marks: 3 :
Crankshaft bearings should be set up carefully; just tight

enough to prevent end play of the shaft or to eliminate knocking.
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If reference marks are lightly scribed across bolt heads and
onto a permanent part, they can be returned to their original
setting without difficulty.

If it is suspected that a crankshaft is bent, this can be deter-
mined by centering the shaft in a lathe and checking its alinement
between bearings.

To adjust the setting of stuffing-box gland nuts, slack up the
nuts, blank off air-delivery nozzles, pour a little neat’s-foot oil
around the piston rods, revolve flywheel on pump, and watch for
air leaks around the rods which will be indicated by oil bubbles.
Set up on the gland nuts, a little at a time, until the leaks disap-
pear. Occasionally the piston-rod glands should be repacked.

If it is suspected that a piston rod is bent, this can be deter-
mined by the same method as suggested above for determining
alinement of the crankshaft.

If the deficiency is due to lack of proper lubrication, parts
should be lubricated in accordance with instructions in the fore-
going paragraphs. The transfer valve may be assembled in any
one of four positions, only one of which is the correct one. If it is
incorrectly assembled, it may allow all the air from the right-hand
cylinder to exhaust into the atmosphere, or, in a different position
it may blank off the right-hand cylinder entirely. It should al:
ways be tested after assembly, by moving the transfer valve-rod
handle to different positions and noting if the air delivery corre-
sponds to the markings on the direction plate under the valve-rod
handle.

For testing diving air pumps, they can be secured to a wooden
declf by nailing a wooden cleat to the deck on each side of and
against the pump case. For the approved method of securing air
pump in a diving launch see plates 82 and 83.

A gasoline driven diver’s air compressor is now being supplied
?n lieu of the hand-operated diver’s air pump (plate 81A). The
instructions for operating and servicing this pump are packed with
each unit.

Diving air hose deteriorates rapidly and the deterioration is
accelerated if the hose is stowed in hot spaces.

; .Sp(‘eeial care should be taken to protect air hose from mechanical
injuries and from contact with oil or grease.

If diving hose has not been used for a protracted period, it
should be tested before being used, the internal test pressure' to
bg at least 50 percent greater than the maximum pressure of the
dive, held for a period of 30 minutes.

Specifications under which diving air hose is purchased re-
quire that the date of its manufacture be not more than 6 months
previous to its date of delivery. The manufacturer’s name, date.
of manufacture, and the word “Divers” are molded in the rubber. 4'
feet from each end of the lengths of hose. Air hose over 3 yea’rs
old should not be used as diving hose.

Diving hose in store over 2 years old is surface inspected and
hydrostatically tested before issue to 75 percent of the pressures
st-ipulated in the Navy specifications for new hose. When diving
air hose is issued by a yard, the yard should furnish the receiving
activity with a copy of the report of the last test made on the
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hose. Diving air hose received from store without this report
shall not be placed in service until the report is received. If
emergency requires the use of the hose before such report is re-
ceived, it may be so used provided it is retested by the ship.

Subject to the foregoing as exceptions, diving hose 1m service
should be hydrostatically tested when it is 2 years old and again
when it is 214 years old. The test pressures used should be 75
percent of those required for new hose. New hose, before de
livery, is required to withstand a pressure of 250 pounds per
square inch, held for 30 minutes without exposing imperfections,
and a pressure of 1,000 pounds per square inch held momentarily
without bursting. At this time, March 1943, the limitations on the
length of service of diver’s air hose are being investigated. It is
considered that the period will be extended for use at depths
less than 150 feet.

In making the tests, one length of hose, selected at random
from each lot of hose on board of the same date of manufacture,
as representative of the lot, should be subjected to the burst test.
If the hose fails, the entire lot represented thereby should be re-
placed. Lengths of hose which have been subjected to bursting
tests should not again be used for diving hose, but should be dis-
carded and replaced. Replacement requirements for such lengths
of hose should be anticipated as far in advance of the tests as
possible and new hose requisitioned accordingly.

The ends of each length of diving air hose are capped with a
rubber compound % inch thick to give the ends of the hose a
smooth and watertight finish. It is sometimes the practice to cut
defective sections out of a length of hose and recouple the good
sections. This practice is not approved, except in an emergency,
for the end of the cut section, not being rubber capped, permits the
water to permeate along the braid and inner tube of the hose,
forming bubbles which weaken the hose.

When coupling lengths of air hose together, a leather washer
should always be placed in each female coupling and care taken
to insure that the inside of new hose is free of soapstone. Air
hose should not be coupled directly to the air supply but to the oil
separators. Whenever special couplings such as double-male or
double-female couplings are used, they should be placed in the
line of air hose so that they will not be under water. Such cou-
plings are intended for use in making surface connections.

If a long length of air hose has been in use, moisture is sure to
have accumulated in it. The 50-foot sections should, therefore,
be separated and drained before stowing.

The efficiency of the diving telephone equipment will be im-
paired by careless treatment. With a reasonable amoux_Jt of at-
tention the present standard diving telephones should give good
service indefinitely.

Every part of the telephone outfit should be thoroughly cleaned
and dried before stowing it away. The contacts of the plugs and
the springe in the jack boxes should be kept clean and dry and,
when not in use, covered with the protective caps and cap nuts
which are provided. 0il should not be used on the'contacts and

springs, as oil tends to retain the salt contained in the water.
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Good contact must be obtained by keeping the connections bright
and clean. Verdigris on the jacks and plugs must not be tolerated,
as the current passing through them is so small that the least
interference will stop its flow and put the telephone out of com-
mission. Good contact must be attained by keeping the plugs and
contact springs clean and bright, with the jack boxes correctly
installed in the helmet gooseneck and cable connections so that
they present proper alinement with the jack plugs. It is of no
avail to use two hands on the telephone wrench to obtain contact
by force. Such measures will probably bend the plugs and break
the insulation bushings, resulting in leakage of water which
eventually permeates the cable via its central hoisting member and
conductors.
s Under the conditions mentioned in the foregoing paragraph, it
1S sometimes found that shaking the jacks in their jack boxes
re§u1ts in renewed communication without the eause of the trouble
being evidenced. However, it should be remembered that stop-
page of telephone communication even temporarily is indicative
of a short, a ground, or break in the circuits and every effort
should be made to locate it. ;

If the amplifier becomes inoperative, the power line should be
checked to see if it is energized and of the right polarity ; if of
type A and a storage battery is used as a source of powe’r the
battery voltage should be checked. If the power circuit is f(’)und
to be satisfactory, remove the fuse posts on the amplifier with a
Screw driver and examine the fuses for burn-outs. Defective
fuses should be replaced with good ones of 3 amperes rating.

If the foregoing procedure does not restore operation, the most
likely source of trouble is failure of one or more of t};e vacuum
tubes or if the amplifier is the batteryless type, failure of the power
supply vibrator. -To check or replace these tubes, the amplifier
must be removed from its case by removing six screws located as
follows: Two in the front of the amplifier near the top; one in the
upper rear corner of each end; and one in each lower corner of the
rear panel of the amplifier. This will enable the main amplifier
panel, the cover and the rear panel to be withdrawn from the case
as a unit,

Before removing the tubes it is necessary to loosen the locking
clamps around the tube bases. Defective tubes and vibrators
sl?ould be replaced with new ones. Only tubes of the type fur-
nished with the amplifier should be used. The tubes are not in-
terchangeable and replacement tubes should be installed in the
sockets marked for the particular type of tube used. The ampli-
fier will not 6perate satisfactorily if other types of tubes are
used or the tubes interchanged.

If the foregoing check does not disclose the cause of failure,
the trouble may be due to an open or short circuit in the ampli-

fier connections. The circuit may be checked by reference to the
respective wiring diagrams and list of parts as shown in chapter
IV, plate 71. The wiring may be exposed by removing the hard-
rubber key handles and one screw in each corner of the subpanel
thus permitting removal of the front panel. :

The internal parts of the amplifiers should be kept dry at all
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times. If water does accidentally get into the amplifier, the units

should be carefully dried out before the power is connected.

If a telephone outfit is operating satisfactorily, it should not
be disassembled. After diving, if an amplifier, helmet, transmit-
ter-receiver, or tender’'s transmitter-receiver has become inopera-
tive and the fault cannot be discovered and corrected by the pre-
cedure outlined in the foregoing, the defective element should be
replaced and information as to the desired disposition of the de-
fective parts obtained from the Bureau of Ships. Complete in-
struetions for the care of the guided radio amplifier is contained
in the instruction book accompanying each outfit.

Care should be exercised in unreeling the combination telephone
and life-line cable when received on board. The coil of cable, as
received, should be placed on a revolving platform or reel and un-
coiled as the platform or reel revolves. The cable should not be
pulled from the coil in the manner commonly used with rope, as
this will twist the cable and cause kinks. Kinks especially should
be avoided as they may damage the rubber cover or displace the
conductor wires, thus causing early failure of the cable.

It is unnecessary to test the combination telephone and life-line
cable for strength as the central core, which is the strength mem-
ber, is of corrosion-resisting steel, has ample factor of safety, and
is not susceptible to deterioration. Unfortunately, however, this
is not the case as regards the conductor wires, which, being of
copper, may in time stretch or break, thus impairing or destroying
the circuit. When the breakage occurs, it is usually at the points
of greater flexing of the cable. The points of greatest flexing
are usually a few inches from either end of the cable due to the
resultant bend in the cable at these points when the cable is under
tension. Care should be taken to prevent the cable from getting
a sharp nip or permanent bend at these points. Experience will
facilitate the locating of such breaks and a study of the drawings

showing the construction of the jack plugs will enable the jack
plug to be assembled and reassembled when removing defective
sections of the cable.

Continuity of circuit or grounds may be determined by test with
a megger, a test lamp, or a magneto, following the same procedure
as Tor determining an open or ground in any other circuit. In
testing the cables remember that there is a complete electrical
circuit from the metal sleeve of one telephone plug to the other
plug. If through any cause an open or short develops in the cable,
causing failure of the communication circuits, the jack plug at Fhe
damaged end of the cable should be removed, the faulty section
of the cable cut off, and the jack plug replaced. Removal of the
jack plug involves the following operations, the parts referred to
being shown on plates 71-D and 71-C.

(@) Unscrew the packing nut (pt. 14) at rear of plug hous-

ing (pt. 12).

(b) Remove packing (pt. 13). : '

(¢) Remove lock nut (pt. 10) at front of plug housing with
spanner wrench supplied. .

(d) Heat plug housing to soften the sealing compound.

(e) Slide plug housing back on cable away from plug (pt. 4).
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(f) Loosen connections to plug terminals and remove plug
(pt. 4).

(9) Melt solder which secures stainless-steel core in the anchor
plug (pt. 9) and remove the wood screw wedge (pt. 8) and anchor
plug.

The cable may now be cut back until from the appearance of
the butt end it is evident that all the damaged cable has been
removed, and until the communication lines test through.

To reassemble the jack plug the procedure is as follows:

(a) Slide gland nut and jack plug housing onto cable.

(b) Remove the two outer rubber coverings for a distance of
about 4 inches: untwist four telephone conductors and remove
the rubber covering of the stainless-steel core also for about 4
inches.

(¢) Separate the exposed strands of steel core and tin thor-
oughly.

(d) Slip anchor plug over the tinned strands and bring up as
close as possible to rubber covering.

(e) Distribute strands around circumference of hole in plug
and drive in wood screw wedge.

(f) Solder the steel core and wedge securely into anchor plug.

(g) Cut off loose ends of steel core even with anchor plug and
smooth with file,

(h) Bare the ends of the telephone conductors and twist to-
gether into two pairs; red with green, and black with white. It
is very important that this color coding be observed.

(i) Form an eye in the end of each pair and solder.

(j) Pull plug housing down over anchor plug as far as possible.
Length of conductors should be such that eyes project about one-
quarter inch out of plug housing.

(&) Several turns of suitable packing material should be in-
f.erlted in the gland and the gland nut screwed in and pulled up

ight.

(1) Place the thin leather washer over conductors and attach
conductors to plug terminals making sure that red and green pair
are connected to side terminal and black and white pair to center
terminal.

(m) Pour melted sealing compound or beeswax into open end
of housing to within 14 inch of plug seat.

(n) While the sealing compound is still soft, seat the jack
plug in plug housing making certain that thin leather washer is
properly situated on seat. Care must be taken to see that all
space in the plug housing is filled with the sealing compound.

(0) Screw in locking nut and pull up tight to complete the
assembly.

In case a bubble forms in the outer rubber covering of the
cable due to leakage of compressed air from the diver’s helmet, it
is not necessary to cut off the injured section of cable unless the
communication circuit is opened. The correct procedure is to
puncture the bubble and wrap the puncture with several layers of
rubber tape using plenty of rubber cement between layers. The
rubber tape should be covered with one layer of friction tape and
the whole patch then thoroughly shellacked. Before returning
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the cable to service after a repair, it is essential that the cable
jack plug be opened and inspected for leaks in the sealing com-
pound. If any are found, the plug should be resealed. A simiiar
inspection should be made of the telephone gooseneck fitting on the
helmet, and the necessary repairs made.

The receiver, transmitter, or loud speaker units of the standard
diving telephones are exceptionally rugged and unsusceptible to
trouble usually experienced with ordinary telephones from the
effect of moisture. Ordinarily, no serious damage is caused by
short submersions but continued submersion or continuous ex-
posure to moisture will result in corrosion of the metal parts and
the grounding or short circuiting of the coils.. If any of the units
should be accidentally submerged in salt water, they should be
washed out with fresh water and dried out by exposure to heat.
Care should be taken, however, that the applied heat is not suf-
ficient to burn the insulation of the wire. If any of the units be-
come inoperative due to collection of dirt, they should be care-
fully dismantled and cleaned. The diaphragms and pole pieces
especially should be kept free from dirt and sediment. After use
the units should be wiped dry with a clean rag to remove all
moisture before storing.

The packing of the diver’s air control valve should be c¢arefully
adjusted so that the valve works stifly enough to prevent its being
closed or opened accidentally but sufficiently free to be readily
manipulated by the diver even though wearing the two-finger rub-
ber diving glove.

The foregoing instructions for the care of No. 1 diving outfits.
are also applicable to the helmets, lead weights, diving air hose,
and hand-operated air pump comprising shallow-water diving out-
fits. Helmets should be frequently examined to insure that the
windows are intact and that the sealing strip and packing around
their edges are in place, in good condition, and wazertight. In
these outfits the only exhaust which the helmet has is the bottom
of the helmet. Consequently care should be taken to insure that
there are no air leaks in the portion of the helmet above the air
inlet connection. Leakage of air above the air-inlet connection
will require an air supply of greater pressure than is ordinarily
necessary to keep down the water level in the helmet. If the rate
of leakage above the water inlet is greater than the rate of flow
and pressure capacity of the pump, the water level in the helmet
cannot be kept down below the mouth and nose of the diver.

The air pump of the shallow-water diving outfit contains two
single-acting eylinders 334-inch bore by 4-inch stroke with a total
capacity of about 72 cubic inches. The use of shallow-water
diving outfits is permitted down to depths of 36 feet. The effi-
ciency of the pumps for delivering air at the pressure equivalent
to this depth with a reasonable factor of safety should be
frequently checked.

Diving gear shall not be disposed of by ships or by navy-yards
and stations except the navy yards, Mare Island and New York.
Diving gear which is considered no longer reliable or serviceable
shall be surveyed and turned in by ships to the nearest navy yard
for shipment to either the Mare Island Navy Yard or the Navy
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Yard, Brooklyn, N. Y., for survey and final disposition. When
received by these yards, such gear as can be economically repaired
shall be put in suitable condition for reissue and turned in to store.
Gear beyond economical repair shall be surveyed for sale.

In disposing of diving gear by sale or otherwise, the yards au-
thorized to do so should insure that the gear, especially the metal
parts such as helmets, diving pumps, test tanks, etc., cannot be
put in serviceable condition at a reasonable cost. For instance,
helmets may contain minor defects such as dents, a missing face-
plate, or a damaged gooseneck, etc., which, in the aggregate, would
appear sufficiently detrimental to further use as to warrant sur-
vey. However, dents in the helmet (unless the metal is cracked)
do not jeopardize the diver and they can readily be pressed out
to make a more presentable helmet. Faceplates are easily re-
newed and other individual fittings can be reinstalled at small
cost. A diving pump in its entirety is costly. Its fixed and mov-
ing metal parts are standard. If not available in store, they are
readily obtainable from the manufacturer of the pump.

The parts comprising diving outfits are title B material. The
allowance list of vessels list the number of complete outfits the
respective vessels are entitled to. Owing to the large number of
parts which comprise a standard diving outfit, the individual parts
are not listed in the allowance list. However, vessels are en-
titled to obtain such replacement parts for these outfits as may
be necessary to maintain the outfits in suitable condition at all
times, on “not in excess” requisitions submitted to the nearest
yard or station. If the yard or station to which such requisitions
are submitted has not the requested equipment available, it shall
be obtained from the Mare Island or New York Yard. Cost of
diving outfits and replacement parts, when obtained by ships
in commission, will ordinarily be charged to ship’s regular con-
struction and repair allotments.

In requisitioning diving gear, requisitions should contain nota-
tions as to the name-plate data, piece numbers or standard stock
numbers (if the particular part requested is listed in the Standard
Stock Catalog) to enable supply officers to identify the requested
equipment properly.

For the care, survey, and requisitioning of special diving equip-
ment not forming a part of standard diving outfits but which is
furnished vessels of certain categories, attention is invited to
chapter XIX,

REQUISITIONING OF DIVING GEAR

NOTES ON PATCHING AND REPAIRING DIVING
DRESSES AND ATTACHING CUFFS ANDGLOVES.
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GLOVE PALM SECTION
SECOND FORM OF GLOYES WITH HAND SLIGHTLY CUPPED
Pattern, glove patching—Glove palm section I.

NOTES ON PATCHING AND REPAIRING DIVING
DRESSES AND ATTACHING CUFFS AND GLOVYES.

NSIDE FOR LEFT HAND
: BACK FOR RIGHT HAND

REVERSE

INSIDE FOR RIGHT HAND.
BACK FOR LEFT HAND

PATCH FOR GLOVE THUMB.

PrLATE 79.—Pattern glove patching—Patch for glove thumb.
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STRIP FOR SECURING GLOYE OR CUFF TO SLEEVE.

PrLATE 80.—Pattern, strip for securing glove or cuff to sleeve and wood
plug for holding sleeve.

NOTES ON PATCHING AND REPAIRING DIVING
DRESSES AND ATTACHING CUFFS AND GLOVES.
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TO SCALE

PraTE 81-A.—Gasoline-driven ‘air compressor.
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PraTe 81A.—Gasoline-driven air compressor.
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CHAPTER VII
PHYSICS OF DIVING

1. In the study of diving and its effect upon the human body,

it is important to consider some of the physical properties and “'

laws governing the behavior of gases and water.

Boyle’s law states that at a constant temperature the volumne |
of a gas varies inversely as the pressure (absolute), while the ‘

density varies directly as the pressure. That is, an increase of
pressure on a gas decreases its volume and increases its density
directly proportional to the pressure applied, and vice versa. If
the pressure is doubled, the volume will be decreased one-half ; it
tripled the volume will be decreased to one-third, ete.

Charles’ law states that at a constant pressure, the volume of
a gas varies directly as the absolute temperature. That is, as the
temperature increases, the volume increases and vice versa.
When considering the centigrade secale, the volume of a gas varies
14673 of its volume at 0° C. for every variation of 1° C. When
considering the Fahrenheit scale the volume of a gas varies 1;491'
of its volume at 0° F, for every variation of 1° F.

Oxygen is a colorless, tasteless, odorless gas occurring in the
free state in the atmosphere, of which it forms about 21 percent
by volume. It is essential in maintenance of life. At atmospheric
pressure, approximately one-fifth of the oxygen in each breath is
absorbed by the body. More oxygen is necessary when a person
is active than when at rest. A person exercising violently may
require as high as 10 times as much oxygen as when completely
at rest. The increased quantity is provided by deeper and faster
breathing. The tissues of the body absorb a higher percentage
of oxygen which is circulating in the blood when a person is ex-
ercising. More oxygen is required when the large muscles of the
body, those of the legs for example, are doing work, than required
when smaller muscles only are in active use. A person at rest at
atmospheric pressure (sea level) is unable to absorb a sufficient
amount of oxygen when the percentage falls below 13 percent, and
unconsciousness usually occurs at 9 or 10 percent or at higher per-
centages—depending on the activity of the person. Oxygen de-
ficiency usually is unaccompanied by warning symptoms. Its lack
deadens the faculties, and a person not infrequently becomes un-
conscious without realizing anything is wrong. It must be re-
membered that it is the partial pressure of oxygen in the at-
mosphere that sustains life—that is, air, being composed of about
21 percent oxygen, exerts one-fifth of an atmosphere oxygen pres-
sure at sea level. At 10 atmospheres pressure, equivalent to a
depth of approximately 300 feet, the oxygen in the air supplied
the diver being one-fifth would exert two atmospheres of oxygen
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pressure or 200 percent. Likewise above sea level, the oxygen
pressure in the air is reduced, the reduction being in ratio with
the altitude. In other words, under excess pressures there is
actually more oxygen in every cubic foot of air than there is in
Conversely, there is less oxygen in every
cubic foot of air in the atmosphere above sea level. Obviously,
therefore, a human being could not survive at high altitudes with
as low a percentage of oxygen as at sea level. On the other hand,
less percentages than those mentioned would be adequate below
sea level.

Nitrogen is a noninflammable, colorless, gaseous, nonmetallic
element, tasteless and odorless. While it forms about 80 percent
of the atmosphere, in its free state, it will not support life. Hy-

| drogen in its pure state, is a colorless, tasteless, odorless gas. It

SR S

is the lightest known substance, being %29 the weight of air and
about 141000 the weight of water. It is inflammable and explosive.
These two gases as occurring in the atmosphere have no effect on
the human body other than to dilute the oxygen as well as carbon
dioxide and any other gases that may be present.

Carbon dioxide, sometimes called “carbonic-acid gas” consists
of one part of carbon chemically combined with two parts of
oxygen to form an odorless, colorless, transparent gas with a
slightly acid taste. It can be reduced to solid state by intense
cold and to liquid by pressure. Being much heavier than air, in-
ert and dielectric, it is an efficient extinguisher of oil and gasoline
fires, the gas blanketing the flame and cutting off contact with air,
hence excluding the oxygen essential to combustion. It is usually
liberated in nature by combustion (including slow decomposi-
tion of vegetable and animal matter) and by the breathing of ani-
mals. Oxygen taken into the lungs combines in the body with
carbon, which is derived from food, and this chemical combina-
tion generates the heat which maintains body temperature. The
resultant carbon dioxide is given off through the lungs and passes
out with the breath.

Carbon dioxide, when breathed in high concentrations, is as-
phyxiating. When air is breathed, as, for example, in a confined
space which is being inadequately ventilated, the carbon dioxide
exhaled by the diver gradually builds up in the space, causing
headache and other symptoms. When the proportion of carbon
dioxide rises to approximately 5 percent and the air in such space
is at atmospheric pressure, a person experiences distinet panting.
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With 8 percent the difficulty in breathing becomes distressing.

Unconsciousness usually occurs when the percentages reach 10
percent. The increase in the depth and rapidity of breathing is
caused by the increased amount of carbon dioxide accumulating
in the blood and acting upon the respiratory center in the brain.
1t is by this means that the body secures the increased amount of
oxygen needed and eliminates the excess of carbon dioxide. The
need for oxygen does not directly affect the breathing. It is the
presence of too much carbon dioxide in the blood that causes the
deeper breathing and finally panting as the percentage of carbon
dioxide increases. A person thus has some warning when the
proportion of carbon dioxide is gradually increasing, although de-
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pendence for safety should not be placed upon this but proper
me'asures taken to insure that detrimental concentrations do not
bllrlld up in the spaces which are being breathed in or from.

l‘l?e foregoing pertains to the effects of carbon dioxide on the
respiratory system under atmospheric pressure. Its effects un-
d;}r)excess pressure are discussed in chapter IX (Diver’s air sup-
ply).

Water (pure) consists of two parts hydrogen and one part of
oxygefl. It is a colorless, tasteless, transparent liquid and is al-
most incompressible. At its maximum density (39° F.) it is a
standa}rd for measuring specific gravities of all liquids and solids,
i gubfc centimeter of pure distilled water at this temperature‘
We.lghlllg 1 gram. Pure water freezes at 32° T. (0° C.) and
pous at 212° F, (100° C.). Besides having other values, it is an
important ingredient in the tissues of animals and pl::mts the
human body containing about two-thirds its weight of watel:

Normal air (the atmosphere we breathe) is a simple mix'ture
(not a chemical combination) of the gases described above with
traces of hydrogen and certain other rare gases. It is compres-

sible. The proportions of the mai i
ain constituents -
mately as follows : Sl

Percent by
i -Nitrogen: (approximately) = = 8 o Sl Lom?;
Oxygen (approximately)_______________-_____— 20.96
Carbon dioxide (approximately) _____________ :04

I*?xpired air varies in composition with the depth of the expira-
tion fn.xd with ‘the composition of the air inspired. Under normal
conditions expired air contains in volume percent :

e ; Percent
Nitrogen (approximately)___________ 79
Oxygen (approximately)_____________ ==16:02

Th.at is, expired air loses about 4.94 volume percent of oxygen and
gains 4.34 percent carbon dioxide. The difference in the oxygen
absorbed and the carbon dioxide (CO:) excreted is explained by
the fact. that in the physiological process of the body some of the
oxygen is absorbed by the body, not only to oxidize carbon but also
to combine with some of the hydrogen of the food and is con-
Sequently secreted as water.

Atmospheric pressure is the pressure exerted by the weight of
!:he atmosphere and is equal, at sea level, to 14.7 pounds per square
inch. A column of mercury 30 incheg high, a column of sea water
33 feet high, or a column of fresh water 34 feet high, each, also
exert a pressure of 14.7 pounds per square inch, or 1 atmosp,here
pressure at the bottom of their respective columns. '

The term “atmospheres” as used herein means atmospheres of
pressEu‘e and is the number of times 14.7 pounds per square inch is
contained in the total pounds pressure per square inch involved
Thus 29.4 pounds pressure per square inch will equal (29.4-+14 7).
2 atmospheres pressure ; 44.1 pounds pressure per square inch v\;ill
equal 3 atmospheres, etc. To convert atmospheres pressure into
pounds pressure per square inch, multiply the number of atmos-

pheres pressure by the constant 14.7. '

PHYSICS OF DIVING

Absolute pressure is the pressure above a perfect vacuum. It

' is the gage pressure plus atmospheric pressure and is equal to

14.7 pounds plus excess pressure. Thus a diver working at a
depth of 33 feet under water, the equivalent pressure of one at-
mosphere, would be exposed to an absolute pressure of 29.4

. pounds per square inch.

' also indicate the corresponding depth of water in feet.

The gages used in diving do not record atmospheric pressure,
but do record the pressure above atmospheric pressure. They
If a length
of air hose be attached to a diving pump, the free end of the
hose lowered under water and the pump operated, the gage on
the pump will indicate the pressure of water and depth of water
at the point to which the end of the hose has been submerged.
Hence, this procedure provides an accurate means of determin-
ing depth and pressure of water or, if the depth is known, a con-
venient method for checking the accuracy of the gage.

1t is obvious that if a tank be filled with water, the bottom of
the tank has to support the whole weight of water, but the top
has no weight of water to support. The pressure, therefore, on
the bottom will be greater than the pressure on the top by an
amount equal to the weight of the water in the tank. It is also
obvious that the higher the sides of the tank are raised, still keep-
ing it filled, the greater the weight or pressure becomes on the
bottom. If the sides of the tank are extended to 33 feet and the
tank filled with sea water, the pressure on the bottom due to the
weight of water would be equal to that of the atmosphere, or
14.7 pounds per square inch; however, as the atmosphere is also
pressing down on top of the column of water, the absolute pres-
sure on the bottom will be 14.7 pounds due to weight of water,
plus 14.7 pounds due to the atmosphere, or a total of 29.4 pounds
per square inch absolute pressure. Every foot in height of sea
water produces an excess pressure of 0.445 (or 143X14.7) pounds
or a little under one-half pound per square jnch. The same holds
true when considering the pressure on a body immersed in water.
Any such body may be looked on as having the column of water
between it and the surface pressing down all round it. This
pressure is transmitted to it in the form of a squeeze. If the
body has appreciable length, such as a diver standing upright,
there is less pressure upon the top of the body than at its bottom.
Therefore, in the case of the diver, there is less pressure on his
helmet than on his shoes. If the diver is 6 feet tall, there will
be about 3 pounds per square inch less pressure on his helmet
than on his shoes, whatever the depth of water he may happen
to be in.

A body submerged in a liquid is buoyed upward by a vertical
force equal to the weight of liquid that the body displaces. The

volume of the liquid displaced equals the volume of the body, and
the upward pressure equals 62.5 pounds in fresh water, or 84
pounds in sea water, for each cubic foot of the volume of the
submerged body. With the diving suit distended by air, the
r displaced is greater than the combined weight

weight of the wate
As a result, the dress, helmet, and

of the suit, helmet, and diver.

diver are of positive buoyancy and the diver is unable to descend.
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To overcome his positive buoyancy, weights are attached to the
diver’s dress in the form of a weighted belt and weighted shoes,
giving the diver negative buoyancy. Ordinarily, only sufficient
weight is added to overcome the positive buoyance with the diy-
ing dress moderately distended by air. Therefore, if the dress
is overinflated when the diver is submerged, he acquires positive
buoyancy. If this buoyancy is not reduced to the negative side,
the diver is unable to remain on the bottom. In rising, the buoy-
ancy will be increased, due to the diminished water pressure and
the expansion of the air within the elastie dress, and his speed
of ascent will be accelerated. Being carried to the surface in this
manner is known as “blowing up.”

If, through carelessness or culpable neglect, a diver should be

permitted to fall an appreciable distance under water, there would
be a sudden increase of water pressure, and, if there should fail
to be a sudden increase of air pressure, the helmet escape valve
would be seated, the air within the dress would be compressed and
forced from it into the noncompressible helmet, the volume di-
minishing with the increased pressure (Boyle's law). If this vol-
ume of air does not fill the helmet and equal the pressure of water
at the depth to which the diver’s body has fallen, the excess pres-
sure exerted on the diver’s body will tend to drive it into the
helmet. The result is most apt to be a serious injury or im-
mediate death for the diver. Falls from shallow to deeper depths
are the most serious, as the relative difference in pressures is
greater. This may be explained by the following :

If a diver at the surface, in 14.7 pounds pressure to the square
inch (absolute), should fall 33 feet under water, every square inch
of his body would have an additional pressure of 14.7 pounds,
or 29.4 pounds absolute pressure, suddenly applied to it, a pro-
portion of 2 to 1 over the pressure in the helmet. As the average
body has an area of about 2,000 square inches, the total force
exerted on the diver’s body and tending to drive him into the
rigid helmet would be several tons. If, under the same condi-
tions, the diver should have fallen from the surface to a depth
of 66 feet under water, the increase in absolute pressure would
have been trebled instead of merely doubled, so from the fore-
going it is clear that a long fall from a shallow depth would re-
sult in a fatal squeeze for the diver. Falls from moderate depths
to deeper depths under water are not apt to be as serious as falls
from shallow depths. In a fall from the surface to 33 feet the
relative difference in pressure is as 1 is to 2 (atmospheres) or
doubled, while in a fall from 165 feet to 198 feet the relative dif-
ference in pressure on the body is increased only one-sixth.
The effect of a fall under water is known as a “squeeze.”

As air is compressed its temperature increases rapidly, but this
can be disregarded, for radiation through air reservoirs, conduits,
and the rapid cooling induced by its transit through the diving
hose to the diver reduces the temperature to or below the tem-
perature of the surrounding sea water. This fact sometimes
necessitates special measures in cold weather diving, to prevent
the clogging of the air line due to freezing of moisture in the
diver’s air hose. This is further discussed under Chapter IX,
“Diver’s air supply.”

CHAPTER VIII
DIVING PLANNING AND ARRANGING

When diving is to be undertaken, the commanding officer of the Planning.

vessel shall be informed. A general plan of procedure 'shall be
decided upon and the necessary officers, including a medical .oﬁi-
cer, and sufficient men to handle any emergency shall.be detailed
and an effort made to conduct the operations with dispatch and
efficiency. An officer qualified in deep-sea divin.g should be placed
in charge of the diving operations and the divers. If.' .such .an
officer or warrant officer is not available, an officer familiar 'W'lth
the principles of diving should be placed in charge. If the diving
is to be done from a diving launch, a dinghy o'r other small boat,
properly manned and equipped, should be aSS}gne(.i as te‘nde.r t.o
the diving launch, if in the opinion of the officer in charge it is
rqul)lil\l:g?é‘ work is no exception to the general rule that a tasl'{ is
more efficiently performed when the work involved has' been Yplop—
erly studied and planned and preliminary work done in ad\'anc;e.
In diving operations the procedure which proves most efteclt’lvg1 st
.the one which provides for the maximum amount of \VOI‘\“ a
can be done on the surface to be performed by the surface Luta;;v,
with a commensurate minimum amount to-be performed by the
diver on the bottom. Accordingly, in planning the work the ptr}i:
cedure decided upon should be that Whic'h. x‘lot o.nly redu:es to,
diver’s work to a minimum, but which limits his opel:a 1onsder
tasks which can be performed within a reasonable period un
iti involved. :
th?l‘kfzng;zlczzz lor'lfvpast Navy salvage operations v&tas cox?tr.lbutf;l‘
to considerably by the manner in which operatxo.ni \\teilew[;rk
liminarily planned and the vario.us p:atssse(;fc ltlhe(zl ii\irrelf'lcoiagi By
i L definite task assigne A
(Ii?wl'irs.utTr;;: not only systematized the work but the‘bsneﬁt:v ;l:e
rived from the competitive spiritfc:ﬁatgg (l:grs tél;o I;l)ré);; pl;:ion o
i ental attitude o e div
:leagetc;;i ler\lret: ihxf)lugh the required dive was of less than standard
i epth. 3 5
dug’?"i:g)ln tfl(l); tfl:)erggo[;ng as essential 1'equisit'es, the sﬁtlsfacltiocz
prosecution of underwater work may be contributed to by app

i f the following rules: ; ; _
thZ\ a‘)J Work night and day, while weather permits, provided suffi

i divers are available. . :
me(n bt) Use good judgment, based upon consideration of the advice

and commands of the diving supervisors, checked constantly with

i ini the amount and kind
bein rformed, in determlmng' :
falibir ihpfask, and in picking the divers for the tasks.
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(c) Prepare and assign the tasks and give the divers instrue-
tions well in advance. This enables the diver to think over the
task and as a result he may offer suggestions or ask questions
which may lead to a better accomplishment of the task.

(d) A diver may often, unintentionally, overestimate his ability
to accomplish underwater work. His suggestions should be given
thorough consideration, but tempered by the judgment of those
in charge.

(¢) Each diver of a group, in addition to his own specific in-
struetions, should be given, at least, a general idea of what tasks
the other divers of the group are to perform.

(f) Final instructions must be given to each diver, and to the
group, by one person only if confusion and delay are to be
avoided.

(9) If, as frequently occurs, the diver forgets part of his in-
structions, he must immediately ask advice from the diving super-
visor; hence the diving supervisor must, during diving operations,
be immediately available.

(k) When a diver is on the bottom, it is inadvisable to alter
the prearranged task; consequently, should a change in procedure
be deemed necessary, it is better to instruct and send down a
new diver to replace him.

(4) Care should be exercised in evaluating the information ob-
tained during an observation dive because the opportunity for ob-
serving conditions below the surface is limited. Therefore, it is
well to base any plan of salvage operations upon the combined re-
ports of several divers. In addition to the verbal reports, it is
of value to have underwater sketches of the damage, made on a
slate and whenever possible, actual measurements should be made

(4) Several lines of procedure should be planned so that if one
method fails in practice, alternative methods will be available.

Rescue and ship salvage operations can be performed oniy with
proper type vessels properly equipped with necessary gear and a
crew of efficient, qualified divers. The Navy vessels which are
u.sed for this purpose are converted mine sweepers, which, in ad-
fhtion to standard diving outfits, are provided with special div-
Ing and ship salvage gear described in chapter XIX. Work of
this nature requires the mooring of the vessel over or approxi-
mately over the submerged wreck and safe diving operations
depend upon the security of the moorings. The gear furnished is
adequate for mooring these vessels under the normal conditions of
weat.her and depth that permit diving. The mooring gear should
be given a minute inspection before mooring and when divers are
d0.Wn a continuous watch should be placed to insure against any
shifting of the moorings or veering of the vessel that would en-
danger the diver. Diving lines should have sufficient slack to
g}lard against this contingency. In sudden squalls, heavy seas,
tide, or any other condition which, in the opinion of the command-
ing officer, jeopardizes the security of the moorings, the divers
should be brought up and diving discontinued until more favorable
conditions obtain,

: Experience has indicated that with the preesnt limitations in
the art of diving, the number of divers that can be submerged
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simultaneously and perform effective salvage or rescue work on
submerged wrecks is limited. In past submarine salvage opera-
tions, it has been the practice to work the divers in relays of two
or three, and where conditions permit, it is desirable to adhere to
this practice in any future salvage or rescue operations. How-
ever, it must be remembered that the greater the number of divers
submerged, the greater the possibility of entanglement of the
larger number of lines involved, and that for continuous diving
in deep depths, this number would be multiplied by the lines of
divers decompressing in the water simultaneously with those
working on the bottom. Accordingly, the number of divers which
can safely be submerged simultaneously will depend upon depth
of water and nature of the bottom, the ship’s facilities for han-
dling the divers over each side, and the practicability of this pro-
cedure under attendant conditions, the freedom of the wreck from
debris, and the conditions of the weather and sea. Based on a
consideration of these factors, the number of divers that may be
submerged simultaneously shall be governed by the discretion of
the officer in charge of the operations. ?

In planning the work of divers, arrangements should be such
as to preclude any necessity for their stay on the bottom in excess
of the optimum time of exposure listed in table 1, chapter XIYV.

Usually there is much less tide on the bottom than at the sur-
face. Consequently, although the surface tide may seem strong,
it may be advantageous to attempt diving, provided the surface
tide is not such as to endanger the moorings. If the velocity of
the current is over 114 knots, the diver should wear additional
weights. A descending line must always be used for descents and
ascents.

While all diving involved in submarine salvage work is now
conducted from ships especially equipped with compressed-air sys-
tems, routine diving operations such as salvage of lost ground
tackle, examination of ships’ bottoms, lost torpedoes, airplane
salvage, etc., engaged in by other classes of ships in general are
performed with air derived from manually-operated air pumps.

In rigging a diving air pump preparatory to diving operations,
the nuts on the pump wheels and handles should be tightened by a
wrench, and the pump tried to ascertain if it is working properly.
Before starting to use the pump, see that each and every bearing
is properly jiled. Water must be occasionally supplied to the
cistern to keep the cylinders cool during operation. The diver’s
air hose should not be connected directly to the delivery nozzle of
a diving pump, but instead to an oil separator.

When air is required for two divers, the pump’s control lever
should be placed to the left-hand side, marked “One cylinder,”
but when only one diver is to be supplied with air in deep water,
the lever should be placed on the right-hand side marked “Two
cylinders.” It is advisable to have two pumps rigged and ready

for use, if they are available. ‘ ; ;
The following accidents have happened while pumping air to

divers:
(a) Pump capsized during a sudden sguall; not secured prop-

erly.
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(b) Pump handle securing nut worked loose and fell off.

(¢) Pump wheel securing nut worked off.

(d) Piston backed off end of rod far enough to stop pump.

(.6) Pump cover slammed shut, causing oil cam and wrench
which had been left inside the cover to fall into the pump and
jam it.

( f') Due to faulty gasket, water leaked out of the water cistern,
causing the air to become hot and the diver forced to ascend;
diver much distressed.

(g) Transfer valve assembled wrong thereby causing distress
to diver.

(h) Valve broken in pump thereby causing increased loss of
efficiency.

: (7) Wrong kind of oil used in pump’s cylinders, thereby caus-
ing the diver to become nauseated.

(j) Excessive piston leakage ; divers brought to the surface un-
conscious.

(Ic.) Air reservoir cover gaskets defective, thereby causing loss
of air and distress to the diver.

Whenever practicable, diving from manually-operated air pumps
ghould be carried out from a motor launch. All motor launches
in service are fitted with pad eyes (see pl. 82) for hooking in
Fhe hook ends of the turnbuckles for securing the diving air pump
in operating position. If there are any cases in which such pad
eyes are not fitted, they should be installed by the ship’s force.
l‘.he pad eyes must be placed forward in the boat so that the
diving air pump may be secured so as to leave room for the

pumping crew to operate the pump. The pumping crew then will

not be in the way of the diver and the men attending him, nor
interfere with their view of the pump gages, which should face aft.
The pump must always be rigidly secured in place to prevent it
from capsizing in case of a sudden wash or unexpected change in
weather.

‘When using the new gasoline driven air compressor in motor
launches, care should be taken that the compressor is well secured
and that it is in good mechanical condition. The instructions
contained in each outfit should be closely adhered to at all times.
The depths to which diving is limited is given in each instruction
book and should not be exceeded. These compressors have been
thoroughly tested and will be found to meet the requirements of
a diver’s air supply if used as intended, which is as a substitute
for the hand pump. -

The employment of compressed air for diving has numerous
advantages over the air supplied from manually-operated air
pumps, as it affords a constant and uniform supply at all depths.
The diver’s work is made much easier and safer as he has in-
stant control of his air supply. The labor of pumping is dis-
pensed with and fewer men are required in the diving party, thus
providing more room in the diving launch. Consequently, when
a .motor launch is available and can be devoted to diving purposes
without interfering with its use as a general working boat, the
necessary fittings, chocks, ete., should be fitted so that four tor-
pedo air flasks may-be neatly stowed under the thwarts for use

' in lieu of the diving pump for supplying air to divers.
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The neces-
sary high-pressure copper air tubing, connections, etc., must be
fitted for connecting the torpedo air flasks to the testing tank in
accordance with the arrangement shown on plate 85.

When torpedo air flasks are used, the exercise heads, after-
bodies, and delicate parts of the torpedo mechanism should be
removed from the flasks; outlets not needed should be blanked
off, ete.

Prior to being used for diving, the air flasks should be thor-
oughly cleaned inside of any rust, dirt, oil, or grease which would
be apt to contaminate the air contained in them. All tanks sup-
plied for this purpose shall be stamped “Not to be charged over
— pounds” (usually 1,000 pounds). In recharging the tanks, the
pressure should never exceed this stamped rated capacity.

When diving with compressed air from torpedo air flasks,
plate 85, the torpedo stop valves on the flask from which air
is to be used by the divers shall be opened and left open during
the time the diver's helmet is being WOrL. The diver’s air sup-
ply shall be drawn directly from the testing tank, in which the
air shall be very carefully maintained at the pressure prescribed
by the officer in charge.

The piping to the testing tank shall always be so arranged that,
in the case of the failure of one valve the high-pressure air may
be controlled by a duplicate valve. In no case shall a reducing
or automatic valve of any kind be placed in the air line between
the diver and the test tank.

In planning for the use of a diving launch, sufficient men should

be detailed to manage the launch independent of the men required

to man the diving pump (if used), or to operate the air system
if from torpedo air flasks, and for attendants to the diver. The
following equipment must be in the diving launch before it is per-
mitted to leave the shore or immediate vicinity of the ship:
The required number of torpedo air flasks, fully charged, and
essary connectioné and special tools. If a diving air pump

all nec
plete, in working order, and properly

is to be used, it must be com

secured.
Complete diving outfits for two divers.
Tool box containing air hose, wrench and washers, wing nuts,

ete.
Spare washers for air hose.

Spare rubber wrist rings.

Descending line and distance line.

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

Diving Manual.

Decompression stage.

Decompression tables.

Slate with pencil attached.

Red diving flag on staff.

Lead line.

Stadimeter or sextant.

Boat's diving anchor gear with extr
Jackknives.

4 anchor for bow and stern.
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10-foot probe made of 14-inch pipe.

Steel tape measure and 6-foot rule.

Boat’s compass.

Hand flags for signaling.

Boat box.

Boat medical outfit,

Binoculars.

A watch for timing divers.

Long heaving line.

Several large shackles.

A coil of small stuff (marline) for lashings.

A luff tackle.

Drinking water.

Other special gear as necessary.

Bucket of soapy water if dress without gloves is used,

Blueprint or sketch of job.

In planning for emergency repairs to the hulls of vesselg, the
following items should be on hand: Velocity power tools, col-
lision mats, patent leak stoppers, mattresses, canvas, swabs, cot-
ton waste, caulking, wooden wedges, mild steel plate for small
holes, hook-bolts, soft grommets made by tow and tallow kneaded
together and parceled round with cloth, rubber gaskets, ample
supply of planking for large holes, wire cable, bungs, wooden
plugs for closing valve openings, and wire brushes and prickers
for use in cleaning valve gratings.

RONT VIEW

—

‘n

1
: E 4
seet |
i |
=
~ t

- ] S FRAmE
IVING PUMP

(TRANSVERSE VIEW OF BOKT.)

\
|

0

s ek

!

BLOCKING ,3"E3312°
YELLOW PINE.

SISTER HOOKS,DIE 154 G

) TURNBUCKLE VIE*Z‘BQ

o3 74 ; — B
3 1{ P ‘—’;7; =

L e —
T

—atde

=171

L] R

T
vl

A Y

KK
R

TOPVIEW OF PUMP

(PLAH VIEW OF ﬂaxrz,

FRAMES SPACED /€,

i

(LONG L VIEW OF GOA!
VUG
Vv

L0
-18, 51D V.8,
" [rM. turERD,
*LONg

sisTER ook s pIEFISEG.

7 ﬂ??/’//]/ 7////

_L___‘

N

7
Z
Z
$4 TEAR
s \%9 Q)
T8 not & wasuee
N s eFoRr
‘I ; ‘ CUaCK 15 RIVETED TO
T % T YoM OF BOAT.
AL Ll | %' R THreAD B Long.
FROM WORK. 25
E£T END o
AR LB

%coPPER RIVETS THRU
i ry

L LO.

COPPER WASHERS, C'SK.

;)
S e
\)\: &5
DETAIL OF HOLDING TACKLE
AND THOCK
TYRE PLAN
INSTALLATION OF DIVIN_QJUMP
IN LAUNCH

PraTe 83.—Type plan—Inst:

646428—45—No. 1

allation of diving pump in launch.

(Face p. 134)




LOW PRESSURE
AVUGE

DIVING HOS
YO MANIFOLD

MANIFOLD.

AIR FLASK

AIR FLASK
AIR FLASK

AIR FLASK

CHARGING P\PE

GHARGING PIPE

HIGH PRESSURE GAUGE

STANDARD CHARG) PiPE
. FLEXIBLE cOPPER JUBE{ |

N

TO LOW PRESSURE TANK wiet peussore gaudl

SAILIN
cH.

1

LASK
i

ZI'TORPE:QO AR ¥
D)

SK
)

T
I
)

21" ToORPEDG |AIR FLA
!

1
)
21" TORPEDQ AIR FL.

[ A

'
o

i3

L

VALNESD.

Low PRESSURE GAV
CHECK VALVE STAMDARD LOW PRE 33!
TANK | CU.FT. CAPACITY,
PIAGRAM OF 100 LBS. PER S&.t1MN

CONNECTIONS. e

MANIFOLD.
\ ‘FITT; WATH
JoPIVER PLUE CACKS

ARRANGEMENT OF AIR FLASKS
AND CONNECTIONS FOR DIVERS,

IN LAUNCHES

CABLE & HOSE,
10 DAVER.

PWERS TELEPHONES

Prate 85.—Arrangement of air flasks and connection for divers in motor 1

aunches.
646428—45—No.2 (Facep.134)




DIVING PLANNING AND ARRANGING 135 1

Sl o )
% RAD™Y z%"om.
" = 8"
|3 DIA. 25 SDIA.
H 5 HOoL [T\e., ¥ \
' Y swive -g;."-'-l-*
= J, 2[5y
LV 1 i
0 s’ ‘“
T 5 - =1
8 3" |89 s
" z : ﬂ-
’i""‘ ey | —iee
I
B
. = mit
Ya'- 1o e2 /. = [ -
PER INCH,U.S.ST'D, < __L___]L
RIGHT HAND. l
‘g"[OIA. |{
O L 3
3 ] % DIA
lzo 157 1 DIA
- 1o lig :
A 4
16 % ‘—lﬂ‘ o] i
™ 8
12 TN
wnlco
— rt=
TURNBUCKLE FOR SECURING DIVING PUMPS
IN LAUNCH.
WROT |IRON (GALV).
PraTe 82.—Turnbuckle for securing diving pumps in launch.




136

DIVING MANUAL

"

100" BETWEEN muw

‘J-»rr«

40-0" 10 sdRFAce

&-0"

PLATE 84.—Arrangement of diving 1

zu-ld.er, decompression stage, and descending line on
diving launch.

CHAPTER IX
DIVER’S AIR SUPPLY (NORMAL AIR)

per minute. The breathing is so regulated as to keep the partial
pressure of alveolar CO. steady at about 5.25 percent of an at-
mosphere though the volume percent under conditions of varied
barometric pressure differs widely; this means that at rest and
at normal atmospheric pressure the alveolar CO:z is maintained
at about 40 mm. mercury, since 40 is 5.25 percent of 760. If the
alveolar CO: pressure falls, breathing is diminished, and if it
rises, the breathing is increased. Moderate work increases the
CO: secreted by the lungs three or four times and hard work six
to eight times the normal resting amount, and therefore the air
breathed is consequently increased. Hence, it is the partial
pressure of the alveolar CO: that regulates the breathing.

When the inspired air at normal atmospheric pressure con-
tains 3 percent by volume of CO the breathing begins to be
noticeably increased; 6 percent causes distress, and 10 percent
or more unconsciousness. The physiological action of gases pres-
ent in the air breathed depends on their partial pressure. Hence,
the volume percent of CO: in the inspired air that can be tolerated
is inversely proportional to the absolute pressure. Thus, at a
depth of 264 feet, or 9 atmospheres absolute, three-ninths of 1 per-
cent, or 0.33 percent COs; by volume, would have the same physi-
ological effect as 3 percent CO: would have at the surface.

The average adult man at rest produces about 0.014 cubic foot
of CO. per minute (measured at atmospheric pressure). The
diver at rest produces about 0.019 cubic foot per minute and svhen
performing moderately hard work, about 0.045 cubic foot of CO:
per minute (measured at atmospheric pressure). As the diver
is constantly exhaling CO: into the helmet, it is evident that
unless the helmet is ventilated constantly with fresh air in suf-

ficient quantity, he would soon suffer from the effects of an ac-

cumulation of COa.
Since 3 percent CO: at atmospheric pressure is about the max-

imum that ean be tolerated without distress, it is essential that
the equivalent of this percentage under the partial pressures in
the helmet should not be exceeded. To keep the CO. content of
the helmet within this maximum permissible percentage, a mini-
mum air supply of 1.5 cubic feet per minute (measured at the
absolute pressure to which the dive is made) is necessary. Since,
according to Boyle’s law, the volume of a gas is inversely propor-
tional to the pressure, the air supply measured at the surface
must be increased in proportion to the absolute pressure. Since
each 33 feet of sea water exercises a pressure of 1 atmosphere,

646428—45——10

The average man at rest breathes about 0.25 cubic foot of alr Breathing.

Ventilation.
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the air supply measured at the surface must be increased one
thirty-third for each foot dived. Using the reciprocal 0.0303,
the minimum air supply for any depth may be calculated: S=
1.5(1-+F(0.0303) ), in which S is the required air supply in cubie¢
feet measured at the surface, and F is the number of feet the
diver is below the surface. Better ventilation than this is im-
perative, however, and arrangements should be made for supply-
ing three times this quantity of air per minute.

Exclusive of self-contained diving apparatus, there are the fol-
lowing four methods of ventilation of the diver’s helmet:

1. Supplying air up to 2,500 pounds per square inch from high-
pressure accumulators, i. e., torpedo air flasks or other accumu-
lators.

2. Supplying air up to 400 pounds per square inch from low-
pressure accumulators charged or charging them by power-driven
compressors. Such low-pressure supply includes the battery gas-
ejector system or low-pressure receivers. Submarine rescue ves-
sels are equipped with this type air system and with a high-
pressure stand-by system such as noted in subparagraph 1.

3. With air from hand-operated air pumps.

4. Portable gasdline driven air compressors.

When diving operations are to be conducted from a vessel,
using the vessel itself as a diving platform, the necessary alr
connections for the divers may be made directly to either the
vessel’s high- or low-pressure air installation. In any case, when
diving is to be conducted in this manner, the diving hose shall
be connected directly to the outlet nipple on the expansion tank
(reservoir), and the inlet connection shall be made of piping.
Only high-pressure piping shall be used when high-pressure air
is to be utilized and, in every case, a suitable pressure-indicating
gage shall be installed—temporarily if necessary—so that the
pressure in the air-supply pipe line will be indicated to the diver’s
attendants. The actual air pressure in the diver’s air hose, how-
ever, will be indicated by the low-pressure gage on the testing
tank.

When diving with compressed air from torpedo flasks (pl. 85),
the torpedo stop valves on the flask, from which air is to be used,
shall be opened and left open during the time the helmet is be-
ing worn by the diver. The diver’s air supply shall be taken
directly from the testing tank, and the pressure of the air therein
shall be prescribed by the officer in charge. This same general
procedure shall be followed when diving is undertaken with com-
pressed air furnished from other air reservoirs. The piping to
the testing tank shall always be arranged so that in case of
failure of one valve, the high-pressure air may be controlled by

a duplicate valve.

When diving operations are to be conducted from a vessel carry-
ing torpedoes, a convenient air réservoir can be obtained by con-
necting three or more torpedo flasks to the regular torpedo charg-
ing line, and opening the stop valves on these flasks, thus per-
mitting the air to back through the line. This arrangement pro-
vides an air reservoir equal to the capacity of the flasks so con-
nected. Then the diving air line should be connected, in the most

DIVER'S AIR SUPPLY (NORMAL AIR)

convenient manner, to the charging line; care being taken to
duplicate the previously mentioned double-valve controlling fea-
ture. Since these torpedo flasks may also be connected directly
to the compressor, it is evident that the air pressure in the flasks
may be raised and held to capacity by operating the compressor.
When diving at a depth over 120 feet from a small boat and
using torpedo air flasks, a relief diving boat shall be equipped
fully and kept ready for emergency use. Also, not more than
two divers shall be permitted to dive from the same boat. When .
the diver’'s air is supplied from torpedo air flasks, at least three
or more flasks must be connected, ready for use, one flask to be
held in reserve. The pressure in the working flasks, as indicated
on the high-pressure gage, shall not be permitted to fall b_elow
220 pounds per square inch in excess of that at which the .dlvers
are working while on the bottom. If the gage pressure in the
flasks approaches 220 pounds, the divers should be brought up.
After they are clear of the bottom and safely on their way towarﬁd
the surface, the reserve flask may be used. An exception to. this
rule will be permitted if there is available an additional, inde-
pendent air supply which can be connected immediately to the
i r manifold.
dl‘;’gz :;ilration of air supply from an air flask may be calculated

according to the following formula :

C(A—(15+E+1))

45D E+1) :
C=Capa(city of one air flask in cubic feet.

A=Atmospheres pressure of air in flask (pounds per square
inch divided by 14.7).
E—Pressure in atmospheres to which dive is to be made
(depth in feet divided by 33).
D=Number of divers.
In this formula, the “1” in the numerator is.one air ﬂ?sk at-
mosphere which is allowed for charging the testing 'tan}<, altxt'l h(;sf)e(;
and helmet. The “15” is the 15 atmospheres constltu’cmgd .e tl_le
pounds per square-inch pressure which has tf) be preserv;35 1.n e
flask as a minimum reserve. In the denomma.tor, the 4 1sd :
cubic feet of air required by each diver per minute m(;asurzsu:e
absolute pressure and the #1220 is «the il atmﬁosphere .0 p'remade
which has to be added to the pressure at which the dive 1s
i bsolute pressure.
s gzzngigne diver is to descend to a depth of'16f5 fteetit ;Ig;
long will the air last if furnished from one 11-cub1<.:- (;:)7 a
charged to a pressure of 2,250 pounds per square inch?

= Number minutes

o=11 =
2250 o
A=—l_._4'7 or 153 D=1

153—(154+5+1)) .
Calculation: ll’%X—I%ZT—_—Hl)—— =53 minutes
um air supply from a small—s.ize flask,
depth of 165 feet and remain fo? 53
r proper decompression;
d, one diver may remain

Thus when using the maxim
one diver can descend to a :
minutes, and still have suﬁicient'alr fo
hence with two such air flasks being use
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at this depth for 106 minutes, or two divers for 53 minutes. If
larger or additional flasks are used, the diving time may be
extended.

By high-pressure accumulators, reference is made to the air
accumulators of the torpedo installation aboard vessels equipped
with torpedoes. When connections are made to accumulators, div-
ing operations should be .conducted directly from or in the im-
mediate vicinity of the vessel carrying the accumulators, thus ob-
viating the necessity for use of long lengths of air hose. If the
accumulators are of sufficient capacity, diving may be undertaken
from those already fully charged, but if they are not of sufficient
capacity to meet the requirements of depth and duration of the
dive without recharging, then the compressor shall be operated
as necessary, and care taken that the water cooling system is in
order and in operation—to insure cool air supply.

The capacity of the air compressor and the accumulators must
be known and taken into consideration when calculating the air
supply. For example: The capacity of a compressor is 15 cubic
feet at 2,500 pounds pressure per square inch per hour or 0.25 of
a cubic foot at 2,500 pounds pressure per square inch per minute.
2500
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pheres, 0.25 cubic foot at 2,500 pounds pressure would equal

170X 0.25 or 42.5 cubic feet at atmospheric pressure. Therefore,
since a diver must have an air supply of 4.5 cubic feet per minute
at a pressure equal to the absolute pressure at which the dive is
made, a dive by ome diver to, say, 274 feet, or 8.3 atmospheres,
excess pressure (9.3 atmospheres absolute) would require 4.5X9.3
or 41.85 cubic feet of air per minute at atmospheric pressure.
From this, it is evident that this power-driven compressor work-
ing at full capacity would just be able to furnish this supply of
air. Under no circumstances, however, must divers be permitted
to dive to the limit of their air supply, whatever the source
utilized may be.

Also, sufficient air must be held in reserve to enable the dis-
patch of a relief diver. The capacity of the air accumulators
aboard may be augmented by connecting them to the torpedo air
flasks that have their stop valves open, and taking the air lead
from this connection. When charging high-pressure accumu-
lators, it must be remembered, the air is heated by the com-
pressor’s cylinders; hence castor oil should be used to prevent
flashing in the cylinders and thus preventing CO and CO. pro-
duction or if not available use Navy symbol 2190T or equal. For
this and other reasons, as little oil as practicable should be used
in the cylinders. Likewise, the air intakes of any compressors
used for supplying diver’s air must be located in atmosphere that
is free from obnoxious or toxic fumes.

The supplying of air to divers from low-pressure accumulators
is applicable to vessels equipped with a gas-ejector system, to
submarine rescue vessels, to navy yards, etc. The arrangement
is practically the same as for diving with air from high-pressure
accumulators. The air pressure in the accumulators is main-
tained constant by large capacity low-pressure, steam or elec-

As 2,500 pounds per square inch would equal or 170 atmos-
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trically driven, automatically controlled air compressors. The
capacity of these compressors is such that there is never a ques-
tion of shortage of air supply. The maximum depth to which a
diver or divers may descend will depend upon the pressure of the
air supply and the amount of air that is required to pass through
the diver’s helmet, and since there is no accurate method of deter-
mining the latter when using this source of supply, the only means
of knowing whether adequate ventilation exists is by the diver’s
own feeling of well-being.

When utilizing air from air accumulators or air flasks, the fol-
lowing conditions are essential: ;

(a) The temperature of air must be such as not to cause dis-
comfort to the diver. .

(b) The air in the accumulator must be free from noxious
fumes and as near standard purity as possible, i. e., contain 0.04
percent CO; or less. In utilizing air from high-pressure accumu-
lators it must be remembered that the air in the cylinders of
the compressors is greatly heated in charging the accumulatiors,
and oil with a high flash point must be used, castor oil if possﬂ.)le,
so that no flashing in the cylinders will take place, producing
CO and CO.. As little oil as practicable should be used in the
cylinders ef a diving pump. 4 .

(¢) Thirty to fifty pounds pressure per square inch in the

testing tank above water pressure (at the depth of dive) must be

maintained to insure proper ventilation of the helmet.

(d) The reserve air supply must always be maintained in case
proper stage decom-

of accident to compressors, etc., to insure a

pression for the diver. v
In utilizing manually-operated diving

air for divers, it is evident that the delivery of the amount of air
epths of submergence under water
f the pumps, the number in use,

required by a diver at various d
depends upon the capacities o
and the rate of pumping.

As the capacity of the stand
the rate of pumping may be varied
become less and less as the pressure increases,
with only one diving pump to f
diver may descend and perform use
paratively shallow depths. If the pu‘mp S0 use
the depth of dive will be further restricted.

When it is required to dive to a cer
possfble to furnish the requisite vo
a single diving pump, two or more pumps,
may be connected together an
jucoens 11 era

V. ing manually-op
fo? (ﬁ?;rlsl,s ltrlllge following conditions shall be observed:

(a) Arrangements shall be ma '
mum allowable air supply (1.5 cubic
the absolute pressure to which the
diver, and if practicable,
is furnished with a diving out
cannot be met with one pump, an a

ard diving pump is small and as
only within small limits, which
it is apparent that,
urnish air, the depth to which a
ful work is limited to com-
d is not efficient,

tain depth and it is not
lume of air for that depth with
if they are available,
d operated at the proper rate of

ted diving air pumps to furnish air

de to furnish at least the mini-
feet per minute, measured at
dive is to be made) to each
a reserve air supply. Only one pump
fit and if conditions are such as
dditional pump or pumps as
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required should be obtained from tenders or other accompanying
vessels.

(b) Arrangements shall be made to insure the dispatch of a
relief diver.

(c) More than one diver shall not be permitted to dive simul-
taneously from the same diving pump or group of pumps execept
under the following conditions:

(1) Where one diver is working on the bottom and an emer-
gency occurs requiring descent of a relief diver, the relief diver
may be supplied with air from the same pump or group of pumps,
provided the pump reserve capacity is ample to fill the require-
ments of two divers at the depth of the dive.

(2) Where the efficiency of the pump or pumps is sufficiently
high and the water sufficiently shallow and there is no danger

& of the divers becoming foul of obstructions on the bottom, two

divers may dive simultaneously from the same pump or group of
pumps, provided an adequate reserve supply of air is available
for a relief diver,

(d) The rate of pumping shall be regular.,

(e) If the air being supplied to a diver is uncomfortably warm,
cold water shall be placed in the cisterns of diving air pumps, and
kept cold by the addition of ice, if necessary.

(f) The directions for lubricating diving air pumps shall be
carefully carried out. '

Assuming a diving air pump to be 100 percent efficient at all
pressures, the number of revolutions per minute the pump should
be run to furnish the minimum allowable air supply to one diver
(1.5 cubic feet of air per minute, measured at the absolute pres-

sure to which the dive is made) may be determined as follows :
When

D=Depth of sea water, in feet, to which dive is made.
N=Number of cubic inches of air pump will furnish per
revolution measured at atmospheric pressure.
R=Number of revolutions required of pump per minute to

furnish 1.5 cubic feet (2,592 cubic inches) of air per
minute, measured at atmospheric pressure.
X=Number of revolutions required of pump per minute to
furnish minimum allowable air supply. (1.5 cubic
feet or 2,592 cubic inches per minute at 1)
R=25T92 and

X=R(1+D(0.0303)).

or the efficiency of any diving air pump is less than 100 percent
and its actual percent efficiency, at the equivalent absolute pres-
sure of the dive, D, is represented by a symbol, as E, then

100R (14D (0. 0303))
X= B

The value of N. for the Navy standard Mark III diving pump
when 100 percent efficient is 405 cubic inches. Therefore, R
equals 2.592-+405 or 6.4 revolutions per minute.

The “constant” for any pump may be obtained by multiplying

DIVER’'S AIR SUPPLY (NORMAL AIR)

R by the depth coefficient 0.0303. In the case of the Navy' stand-
ard diving pump, 6.4X0.0303=0.194 is he constant. Specifically,
the number of revolutions required of the standard pump t.o fur-
nish the minimum allowable air supply (1.5 cubic feet per mmu.te)
for one diver at any depth may be determined by the following
formula :

_100(DXC)+R

o E

X=Number of revolutiong required. :

E=Actual percent of efficiency of pump at the equ'lvalent
pressure to which the dive is made as determined by
pumping into the testing tank.

D=Depth in feet.

=Pump’s constant (0.194). ;

Ic‘i:Nllllmrl))er of revolutions required of pump per mmuFe

to furnish 1.5 cubic feet or 2,592 cubic inches of air

per minute, measured at atmospheric pressure.

X in which

Ezample.—Diving air pump, Mark III is 80 percent (.eﬁ'xmen(tu;‘
depth of sea water is 66 feet. At how mans" .revolutlons 11))1
minute should the pump be run to furnish thej mlmmun.l allo:vtah (te
air supply (1.5 cubic feet per minute) to a diver working a a
depth?

Solution :

__100(66><0.194) +6.4

80 :
= 24 revolutions per minute

X

The maximum rate of pumping that it.is possi.ble tf) maultoa;ﬁ
by a pumping crew over a practical pf’,l‘lOd of time 1850 ap;)rc';nt
mately 30 revolutions per minute. With the. I?ump punt 2
efﬁcieilt, this rate would bare;y :up;l);yt ﬁ:en?,:tl,?rm;? rz;x‘ryl;)mtiom
air required at a depth of 90 feet. S e
required are in excess of the number that it is p o sy
tain, the work should be divided between two‘ o} it e
For example, using the above formula to‘dfetelmm SR
of revolutions required to furnish the minimum amc;es s

for one diver working at a depth of,.say, o > >

;]V(ialcfsbi? I‘f}(,)und that with a pump 80 percent.eﬂi(.:xer;t, :i.(; ;‘szo‘g_
tions per minute are necessa'ryt—.a raItiee I:z?fgmlss taz}:i APt o]
i f a pump crew to maintain. ; ! g
I\);li(;ltyegﬁcieniiespof not less than 80 percent each, (ige;itizqitirig‘
proximately 24.5 revolutions per minutg each‘: wou S

Limiting depths for diving with gasolme{ driven 3els e
cannot be listed here inasmuch as Yanous Ill?Od e
different characteristics. The type being su;())g 1ehas i B
is manufactured by the Devilbis Co. (model 5th€)3; o e
depths listed in the instruction boo’ks. 2 Any old leidesoa i
not designed as a source of diver’s air shou

at various pressures cl
pressor must supply at

minute measured at a . ;
This air must of course be free from noxious gases

osely checked before using. Any‘com-
least 2 cubic feet of compressed air per

i iver’s depth.
uivalent to the diver’s
b and odors.
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In the above paragraphs it will be noted that various instruc-

tions are given as to the minimum amount of air to be supplied.

to divers, i. e.:

(1) In using the hand pump, 1.5 cubic feet per minute is
given as the minimum.

: (2) In calculating the time that high pressure accumu-
lators can be used for diving 4.5 cubic feet per minute, is
taken as the standard.
(3) In the gasoline driven air compressors 2 cubic feet

is given as a safe minimum.

It has been found that 1.5 cubic feet of air per minute entering
the helmet is the absolute minimum amount which will keep
the percentage of CO. in the helmet within permissible limits.
As the diver works harder his output of CO, increases, and a
limit of 1.5 cubic feet per minute is not sufficient. Four point five
cubic feet per minute has also been found to supply sufficient
ventilations under all conditions of work. Thus, in the case of
the hand pump, the minimum is taken since if the ventilation
is not sufficient, the number of revolutions per minute can be
increased, or the diver brought up. The gasoline-driven air
compressors with 2 cubic feet per minute as a minimum provide
more ventilation and will permit more work by the diver before
he must be surfaced. In the case of the air flasks the maximum
amount plus some _wastage must be used in calculating the time
the flasks can be used since if a lesser amount were used, the
air supply could be exhausted sooner than expected if the condi-
tions of work were more arduous than assumed.

In the past, castor oil was the only oil approved for use in
compressors supplying air to divers. Because of the fact that
castor oil has become a critical item, tests were conducted at
the Experimental Diving Unit on various oils to determine their
suitability. Navy symbol 2190T was found to be satisfactory.
No high-grade lubricating oil gave off noxious gases although
some produced odors unpleasant to the divers.

The operation of the air system is an important part of the
diving, rescue, and salvage routine. An officer should be placed
in charge of the plant, and his duties should be to start the system
and route the air as ordered by the officer in charge of diving
operations, who shall be a graduate of the deep-sea diving school.
He should stand a continuous watch, assisted by a chief petty
officer, and insure that the desired temperatures in the diving
air mains are maintained. He should keep the officer in charge
informed of these temperatures and pressures, and only in an
emergency make changes except as ordered. When diving, rescue,
or salvage operations are in progress, and air is being used for
both diving and blowing purposes, it is necessary to safeguard
the diver’s air supply; therefore, orders shall be such that they
will insure against opening or closing any air valve without the
knowledge of those supervising the diving. The plant officer
should always inform the chief engineer when the operation of
additional compressors is needed.

It is customary, when diving is in progress, to have one or

DIVER'S AIR SUPPLY (NORMAL AIR)

both 400-pound compressors running on their governors, though
air in sufficient quantity can be supplied by one. The reason for
two compressors running is that, should one compressor fail, the
other is available immediately to take up the load. The go.v-
ernors are set so that the compressor pumps against a certain
pressure. If one should stop, the other can be speeded up im-
mediately, thereby maintaining the air in the volume tank at the
desired pressure. Further, with both machines on the air sup-
ply line, the load is divided, and the safety factor of each com-
pressor is increased. The air ends of the compressor should be
cleaned each night after diving has ceased. The valves should be
removed, cleaned with soapy water, and wiped off with a castor
oiled rag. The high-pressure air banks should be kept charge.ad
to their maximum capacity as emergency diving air supply, in
event of failure of the air compressors. The banks are connected
to the diver’s air hose through a reducing valve that reduces the
air to the desired pressure. 3
The diving air plants installed on the submarmg rescue vessels
have 400-pound compressors which permit reaching a low d.ew
point and give a greater volume of air gained thI‘O'.llgh expansion
down to- 300, 200, or 100 pounds, ‘as required. This system also
has two after coolers. This complete circuit jncludes the volume
ters, and all coolers.

taléli{;liltgzarelative humidity at no time is sufficiently low to in-
sure the delivery of air from the compressors at less th.an 100 per:c
cent humidity, the relative humidity of the atn}ospherxc ‘dlI‘- is no
a determining factor in regulating the dew point of the alrhsux_)-
plied to the divers. The relative humidi?y of t'he atmf)sp If'm}i
air is, however, a gage of the amount of mo.lsture in the air w 1cs
has to be extracted during the reconditionmg process, and selrv:s
as a means of regulating the interval of blowing down the cooo 1eers.
When the relative humidity is from 50 to 7.0 percent, the ;300 "
should be blown every 15 to 20 minute‘s; if from 7(; t;) Sg =
cent, they should be pblown every 15 1n1n11te§; and if it is

100 percent they should be blowtn1 every ;anurSr;n;:ltoe‘i. Fakbtursy:

i em intelligently, we
taflfl(:a 1;?1;31?‘];2:: point temperat;u're c1'1rve” (pl. 86), and have
4 knowledge of the following- def?mtltor‘ljlii(zh e e
Beut goipkiis ot t.empelatm.e i = -s. It varies with the
below which precipitaiton of moisture occurs.
idi tmosphere. ;

huﬂg;;ztgfhi?;i?lity irs) the mass of water vapor present in the

atmosphere, usually grains per cubie foot measured as per pound

f air.
¢ Relative humidity is the ratio between the amount of water

sapor as aetermined by the existing dev 0o BoC 0 0
;111:(1; (‘i‘;;ui)dul%e rI:e;eder?gs.l When air is s}s;tturatzd, the dew point,
e vt ii‘ﬂiierifﬁi’; corvs wil s
i “Temp” W
gf)pc(?s?tiatr}iorwiagotl?: fs;l;?:agllizls{,e (tlhat a‘ fhangt? in tem})e;x"atl(l)fﬁ
causes a change in humidity; e. & saturated air at 40° F. ¢
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tains 2.849 grains of water vapor per cubic foot, whereas at 30° K.
it contains 1.935 grains; therefore, cooling will cause precipita-
tion.

The amount or percentage of dehydration that it is possible
to produce by a reduction of dew point depends entirely on the
temperature it is possible to attain by the air cooling systems of
the plant. In this case having produced a reduction of 10°, i. e.,
40° F. with 2,849 grains of water vapor to 30° F. with 1.935
grains water vapor, the difference of 0.914 grains per cubic foot of
air would be precipitated in the form of water which at a tem-
perature of 30° F. would form slush ice, and could be discharged
from the cooler through the blow valve. The air will now be
100 percent saturated for the new temperature, i. e., 30° F., and
a further drop in temperature will cause further precipitation.
As the cooling agent consists of the circulation of sea water
through the cooler, it is obvious that the degree of dehydration
possible by cooling depends entirely on the temperature cf the
sea water. In this case 30° F. would be called the dew point
temperature since the air is saturated. However, a further re-
duction of the dew point may be brought about by expansion as
follows: 34° F. (table 138) contains 2.279 grains of water vapor
per cubic foot. Initial pressure of air from the compressors at
150 pounds (gage) or 164.7 pounds (absolute) and the reducing
valve to be set at 100 pounds (gage) or 114.7 pounds (absolute),
the air passes through the cooler. The reduction in pressure
from 150 pounds to 100 pounds has, in accordance to Boyle’s law,
reduced the density of the air to approximately 70 percent.
Therefore, the air instead of having 2.279 grains of water vapor,
now contains only 70 percent of 2.279 grains or 1.595 grains of
water vapor. Thus, we have reduced the dew point to 25.5° F.
by a reduction in pressure. Hence, diver’s air at temperatures
above 25.5° F. would not precipitate moisture and no freezing
could occur.

To use the curves, run a line from the dew point temperature
scale to the percent pressure scale. From this intersection drop
a perpendicular line to the initial pressure curve, and from this
point run a line to the dew point scale. Using the dew point’
as indicated on this scale, the grains of water vapor will be found
by reference to the inserted table. Otherwise the perpendicular
line between the percent pressure and initial pressure curves can
be extended to the base and the figure for aqueous vapor deter-
mined by interpolation. : :

From service tests of the air conditioning plants on Submarine
Rescue Vessels, it never has been found necessary to reduce the
aqueous vapor below 1.355 grains. Since air that is dehydrated
completely would probably be injurious to the diver, the dew
point should not be lowered beyond that necessary to prevent
freezing of the diver’s air line.

In addition to the expansion caused by the main reducing valve,
there is a further expansion at the diver’s air-control valve.
Hence, without the reducing valve, the air pressure at the diver’s
air-control valve that allows a drop in pressure of 15 pounds
would be reduced from approximately 135 pounds (the pressure

DIVER’S AIR SUPPLY (NORMAL AIR)

in the diver’s air line) to approximately 45 pounds per square inch
(gage). With the reducing valve in operation and set for 85
pounds, the expansion may be from 85 pounds per square inch to
45 pounds per square inch, thus the original factor of 3 to 1 is
lowered to a new ratio of 2 to 1.

With the air-conditioning plant in operation, it has been found
possible to maintain desired air temperatures by the use of bleed-
ers. These are short lengths of hose, one to three in number
connected to outlets on the diving mains on the opposite side from
which diving is being conducted and are weighted a few feet
below the surface of the water to eliminate noise. To raise the
temperature in the diving air mains, it is necessary only to in-
crease the flow of air by opening bleeders as much as necessary ;
to decrease the temperature in the diving air mains, decrease the
flow of air and cut out the bleeders. The following is a facsimile
of the title heads of a record that should be kept of the tempera-
tures of the air during the use of the air-conditioning plant:

Air temperatures.
Water at surface.

Water one-half way down.
Water at bottom.
Humidity.

Air to cooler.

Air from cooler.

Water to cooler.

Water from cooler.

Air lines—Port.

Air lines—Starboard.
Diver’s air hose from starboard side.
Bleeders from port side.
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the weighted belt is fastened on, and the diver stands and bends
forward while the jock-strap is properly adjusted.

During the time the diver is being dressed, the helmet should
be examined, the valves tested, the telephone tested, the proper
decompression tables looked up, and the necessary length of div-
ing hose coupled up, care being taken that a washer is in place
in each female coupling. Air should then be blown through to
clear it of any dust and the hose tested to pressure a little higher
than that in which the diver is going to work..

Again, the diver sits and the telephone headset (if the type of
telephone used requires a headset) is put on and the helmet, with
the faceplate open, is screwed in place. The safety catch is turned
down into its recess, the recess closed by the hinged stopgap, and
the split securing pin inserted. The combination telephone and
life-line cable, and air hose are brought up under the right and
left arms, respectively. The combination telephone and life line
is then secured to the metal eyelet located on the right front (as
worn) of the breastplate by means of the cable clamp provided
with the amplifier type telephone outfits. The air hose is se-
cured with a lanyard by two round turns and a square knot to
the metal eyelet located on the left front of the breastplate.
The 3-foot length of air hose (pl. 6) and the air-control valve
shall be in place. Air is turned on the manifold or the pump
started, as the case may be, so that the diver may test his air
supply. The telephone should also be tested by the diver. When
the diver understands the work he is to perform and is ready to
dive, he ig assisted by an attendant on either side, to the diving
stage, steps aboard, and grasps the iron bales. When the officer
or diver in charge is satisfied that all is in order, the air is
started, the helmet faceplate is closed and the air regulating
exhaust valve closed and reopened the desired number of turns to
provide proper ventilation and buoyancy. The diver is then
hoisted clear of the ship’s side and the descent begun.

For diving operations from motor launches, the diving dress,
shoes, and breastplate are put on the diver while seated in the
boat. While the diver is being dressed, the diving gear should
be looked over and tested as in diving operations from ships’
decks. If air pumps are used, they should always be worked in
their chests. The securing nuts for wheels and handles should be
firmly set-up with a wrench, the hinged flaps covering the gages
opened, the screw cap on the overflow nozzle removed, the cistern
filled with water, and the pump tested. If air flasks are used, see
that they are properly secured from rolling; that all connections
are properly made; that all valves, including stop valves, are
free to operate; and that proper tools are at hand to relieve a
stop valve in case it should stick in closed position.<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>