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FOREWORD

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






CHAPTER I

DEVELOPMENT OF DIVING AND THE
TRAINING OF NAVY DIVERS

Records do not elearly show the orlgin of diving In the United
Stutes Navy., While there are ovidenves of excellent work hav-
Ing been performed at shallow depths in the early days of div-
Ing, very lttle was necomplighed ot Jdeep depths, aod with the
erude methods and apparatus avallable, attempts at the latter
nsually resulted in the diver's contraction of “bends.”

The art of diving Lthroughout the world galned noticeable im-
petus in 1906-T froin the findings of Britlsh Admicalty divieg
experiments, which indleated that a person conld withstand with
reagsonuble safety a rapid change of high absolute pressure to
proportionately lower gbsolute pressures, [ e to such preasures
that the ratio of the high absolute pressure i= to the reduced
absolute pressure’ as 2.3:1. This meant that a diver working
at deep depths could be brought up quickly to n comparatively
shallow depth without stopping, and from thereon to the surface
with stops at every 10 feet, In llen of the previous and far
legg snfe method of ascending at a uniform rate from the bot-
tom. The findings of the British Admlirulty beenme known ns
the stage method of decompression. In prineiple it I8 pow al-
most universully employed in deep diving,

A definite program of development of diving was actively be
gutt by the United SBtates Navy In 1912, when extensive tesis
were conducted in diving tanks ashore, and later, on the U, 8. 8,
Walke, In Long I=land SBound, to determine the sultability of
the stuge method of decompression and to Improve the standaid
Navy diving gear to enable deeper diving. The value of the
findinge was subsequently evidenced In the zalvage operatlons
aof the U, 8. 8 F-§ off Honoluln, In which divers descended to
depths of 34 feet—a depth which Is belleved to be still a record
in diving in the ordinary diving sult, using normal alr for the
diver's alr supply.

The above-mentloned tests were followed by prepnration and
fasue of u United States Navy Diving Manual and the estab-
lHashment of the Navy diving school at the noval torpado statlon
ot Newport, R, I. This schoo!l was subsequently dizcontinued
upan the entry of the United States into the World Wur, Per-
sonuel of this school and some of s graduntes formed n nueleus
for the oversens salvage division which was established as n
unit of Unlted States Naval Forees abroad, and which throughout
the war rendered valuable serviee in sulvage operations along the
I'rench coast.

With medern submarines being constrocted to operate at ever-
inereasing depths and the possibllity of having to salvage such

I
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vessels if suuk, ways and means of ennbling divers to attain
even preater depths than heretofore were wade (he sabject of
special Investlgation by the Burean of Construction and Repalr
ln the Iatter part of 1925 ut which time the Unlted Stales Navy
experimental diving unit wnas ecreated. This unit, composed of
navial personnel, wns established at the Bureau of Mines Ex-
perlmental Station, ittsburgh, Pa., to determine, in collaboration
with the Bureau of Mines, the feasibility of using oxygen-helinm
mixtures ns a substitute for ordinary anir in diving.

Prellminary experlments on animalg having Indieated certaln
advantages in the use of thiz synthetle nir over the air ordinarily
used ns a diver’s supply, the experimental diving unit was sub-
wequently transferred to rhe Washington Nouvy Yuard as n per-
manent activity under the Bureau of Construction and Repalr
to continue the oxygen-helium Investigations and other develop-
ment work Ineldental to improved diving practices and equip-
mwent. The experimental diving unit has fonetloned accordingly,
up to the present time. Such methods prescribed In this edition
n& depart from t practives, nnd new diving omd salvage equip-
ment shown are, in the majority of enses, the results of findings
of the experimentn]l diving unit, the diving school, or the ex-
perience gained from past submurine salvage operations.

Divipg is arduous and hazardous work and the art ecan be
mastered ouly by training. The ratings In the United States
Navy are (1) master diver:; §2) diver, ficst class: (3) salvage
iiver: (4) diver, secomd cings,  Master divers and divers, flrst
elnas, are gualified ar the Deep Sea Diving School,  Salvapge divers
are trained and gqualiffed at the Navy Salvage Training and
Diving School, New York City.  Dhivers, second olass, are quallfied
within the fieet, ordinarily on board the snbmarine rescue ves-
seds, Quuli sed mmster divers aod divers, ficat elass, are traloed
and permitted to dive to depths down to 300 feet. Divers, sec
ond elass, are proaibited from diving 1o depths in exeess of 1540
feet.

The Deep Sen Diving School was reestablished In 1928 at the
Waushington Navy Yard, Thiz location was chosen with the
view that It proximity to the experimental diving unit would
permit expeditions application of approved experhimental Andings
to stnnidard teaining corvienlnm,. The sehool I8 operated under
the eognlzance of the Burean of Naval Mersounel, Novy Depart-
ment, but the diving facilities, gear, and diving bont are fur-
nighed and mapintaloed by the Burenua of Ships.

The fnenlty of the diving =chool usnally conzigis of a1 com-
missioned officer in chiurge with the runk of Heatenant or ahove,
one medicnl officer, three chief petty officers qualified as master
divers, twao chief petly officers quallfied as divers, first class,
one boat=swilu's mite, frst elass, aml one pharmacist’s mate,
first eluss, both of the latter belng qualificd fArst-class divers.

Eligitex for diving traiuing are selected from solunteer boat-
pwiin's mutes, gunners  untes, shipfitters, corpenter’s  uates,
mpeldnd=t s mntes, aod torpedomen, preference being given to ship-
firters haviug provions experience In are welding.  Prior to ae-
ceptance, each candidate must have passed the rigld physlea
vxaminntion entlined in chapter I1. A specinl conrse for medienl
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officers lasting from 10 to 12 weeks Is also avallable. The dura-
tlon of the standurd course is 20 weeks and the clusses usually

consist of from @ to 16 students.

The curriculum of the stapdard course at the diving schoul

Includes the following:

Standard course

]
| Time
Work Location rerpuired
| per man
1. Pressure div (U bo 300 feet). . l Mving tank ., . 20 days.
2. O water d hllv !uhﬂ :;umﬂm lli:l:h:]:; | In ;m:l al:lm Hh'rr, 13 deys.
1 1 L.
rudd.u'l nmhln. it J:"E?hlﬂ‘m Up o
toon, L ydrogen
toreh and underwater washing,
3. Opeo-water diving tesks: Tnspection of sub- | Polomse Hiver. ... | 15 doys
fittings, and air-lioe connectlons to
l . ﬂlrﬂ:im in heavy muod lml
mr“wm i m dmmmh ..\ Divt keccicis: hours,
{.‘m El? -h’ torch}_ ... l._.1_.__‘"“n et “Dm
"nderwater welding (electrictoreb) | T T T 0 hours.
H.Wiﬂdlu g e e Do,
8. Bu . talnlog.. .............._.... Ly o R 3 hours.
7. Rescue caeeena| BUTTNOE wees | ?hours.
i, Elemeniary Indtruction and training in the fol-

"l".hron" ﬁl' welding., Flementary eletric

fe) 'I'.‘u;t wd uﬂw of sults, helmers, wod
nttnchments

() Diving mm. care, upkecp, practical
compuintion of diver's ale supply and
teats of squipment.

(e} 'I."-Ilphnnn pare wnd upkeop of warious
types ntary theary of cireoite,
I:Huluﬁll work in overhaul, vieuum Lol

lifeation Ll::rhnirf rireuit
1"‘ Ly ;ﬂ fea] work.
Ahips Diving Manual,
methods and equipment (leetures), {
Ox rescue breathing spparstus; care

W malntenance. i 3
bﬂlﬂﬂmm ung": m
and malotenance |

Bome of the operatlons nnd work engaged In by students of

the diving school ure shown in plates 2 to 5, Inclusive.



DIVING MANUAL

Mp) MUl delum fu

‘{ parin s g

papp PUW (161 H0) SN Nopesaniiiodes SUIATD

prpuagaadae Jo dnoj JRdg g0 Bejlsag—] HLVLY



DEVELOPMEXT OF DIVING o}

Prate 2—Fravee 2 - Ddver o water diving tenk =iwing throogh o section of ateel ping.
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Prarte 3—Froue | —Laevtnre an clireiits of vartoos aleove
wuier amd awder-water eleetrical tools amild sl panent,

'tamee - Fun e 2 —Pressing student diver preparatory
o deseenl in river

Prate 3 Fuveae 3 —=5mdent diver desconding in river
fromn diving-school boat Crilley
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I
i

Fiuvng 2. —IMving school recompression chamber—

Recompressing and decompressing the Jdiver

FLATE 4

Diving schonl—Living watler tnnk—

Fiavae 1.

Fiati 4-

-1

Ohserving the diver in tank and regulating the pressure

tis vorrespond with waler pressures ot desired depthe,
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FLaTe 5—Fiotes 1. —Tralning In above-water burning as a
prelude to under-water eutting,

PeaTe S—Froree 2-— Mving suit repair work

s

I"LATE 5= Fmvaeg 3 Nample of Manges Hrted ander water
by atinlent dlsvers
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The facllities of the experhmental diving unit and the diving
school are practically the same wo far as concerns design and
principle of operation. They consist priocipally of a diving
water tunk, a divers' recompression chumber, standard diving
sults and gear, underwater cuttlng and welding equipment, spe-
clal tools, alr banks, alr compressora, and a diving boat. The
latter |a used jolutly by the school and the unit as occaslons
» require. Plate 1 shows a perspective view of the divers' recom-
presslon chamber and diving water tank with fittings and at-
tendant alr and water piplng as Installed at the diving school
and the experimental diving unit. The water tank I8 a closed tank
with a hinged access hatch at the top to permit entrance of the
diver. The tank for the school s 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 130 pounds and equivalent water depths are
simuiated by partinlly Alling it with water, cloging the hatch, and
Introducing alr at any desired pressure within the working ca-
pacity of the tank. The Interior of the tank I= ftted with tele-
phone, water and electric light connections, and also steam colls
to maintain desired water temperatures. The recompression
chamber for the school I8 0 two-compartment chamber, deslgned
and constructed for worklng pressures of 200 pounds per square
inch, The diving water tank and the recompression chamber of the
experimental diving unit are of the anme over-all slze and deslgn
as the diving school's but are made stronger so0 as to withstand
the greater pressures which obviously have te be employed io
experimentnl work. A detalled deseription of the recompression
chamber I8 contalned in chapter XI1X. At this time a new bulld-
ing ls belng completed for use by the Deep Sea Diving School and
the experimental diving unit. This bullding will enable the div-
ing school to traln up to 125 divers frst closs ot ooe thne and
wlll double the research capacity of the experimental diving unit.

150824—13——12
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CHAPTER II

PHYSICAL QUALIFICATIONS OF DIVERS

All eandidates for diving sathool training shall be examined by
a naval medical officer prlor to their transfer, In acceordance
with the Instructlons set forth berein and in the muanual of the
Medieal Department, United States Navy. Fallure to do this
may result in subsequent relection by the diving school, there-
by Incurring needless expense and loss of time In transporting
the men from and to their orlginal station. A diver, to become
eligible for training at the diving school, must possess the fol-
lowlng qualifications :

1. e must be tbmperate and possess the physical gualifica-
tlons nevessary to meet the standards required.

2. He mmst demonstrate his nbility to withstand air pressares
of 3il pounds (gage) In the recompressinn chamber, without detri-
ment to the ears or resplratory tracts. These chambers are
avallatle on all submurine rescue vessels, at submarine “lung”
training tanks, the experlmental diving unlt, and the deep-sen
diving school. ]

The physical stundords are necessarily high because of the
rigorous nature of o diver's dotles. The ldeal physicnl type is
the young, slender, wiry, phlegmatic individual.

The most favorable age for training In deep-sen diving Is
from 20 to 30 venrs. Candidates for diving trainlng should not
be fiuvoernbly considered If over 30 years of age. Divers, first
class, beroming over 40) years of age or hecoming unfit to dive
in depths In excess of ™ feet are automatically disqualified ss
diver, first clu=s, bat may continue as diver, second elass, g0 long
#s they remain physically fit for diving to these restricted
depths.  The upper-nge Hmit In the case of medienl offivers and
hospital corpsmen asslgned for diving lnstrouctions or a8 mediecal
attendants to salvage operations or other diving operations in-
volving subjection of themselves to pressure shall be taken as
40 years. The respitntory exchange in youug men s faster than
in thoze of middle age, hence the former cun tvid their bodlies
of exvess nitrogen more rapldly, and therefore are less suscen-
tibhle to compressed-air {llness,  Sinee the efficiency of the blood
vascular system decreases with advancing years and ns gnSeous
exchange within the body I8 vitally concerned with the efficlency
of the heart and blood vessels, the younger man {s better sulted
in this respect for diving. Further, with the approach of middle
age there Is a tendency on the part of the body to accumulate
more fat. )

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

10
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welght for welght about 70 percent more nitrogen than the
blood under the same conditlons, it is apparest that the amount
of nitrogen held in the body when it |s completely saturated at
any given pressure will be considerably Increased by any In-
creased amount of fat. Therefore, candidates welghing more
than 12 percent above the welght prescribed in relution to helght
in the following tuble, shall be excluded unless their overwelght
is largely due to muscle and bone. In order to sult the diving
apparatus, men under 5% feet, and much over 8 feet In helght
shall nol be selected as divers, SBpecifie gravity may be utllized if
facllities are nvailable,

Ajpe (yoars) Haight (inches) Welght
Py o S I—— T T 145
I — TR R 150
.- R = FRR— - E T T S 15
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A diver should be of the plhilegmatic or gulet nnexclinble type
of personallty, for excltement and fright are accompanied by a
quickening of the pulse und & rlse In blood pressure; and as
the rate of saturation and desaturation of the tissues ls directly
influenced by the cirenlatory rate, n phlegmatic diver s less
likely to develop compressed-air illness thun an eaxlly exeited
diver.

Divers should be men mentslly ax well us physically fit, as
the type of work to be performed often requires quick, accurate
judgment and inltiative—tralts of above-avernge mentality. Ex-
perience has been Indleative that there is a relatlonship between

11
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low-mental abllity and early failure in attempted performance of
work under conditions of increased nir pressure,

Divers must beé men of moderate habits because aleoholism,
losa of sleep, or dissipation contributes to susceptibility to comn-
pressed-alr llneas.

The fleld of operations In submerged work is ordinarily Inade-
guately {lluminated desplte the use of diving lamp, and slnce It
Is impracticable tn wear ginsses In the diving helmet, a good
degree of vislon ls essential, A minimum of 20/20 vislon In sach
eye ghall be required for candldates for the deslgnation of diver.
The minimum requirement for medical officers and hospltal corps-
men shall be 15/20 In each er¥e. Central color vislon shall be
normél,

Candidates should be capable of holding the breath after full
expiration and inspiration, for a period of at least G5 seconds.
This shall be based on the average results of three tests. The
lungs perform the all-lmportant functlon 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 At subjects for diving because
high atmospheric pressures tend to have an Irritant effect on the
lungs.

The set up test for eardiovascular function consists of 20 step ups
uvn u platform 18 luches high performed during a perlod of 30 sec-
onds. Pulses are recorded sitting at rest, for 5 minutes, 0 to
15 seconds x 4 (A), § to 20 seconds after exerclse (B), and 120 to
185 seconds after exerclse (C).

The cardlovascular score |8 computed from the expression
B—T043 (C-A). The elevation of the puise rote 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, gool;
hl to 74, fair: and above 74, poor. There should be no tendency
toward vuarleoge velns uvr hemorrholds. Evidence of arterliosele-
rosis Is suflicient to disgualify,

Men subject to gastrolntestinal disturbanees, with a tendency
to exeess gas formatlon In the stomach and Intestines, should
not be pecepted. The marked expansion of such gas on ascend-
Ing, even from moderate depths, may Induve severe symptoms If
not readlly expelled. For the same reason a diver should not
be allowed to dive when constipated.

In addltion o the gqualifications discussed in the foregoing,
it s desirable that the eandidate for diver be entirely free from
bodily disease. One of the most important of the dizgqualifylng
disenses s middle ear disense. In this malady not only is hear-
ing diminished but often the Eustachian tube 18 blocked. The
Eustachinn tube, the membranons tube extending from the mid-
dle ear Into the throat, allows for equalization of pressure on
hoth sides of the ear drum. Alr under Incressed pressure en-
ters the external ear #nd depresses the flexible ear drum In-
wardly. The nir also enters the nose and mouth and will enter
the inner end of the Eustachlan tube If it i3 patent. By travers-
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ing the tube the alir reaches the inner surfuce of the drum
through the middle enr, and the pressure om the two sides of
the drum are thus equalized and the drum sways outward to
its mormal position. If the tube is blocked, the increasing pres-
sure on the ountside of the drum will continue to depress the
elastic drum antil it ruptures. However, rupture of the drom
from this cause rarely occurs because the paln from the de-
pressed and stretched drum s so lntense that the diver eannot
continne hls descent and must return to the surfoce.  Frequently
mucous or lecal inflammatory conditlons such as colds or sore
throats will canse temporary blockage of the tube. If mucous
be the blecking agent, It ean usually be expelled by holding the
lips and nostrils closed and exertlng pressure with a forced
expiration, but if there is an Infammatory condition present, this
forced expiratory effort may force infected material through the
tube loto the middle ear and produce otitis media or Infection
of the middle ear. Therefore If a cold or other local Inflamma-
tory conditlon be present in the upper respiratery tract, one
should not attempt exposure to Increased air pressure untll these
abnormalitles have subslded. Ability to equalize pressure in the
earg will form part of the physical examination. This abillty
ig ascertalned by exposing the cundidate to 50 pounds of alr pres-
sure in a recompression chamber. Not only are indlviduals with
middle-ear disease not fit subjects for diving, but Individuoals
with any chronic disorder of the npper resplratory trect such
ag tonsllitls, chronle svre throat., frecuent colds. pasal obstroe-
tlons, or sinusitis are lkely 1o have changes In the tissoes of
the nose and throat resulting In blockage of the Eustuchian tube,
and thus eliminate them as cundldoates for diving. Actlve skin
or venereal disease Is cause for immediate rejection. A history
of any of the following 18 disqualifying :

1. Syphllis.

2. Asthma.

3. Persletent high pulse rate.

4. Prychoneurosis.

5. Repented attacks of sinusitis, etc.

. Chronlc gastreintestinnl disturbances.

Qualified divers shall be reexamined periodically, in order tu
detect any dirquallfying defects that may have developed sinee
the last examination. A special examinotion shull be made prior
to each diving operation in excess of 368 feet. The results of this
examination shonld be recorded In the diving log and the medicul
officer shonld Inltial the log after thiz entry, at the same time
expressing his opinion as to the ludividual's fitness for diving on
that particular day. A temporary physleal defeet shall not be
congldered a canse for disqualification but shall exense the diver
from belng ordered to dive, if, in the opinion of the medical
officer, his condition warrants it.

At this time the divers are alzo examined for evidence of colds
or other upper respiratory infection. A short history of the
activity during the pust 24 hours |s obtained, In which the followling
facts are stressed ;

1. Amount of sleep. Less than 8 hours’ sleep the night previ-
ous to diving {a thought to predispose to compressed-air illness.
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2. Alcohol. Divers are not allowed to dive if any alcohol
Lias 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 calsson disease.

4. In addition to the nose and throat exsmination the diver is
asked If he has any symptoms of elther colds or sore throat.

All the foregoing information Is recorded on & diving form
the last line of which should contain an expression of oplmion
by the medical officer as to the diver’s physical fitners to dive
on that particular day.

While it §s not lutended to restrict procedure In the reexamina-
tion of gqualified divers, It appears that the foregoing cited
method employed nt the experimental diving unit and the diving
school could well be followed in the feet.

Althongh a certain Intitude may be allowed for n diver of long
experience nnd n high degree of efficiency in diving, he must
Iw free from any diseases of the cardiovascular, respiratory.
gustrointestinal, or genltourlnary systems, and of the ear; and
his abllity to equallze pressure must be maintalped. A slight
degree of overweight may be disregarded if the diver (s other-
wise vigorous and active.

When long salvage operations are In progress, It has been
found that better results are obinined i the divers are relleved
periodleally from duty and removed from existing environment.
Acveordingly, where dully diving over long periods of time is In-
volved and there ure sutfefent divers, liberty In Individoal eases
shonld be given as often as pricticable. However, the divers
should be cautioned as to the detrimental effecta of the loss of
sleep, alcohol, ete, to thelr well-belng in diving. If admonish-
went does not suffice, It Is best to probibit liberty in individual
cnses the day preceding the dive,

If the number of divers permlts, division Into three groups is
advisable, two groups diving for a perlod of a week while one
group & glven leave. Bach group, however, should be suffciently
large to cuable continuous diving in mediuvm depths, in relays
of three divers, who under ordinnry salvage procedure, are usu-
ully submerged sfmmltaneonsly.

Divers should not be made to dive for at least 1 bour after a
light menl and 2 hours after 4 heavy meal.



CHAPTER III

NAVY STANDARD DIVING OUTFITS

The standard diving outfits used by the Navy conslst of two
clngses. They nre the deep-diving outfiis and the shallow-water-
diving outfits,

Deep-diving outfits are of three types eommonly known as
outfits No. 1, No, 2, and a speclal outfit which will benceforth
be known as outfit No. 3. Bhallow-water-diving outfits are of
one general type.

Diving outfit No. 1 consists of equipment necessary for two
divers, including a two-cylinder, double-neting, munually operated,
alr 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 ounly by
submarine rescoe vessels.

The new standard shallow water outfit comsists of a Victor Berge
type fuce mask, n shallow water diver's glr pump, volume tank,
hose, underwear, sueakers, nonreturn valve, Instruetlon manual
- and atowage box.

The old shallow-water-diving outfit conslsts of a lght-welght
copper helmet with snitable welghts attached, a hund-operated alr
pump, aud a GO-foot length of alr hose,

Diving outfita Nos. 1 and 2 are sultable for use In both
deep and shallow water. Shallow-water-diving outfits are for
use In temperate and tropical waters of depths not exceeding
38 feet when using the hand punmp. Greater depths are permitted
In certaln cases as set forth In chapter XV,

Diving outfits No. 1 are furnished to tenders, fleet tugs, repair
ships, salvage vessels, und fAcating dry docks, or (o other vessels
whose misslon requires them to be capable of undertuking exten-
give diving operntions.

No. 2 diving outfits nre sapplied to auxillarles nnd combatant
ghips, which would only neted n diving outfit to perform minor
repalr or Inspectlons,

No. 3 diving outfits nre supplled to submarine rescue vossels,

The shallow-water<diving outfit s suitable for use of only one
diver ut n tlme.

With o few exceptions diving outfits Nos. 1, 2, and 3 are
initially Issued In thelr entirety. The exceptions are (1) In cases
where the diving work engaged in I8 of too minor n bature or
too infrequent to warrant the issne 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 contalned in two complete outfits. The Bureau of
Ships allowance lists designate the type of diving outfits and the

15



DIVING MANUAL

quantities of the respective ltems comprlsing such cutfits to be
carried by vessels of various types.

E Artiche U'mit
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2 | Belts, wilhu-d R ....do__
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CHAPTER IV

DESCRIPTION OF NAVY STANDARD DIVING
GEAR

1. The diver's tool bag (pl. 10) is made of No. 8 canvag. The
bottom {s perforated with five No. 4 spur grommets. These grom-
mets allow the bag to flood or drain rapldly. This bag 1s strong
enough to earry any tool the diver may need or is capable of using,
except & crowbar. It will carry weights up to approximately
2000 pounds.  Very small articles should be secured to the bag by
individual lengths of marline and tied elther to the handle or
through the grommets. When the tool bag Ix normally losded,
it is earried over the right arm ; when heavily loaded, It should be
sent down the descending line.

The welghted belt (pl. 11) Is used to furnish negative buoy-
ancy when the diver's dress s moderately Inflated. The belt 1s
made of 3-lnch waterproofed, double-backed, chrome tanned
leather. The lead welghts are secured to the belt with - by 2-
inch countersunk serews, the hends of which pass through speclal
No. 4 spur grommets ingerted In the leather; thus they may be
removed or replaced ensily, a8 the occasion may require. Metal
strap hangers are cast In four of the welghts, the two center
nnes belng set nt angles to give proper leads fo shoulder
which pass over the breastplate of the helmel and ecross in the
back so as to counteract any temdency the helt may have to shift
fts posltlon

The jock strap I8 provided for the dunl purpose of holding the
helt down in its proper loention aud to prevent the helmet from
rising over the diver's hend which It would do if elongation of
the dress through thls overluflation were not prevented.

The present diviog belt is the result of progressive develop-
ment over a conglderable perlod of time. Substitutes such as
plain lead diving welghts of varions shapee. or metal hinged
belts and lend weighted belts made of strong webblng, have
been tested and found unsatisfactory, Experlence has Indicated
that the present Navy standard diving belt I8 more comfortable,
more eapable of adjustment, and econtributes to a better balance
of the diver than belts of any other deslgn or construction Investi-
gated to date.

The box for spaure pomp piston leathers (pl. 123, figure 3, 1s made
of 27-gage tin.  All joluts, including these in the top, are sold-
ered to prevent the neat's-foot oll in which the leathers are
sonked from leaking out. This cylindrical box ls 4% Inches high
and 4 inches in dlumeter. The box with its contents should be
stored In the wooden =il bullt Inte the back and at the top of
the pump case. Each box should eontaln twao plston cup leathers
anil three lenther piston washers,
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Frave 8, —Diver partly dressed—Back view,
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PLATE 10,—Tool lag.

The spare parts box, (pl. 12) figuee 2, b8 mide of 2T-guge tin,  Box, spare
goldered wlong the bottom wod sldes to prevent leikage of ofl Pt
that may draln from the spare parts.  The box s cleealar and |s
3 lnches high by 3% Inches in digmeter,

Prare 12.—Hoxel, (i, for plston leatbers amd for spare paris

This box contulns the followlng spare parts of diving equip
ment : 4 pump voalves; 12 hose washers; 4 suctlon volve gnskets
2 outlet valve gaxkets; 4 soction valve cap gnskets: 4 valve stem
waghers; 2 bedplate nuts; 2 outlet valve cap goskers,
The cork buoys furnished with diving outflts are of the best  Boeys
quality sheet cork and are either pyramidal ln shapwe, ns shown
on plate 13, or oval. They are made of one or more pleces of
cork secured by a Y-inch dismeter galvanized-lron through bolt
fitted at each end with o galvanized washer., FEach end of the
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throngh bolt terminates in an eve of 1-inch inside dinmeter,
One eye §s swivelid. The buoy bas nn initinl buoyaney in salt
water of approximately 20 ponnds. The oval buoy I8 approxi-
mately 7% inches In dinmeter at ts mddsecetion.  Tts length be-
twesen washers s approximately 16 Inehes.  The pyramidal buoy
Is approximately 16 Inches long, 8 inches thick at Its midseetion,
amld 5 inches squore of s ends,

I'rate 15.—Buoys, rork.

The telephone cable serves the dual purpose of a telephonie
communiention cirenit aod a Hfe lioe, It lg known as 8 com-
Muntion telephone aod He-Toe eable

At the preseat time there are two different types of diving
telephones o service amnd copsequently two different types of
cible, The mijority of the eable now In use except on sab-
marine resene ves=els is the sennit-covered cable forming a part
of olil battery-type telephones which were standard in the Navy
up until the U, S0 8 5§ salvage operatlons.  This eable con-
sigta of three eleetrical condoetors marked red, white, nod blue,
respectively, separated thronghout the length of cable by a brown
thread heart,  The conduetors and the heart nre encnsed in n
woven cover, the whole assemlly belog enclosed by sennit-laicd
onter ecover,  These ealdes have no centrnl strength  member,
Their ultimate strength is therefure that which is afforded by
the conduvtors.  Expericoce hos indicated thot thelr msaximom
strength of only abont S50 ponmds s not sufficient to withstand
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the stresses imposed on them under some conditions attendant
on salvage operations. The copper conductors have a tendency
to stretch permanently under heavy loads. This elongation ls
not uniform in the respective conductors, and the result ls that
one conductor usually Is subjected to the full load with subse-
quent fallare. When present stocks of this type cable are
exhausted, Its Ilssue will be discontinued,

During the salvage operations of the U. 8, 8, 8- there was
developed a rubber-covered cable of approximately %-inch di-
ameter with a breaking strength of about 6,000 pounds. The
cable consleted of a phosphor bronze wire rubber-covered central
member around which slx insulated copper conductors were
spirally lald and covered with a tough outer rubber molded
cover. The conductors were connected in parallel and so ar-
ranged that fracture of any cne of them up to a total of four
would not break the circulit. These cables were made In 800-
nnd 200-foot lengths, They were used throughout the salvage
operations of the 1. 8. 8. §-§ 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
plenisliment of stocks 1s being made with cables of lighter welght.
They are not sultable for use with the old battery-type telephones
nor with the present standard telephones.

Bubsequent to the U. B. B. §-§ salvage operations there was
developed a diving telephone cable of an overall diameter of
65 Inch having a breaking strength of approximately 3,000
pounds. The cable s somewhat similar in construction to the
T4-inch cable described sbove except that It has only four con-
ductors and the core or holsting member s of corrosion-resist-
Iog steel In leu of phosphor bronze. This cable ls also fur-
nished In 600- and 200-foot lengths, It has been In service for
several years and the consensus of copinlon is that it Is superior
to all previous types furnished. This eable 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 connectlons mre equipped with adapters which permit
gatiefactory use of the cable with old battery-type telephones.
Piate 72 shows the sennit-covered cables and plate 14 the light-
welght rubber-covered cables described above.

Helmet and diving-gear outfit chests (pls. 16 to 18, Inclusive)
are made of T-lnch thick white ash. The sldes are dovetalled
and the entire chest ls reinforced around the bottom and top
of the sldes with a 3% by %%-loch baseboard and a 2 by -inch
beading. Inside mensurements of the helmet chest are approxi-
mately 40 by 20 lnches with a depth of 213§ Inches and it s
divided equally into two compartments. The |nslde measure-
ments of the oufflt chest are 44% by 17% Inches with a depth
of 17% inches.

The helmet cushion (pl. 19), figure 3 as the pame lmplles, 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
welght of the helmet and attached parts, which s well over 100
pounds. The cushlon is made of tan-colored 8-ounce drill, padded
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eate 1h-- Diving outfil chest Insiide view,

PlaTe iti—Ldving outfit chest—Front view,
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with a layer of best quality halr felt 1 Inch In thickness. It
is worn aronnd the neck Inslde the diving dress.

The Navy diving dress (pla, 6, 7, 8, 20, and 22) |ls made of the
best white American diving dress fabriec and ls so constructed
that It encloses the entlre body except the head and hands
The diving dress fabric conslsts of voleanized sheet rubber be-
tween layers of cotton twill—this construction rendering the
fabric water and alr tight. The dress 1s reinforced at the polots
of wear by chafing patches of the same materlal cemented In
place. The neck of the dress ls fiited with a rubber gaskct
throongh which bholes have been molded to fit the studs of the
breasiplate. The gasket is fitted with a duck relnforcing web-
bing that starts, as near as practicable, at the bead and extends
laterally balf the width of the collar. The lnner edge of the
collar has A molded bead of rubber on the outside. This
strengthening bead fits agalnst the breastplate straps. A por-
tion of fabric called the bib ls also secured Inside the neck
of the dress. The belmet breastplate fits between the rubber
gasket and the bib. The bib Ats loosely and comes up well in-
side the neckplece of the breastplate and serves to prevent any
water that may enter the helmet through the valves from con-
tacting the diver's body.

Hlastle rubber cuffa are cemented to the sleeves of the dress as
required to make watertight the joint at the wrlats. The euffs (pl.
21) which are of molded rubber, are 8 Inches long, 3% Inches wide
at the bottom, and 6 Inches wide at the top. The cuff tupers
toward the bottom 1 Inch In § inches to a point 5 inches from
the top and from this polot tapers 1% Ioches In 13 inches.
At the diver's wrist where the wristband terminates, the cuffs
are reinforced with a flattened rldge of rubber approximately
3o Inch thick and 3§ Inch wide. In the case of divers baving
very large wrists, the cuffa of the diving dress will sometimes
fit too tightly and interfere with clrenlation of blood to the
handa. In such cases the remedy ls to cot a little off the ends
of the rubber cuffs untll the joints are made comfortable.

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

Flape for lacing the dress to the diver's legs are provided on
the fore legs and upper legs of the dress to prevent am ac-
cumulation of alr In the lower portlon of the dress. This
provision tends to lessen the danger of accldental “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. T helmet
and are furnished In three sizes; viz., No, 1, small; No. 2. me-
dium ; and No. 3, large. The No. 1 dress |s designed to fit divers

Diving dress.

Caffs.
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5 feet 7 Inches to § feet 9 inches tall. The No. 2 dress Is de-
slgned to fit divers 5 feet @ inches to 5 feet 11 Inches tall. The
No. 3 dress is for divers 5 feet 11 inches to 6 feet 2 Inches tall,
Diving dresses have the followlng measurements:

No.l | Not | No.3

Frovt center seam—{rom center of the center hole (n the

oollar to the croteh seam. .. | oN Tw aa,
Hack senter seam—{rom center of h-.ck Ilulltn ponter seam

of croteh.. S H | aa
E.mmm—-!rnm el 10 oenter crotel 2 = 34
Arm Il}nm—lﬂlm seam under armpit 1o edyge of cufl i.uppur i el =
Fleave shoulder measurement (halved) .. oo 1 11 11
Measurement arcund body at hulfwny between chess

messtrement ad 12 aboveorotoh. ... coooooe ... 48 48 45
Chest measurement at base of srmbole. ... .. ............ 5 8 54

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

Praae 18 —Helmet cushion, enff expanders, rubber tubdng, nod rubber wrelst bands,



DEECRIPTION OF NAVY STANDARD DIVING GEAR

Prare 20 —Standard diving dress, with cuffs attachisd—Front view,
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Two pressure gages of the type shown on plate 80 (Flg. 7) are
installed on all diving air pumpe of deep-diving outfita,. When
the pumps are operated, these gages record both the pressure ol
air being delivered and the corresponding depth of water when
the diver's alr-control valve is open,

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

Prate 21.—Standard cufs for Npvy diving dress;

hands. The palm of the glove is shuped 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 I= large enough to be worn
over o woolen glove. It fits the diver's wrist snugly. At a
location of about 2 inches on the forearm the glove-wrlst is
not more than 3% inches nor less than 34 inches wide. It
then tapers to T Inches In a length of T inches and terminates
in a band which Is reinforced outside with drill, The gloves
should be 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 und because of this, some divers have dificulty
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
eold-water work. They are dark bloe in color and are made in
aecordance with the latest issue of Navy Department specifien-
tions for ordinnry woolen gloves. Dark colors are preferable
when the woolen gloves are worn without the rubber gloves,
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PLATE ZZ.—Siandard diving dreess, with gloves attached—Front view
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Prate 28 —Btandard divers' and tenders” glove,

The diving belmet (pl. 24) adopted as standard for the Navy
Tor deep diving 18 desigonated as “Divipg helmet—DBMMark V, Mod.
I It consisis of a tinoped copper spherieal helmet, which in-
cloges the diver's head, amd a breastplate, The fAttings are of
gun metal, The connection between the helmet and breastplate
is made by an interrupted serew joint, A lenther gasket fitted
in o recessed gasket seat on the breastplate Insures a watertight
juint when the helmet |s attached. When serewed In place on

“the breastplate, a safety cateh, locited on the back of the hel-

met, Is turned down Into o recess cut into the neek flange of
the bhregstplate to prevent the helmet belug accidentally detached.
To prevent the safety cateh frowm aceidentally dropping out of
the recess by pravity or otherwise, there ls provided a clamp
which In its locked position ¢loses the gap In the tecess. Design
und dimenslons of the clamp are shown on plnte 23, This elamp
is shuped to conform wlth the corvature of the breastplate neck
Hange, It iz hinged ar one eud 1o the neck flange of the breast-
plate and locked ot the other end to the fonge with a 3g-lnch
split pin through o small hole deflle! throogh the flunge,  Manu-
fuetare and Installution of the chunp 13 consldered to be within the
copacity of ships’ forces nnd if diving helmets on board are not
already so fitted, the clamp should be made aud lostalled before
the diving helmet 8 used.
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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
i hinged and ls held in a closed positlon by means of a swing-
ing bolt and wing nut secured to the helmet and acting through
two lugs on the faceplate. The wing nut of the belt when
screwed down fits Into &8 countersunk recess in the two lugs of
the faceplate, thereby preventing slippage or accldental displace-
ment of the bolt from the faceplate, The countersunk recess
referred to should be Iin the faceplate of all diving belmets. If
the faceplate on any diving helmet In service i 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 Ig closed, iz made
watertight by a rubber gasket.

The other three windows of the helmet are located as follows:
one on ench slde 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 slde and top glasses are glazed In and made watertight by
red lead, held securely by gun-metal frames. The glasses of all
windows and the faceplate are protected agalpst breakage hy
gun-metal gratings.

An air-inlet conpectlon s located at the back of the helmet
and to the right, and s curved downward to glve the proper lead
to the diver's alr hose. The alr safety or nooreturn valve
{pl. 26) is sBerewed 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 alr-conirol valve located on the front of
the suit. The proper functloning of the safety or nonreturn
valve is of utmost importance. Its purpose Is to prevent the
diver from being Injured by “squeeze” in the event that hls alr
hose bursts or the alr supply system becomes so serlously dam-
aged as to fall to maintain an alr pressure within the dress
sufficlent to counteract the external water pressure. Under
either of these conditions the nir pressure In the hose would
fall suddenly and If there were no safety valve In place or If
it falled to functlon, the compressed alr in the helmet and dreas
would escape through the alr hose. Therefore the pressure
within the helmet and dress would become less than the ex-
ternal witer pressure. The helmet being rigid and the dress
being fiexible, the effect of the greater external pressure would
be to squeeze the diver's body Into his helmet In the same man-
ner as a cork lg forced Into any empty bottle when lowered
into deep water. Even a slight excess pressure under these
conditlons bas been known to be Instantly fatal to the diver.

The combloation telephone and life-line cable connection is
placed to the left at the back of the helmet. The connectlon is
curved downward to give a fair lead for the eable, which crosses
the ailr hose and passes under the diver's right arm (plate 8).

An alr-regulating exhanst valve is fitted below the window
alopg the right slde of the helmet, together with an escape
channel, go that the polnt of exhaust iz toward the rear of the
belmet. This positlon of the exhaust prevents air bubbles from
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passing in front of the face plate and obstructing the diver's
view,

The purpose of the mir-regulating escape valve Is to auto-
matically maintain the alr pressure io the diving helmet in
equilibrium with the outside water pressure and to provide a
means whereby the device can regulate the Inflatlon of his
dress and consequently his buoyancy. As the diver enters the
walter, the diving dress Is subjected to an external pressure which
tends to force the alr in the dress up into the helmet and then
out of the alr-regulating escape valve, If the escape of this
alr is not retarded, or the air supply is lnndequate, the dress
will collapse and the diver's breathing interfered with. With
a normal alr supply and no means to regulate properly its flow
from the helmet, too great an inflation of the dress willl result
and be followed by an excess of positive buoyancy and a con-
sequent “blowlong-up” of the diver to the surface. If a diver
finds it necessary to Increase his buoyancy, he accomplishes this
by closing the air-regulating escape valve the necessary amount,
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thus Increasing the Inflation of his dress, If the danger of over-
Inflation becomes apparent, he decreases it by opening the valve
by operation of the valve chin button. The throw of the valve
stem, through the medium of the chin button, should be such
a8 to permit immediate discharge of all excess pir. If the flow
is Insufficlent, the only resort In the past has been to cut off
the alr supply or to adjust forther the air-regulating escape
valve by operation of the outside regulating screw. This re-
quires an appreciable period of time and meanwhile the over-
inflation of the dress may progress to the point where the diver
becomes excesslvely buoyant. At the beginning of “blowlng-up™
the helmet lifts as far as the jock strap will permit and it is
then diffienit for the diver to reach the valve chin button with
his chin. With the repidly Incrensing Inflation his arms may
become Involuntarily distended, with the result that he I8 unable
to reach his alr supply valve or the regulating screw of the
escnpe valve.

It 18 obvlous from the foregoing that the air-regulating escape
vialve Is one of the miost important features of the diving helmet
and g valve of proper constroction, principle of operation, and
reliabllity is essentlal to proper performance of diving work and
safety of the diver.
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The alr-regulating escape valve at present used by the Navy
was adopted as standard in 1931. It was designed o overcome
the difficultics described above and as eonstructed the objection-
able features of previous type valves have been eliminated. The
valve with its constituent parts is shown on plate 27. A descrip-
tlon of it follows:

The internal pressure in & diver's dress is normally about %
pound per square inch in excess of the external water pressure,
The valve Is closed against this 14 ponnd air pressure by a lght
spring (K). The outer end of this spring bears nganinst the
follower disk (N) which fits into the end of a secondary spring
(03}, This secondary spring is designed and eonstructed to maiu-
tain a differential tension of 2 pounds per square inch when
the valve Is fully closed, a- condition which exists when the
regulnting screw s serewed in until the follower disk (N) bears

L
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Prae 26 —Helmet, nonteturn air mive.

directly agninst the valve stem adjusting sleeve setscrew (M),
The valve stem adjusting sleeve (J) permits the length of the
valve stem to be adjusted as desiced, so that the exhanst valve
may be ftted to any helmet in service, regardless of varlations
In dimensions that may exist. The sleeve (J) serews on the
valve stem (B) and lts longltudinal travel In elther directlon
glves the desired setting for length, When the proper setting
Is obinined, the slecve Is locked in place by the setserew (M)
which screws Into o threaded hole In the end of the valve stem.
When installing the volve in the helmet, the length of the valve
stem shonld be adjunsted <o that the disk follower disk (N)
comeg In contact with the setscrew (M) when the adjusting
wheel (G) Is about one-elghth of & turn short of the folly-closed
position,

When the valve is fully opened, the shonlder on the underside
of the chin button (A) strikes against the valve stem gnide and
thus prevents the chin button from partly closing off the alr
passage with consequent restrictlon of nir flow,
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The regulating screw (F) is provided with a handwheel of
improved design which permits a diver who is wearing gloves
to grasp it more easily and to estimate the degree of turn more
readily than with wheels of conventional type. A dowel pln on
the underslde of the handwheel strikes against another dowel
pin on the bonnet when the valve is In the fully closed position
nnd thus prevents the wheel from continuing its travel until
it becomes jummed against the bonnet.

The valve Is adjusted by means of the regulating screw (F)
and handwheel (G), the normal degree of opening of the valve

ii— d 1\&\!! ] Nﬁ
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I'rate 27 —Helmet, aie-regulating escape valve, assemblod,

against the pressure of 3 pound per square Inch spring (K)
being dependent upon the elearnnee which exists between the
valve stem wdjusting sleeve setserew (M) and the secoudary
valve spring follower disk (N). The diver is able to attain
any desired degree of air flow through the valve by manipuln-
tlon of the handwheel. If the elearunce between the adjusting
sleeve setserew (M) and the secondary valve spring follower
disk (N) i zerd, as 18 the case when the adjusting screw s
serewdd Inoas far as possible, the valve is in the closed pogition
and the valve stem f= belog held ogainst [ts seat by the 2-pound
spring Instedd of the Y-pound spring. It Is thus possible to
bulld up an excess pressure of 2 ponnds per sguire inch within



DESCRIPTION OF NAVY STANDARD DIVING GEAR

the suit, which Is more than sufficient to give the diver any
huoyancy required In service. At the same time, no matter what
the setting of the regulating screw may be, it Is always possible
to obtaln mmedlately 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 agninst the follower disk
(N), the longitudlonl motion of the valve stem may be continued
to the maximum degree of travel by compressing the 2-pound
spring (0).

41

PFrare 37-A.~—Helmot, alr-regulnting esenpe valve, disnssembled.

All parts of the valve are mode of corrosion-reslsting mnte-
rial, Parts (A}, (B), (H), and {J) are Moncl metnl. Part
{N) 18 of Tobin bronze and parts (D), (E), {(F), (G), and (L)
are of naval bronze. The springs (K) and (O) sare of phosphor
hronsze.

All diving helmets in serviee are supposed to be squipped with
the standard valve described above, and the Initial quantity of
valves obtalned and issped was sufficient for this purpose. In
the old-type valves previously nsed the bottom of the regulating
serew eame In direct contact with the end of the valve stem and
consequently the extent to which the walve couldl be opened
was limited by the setting of the regulating serew. These old-

1560024 — 40—
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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 {8 agein used.

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

1. Remove old valve from helmet.

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

3. Thoroughly clean out shavings.

4. Pleces (G), (E), (D), (N}, (O), and (L) and pleces (M),
(J), (H), and {A) are dellvered assembled. Plece (E) ls de-
livered separately. Unscrew plece (A) and Install assembly (L),
(1), and {H) in valve housing (boss) on helmet, Inserting neck
(B) in wvalve stem gulde (P), letting valve (H) seat in valve
houslng (C).

5. Berew plece (A) to (B).

8. Connect nssembly (G), (E), (D), {0), (N), and (L) to
valve housing (C) by screwing cap (BE) to same,

T. To set valve properly screw valve adjustlng wheel (G) in
as far as poesible.

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

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

10. If the adjusting serew (M) does not touch plece (N).
ndjust it until It does touch.

11. Unscrew piece (E), Insert spring (K) and reassemble.

New diving helmets when purchased will have the air-regulat-
ing escape valve boss grooved as Indicated In operatiom (2) of
the preceding paragraph. If it becomes necessary to groove or
regroove helmets in service, the Bureau of Ships should be advised
and arrangements will be made to furnish temporarily for this
purpose one of the necessary grooving tools. There are only four
of these tools at present available in service and the limited num-
ber necessitates their being vsed alternately by ships. The tool
is shown on plate 28 and its method of use 18 as follows:

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

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

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

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

6. Berew in thrust nut (D) so that tool holder (E) touches
valve ment.

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

7. Replace lock screw (C).

8. Berew feeding wheel (B) In until tool starts cutting; torp-
ing erank (F) clockwise one complete revolution for each ecut

0. Torn feeding wheel (B) one notch at a tlme (indieated by
audible click).
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1. Hepeat operation until tool cuts groove as deeply as toul
permits.

11. o not turn crank (F) counterclockwise as this will duill
cutting edge of tool.

12. Serew cutting ool (A) back in, ns far us possible by turn-
ing feeding wheel” (1) countercloekwise, before removing tool
from valve houslog.

13 Thoroughly clean out shavings of cutting tool before In-
stollimg safely ale-escape valve.

Prate 28 —Urooving tool for installing sir-rogulnting os npe valve,

A supplementary rellef volve ispit cock), part 2, plate 24, is
located diametrically opposite the alr-regulnting escupe volve,
This valve Is operuted by the diver by means of o levertype
handle and not only permits a fine adjustment of bls buoyaney
but also the expulsion of witer which may hnve collected (nside
of the belmet by the bib of the dreess,

The diver's telephone transmitter (iF of old battery (¥pe) or
combined recelver and transmitter unit (if of ampliler type) is
secured inside the helmet above and to the left of the faceplate.
Also Inslde the helmet an air inlet chamnel Is swented to the
top of the helmet with branches leading to and terminating just
over the top and slde windows to deflect the Ineoming alr from
the diver's head.

Plate 25-A shows an nuxiliary fiiting for the standard diving
helmet, which consists of a4 metal frome, containing “Noviol"
glass and a menns for atiaching it in front of the Lelmet face
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plate to flter out the bright rays of light when underwater
cutting or welding work Is belng performed. These frames are
issued only with the No. 1 outfit, however, they can easily be
manufactured at the navy yards. Further detalls on this subject
are covered Im this chapter under "Lights and underwater
illumination."

The breastplate, part 3, plate 24, is that portlon of the diving
sult which connects the helmet to the diving dress. It I3 made
of the same metal as the diving helmet and i{8 shaped so that
Its lower portion fits comfortably over the shoulders, a cugh-
lon, figure 3, plate 20, belog luterposed 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 oight
small and four large wing nuts. Located on the front of the
breastplate are two metal eyelets to which the life line and air
hose are stopped on their respective sides.

The diver's air hose, plate 20, is of a sinking type, having an
internal nominal diameter of one-half lnch and external dlameter
of 1%s Inches, with a permissible manufacturing toleranoce of
plus or minus Y4s inch. It consists of a vuleanized rubber tube
reinforced by three plies of braided cotton reenforcement lald on
the bias to prevent the hose from wriggling, twisting, or turning,
while under pressure. The reenforcement is well embedded in
a rubber compound to protect it from chafe or wear. The hose
Is furnished in both 3-foot and 50-foot Jengthe. The 3-foot lengths
are used for the special purpose of connecting the alr-control
valve to the air safety or nonreturn valve at the diver's helmet.
The ends of each length of alr hose are capped with a rubber
compound Y inch thick to prevent molsture comlpg In contact
with the cotton relnforcement. The tensile strengths of the rub-
ber tube and rubber cover of the hose when new are 1,400 and
1,200 pounds per square inch, respectively. Diving hose when
manufuctured s required to withstand working pressure of Sk
pounds and a hursting pressure of 2,000 ponnds. In addition,
representative samples are required to withstand a hydrostatic
pressure of 1,000 pounds per square inch without bursting. At a
polnt approximately 4 feet from each end of the 50-foot lengths
of diving hose I8 located a molded brund of distinetive color con-
taining the word “Diverg'." A similar brand appears midlength
of the 3-foot sections of hose. For details us to the life of diving
hose and its care and maintenance see chapter VI, Diving alr
hose |s provided in G0-foot lengths. In connecting up the lengihs
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 anre fitted alternately
with male and female couplings. These couplings are machined
from bars of naval brass. The coupliogs and clamps are made
in mccordance with the design and dimensions shown on plate
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30, In fitting the couplings on the hose, three clamps wre slipped
over the end of the hose; then the shank of a coupling is coated
with rubber cement and foreed into the bore until its shoulder is
angainst the end of the hose. The hose clamps are next placed
into position, a small thin copper washer belng placed under ench
serew hole to prevent the clamp serews from cotting Inte the
rubber cover of the hose ; then the first clamp s set Into the vise
Serewing up on the viee compresses the elamp nmd thus brings
the serew holes In lne. The clump serew [ then screwwd [
place and the operation repeated on the next clamp. As the
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Prare 28 —Diving alr hose.

shunk of the conpling Is stightly larger In diameter than the bore
of the hose anid oz the clamp §s smaller than the external dinm-
eter, forving the hose onto the corrmgations of the shank amd
gripping tightly with the clumps will insure the coupling o firm
hold on the end of the hose. A firm hold is absolutely nevessgrey
in view of the serious conseqiences that would resialt shonld o
coupling pull out of the hose when o diver is udder wiater.  The
Jolnts between male and female parele of the hose coupling ore
made watertight by means of leather washers.  Dooble male and
female standard alr-hose couplings are provided for use when it
Is desired to make n special connectlon, L e, when the alternn-
tions of male and female connections are not continoous,
Diving air-hose reducers (adapters) are shown on plate 31
The réducers are furnished in two sizes: viz, type “T" and type
“8." The type “T" reducer bas one end cut with a submarine
male thread and the opposite end with a Navy =stnndard male
torpedo-alr-pipe thread. The type “8" redocers have one end

Hose, air.
reducers.
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threaded with a submarine male thread and the opposite end
threpded with a Unlted States standard iron-pipe-sizge thread.
The type 1" reducers are used for connecting diver's alr hose
to torpedo charging lines when torpedo charging alr Is nsed for
the diver’s air supply. The type 8" reducers are used for con-
pecting diving sir hose to the low-pressure alr line on sub-
marines, should it be necessary to utillze the alr gystem on such
vessels for diving air.

The latest type of diving koife s shown on plate 33 The
Blade 8 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 i= of brass, eylindrically shaped with
a conleal bottom. The hottom of the sheuth is drilled with o
14-inch diameter hole to permit the entrance of water aml maln-
taln negative buoyancy of the knife. The top end of the sheath

[

ST'D. COVELE MALE UMIOW
PrLate 31.—Diving air hose speclal Netings.

- f |

DOUBLE FEMALE COUPLMNA
Frate 32, —Diving air hose double female coupling,
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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
contribate to firm handhold. The handle ls designed to be bal-
anced so that the knife if dropped any distance will fall point
first. The handle nut and the sheath nut are made of brass.
A leather belt 1 inch wide by 24 inches long and %z Inch thick,
with brass knuckle, completes the assembly.

Prior to adoption of the standard diving knife lllustrated
therein, the flat sheath bayouet 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 |s malotaiped at the distributing yard.

The diving ladder, plates 34 and 35, is designed for use over
the mide of motor launches. It is adjustable and may be used
to fit elther 38, 40, or 50-foot launches. The strut that glves the
correct inclination of the ladder when in use may be folded In
the ladder after removal of the securing bolts, thus facllitating
stowage. The lndder Is made of wrought lron and Is henvlly
gnlvnnized.

Probably the greatest handicap experlenced by divera I re-
duced vlslon under water, which may range from 0 to OO
percent normal, depending on the turbidity of the water. On ex-
tremely muddy bottoms, with attendant mud and siit In sus-
pension, the diver works In almost total darkness and under
such conditions has to depend mostly on hls 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 sns-
pended In the water inasmuch as the opaque matter reflects the
light back to its source. This condition is largely responsible for
the limited radius of diffusion of light under water. Increasing
the power of the light increases the Intensity of illumination but
does not materlally Increase the radius of diffusion nor does
the use of reflectors to project the rays contribute materially
to greater penetration. Reflectors are, however, beneflclal In
protecting the diver's eyes from the glare of the light at its
source.

While the radius of diffusion of light {s governed by the clarity
of the water, discernibility under water Is considerably contrib-
uted to or bindered by the color of the object belng 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 Iliu-
mination, dark-colored objects may be discerned In more detall
If the bright (glaring) rays of the artificlal light are filtered
out. The results of some of these experiments are as follows:

49



50 DIVING MANUAL

"FL _LEATHER ®ACED

“» 6" FLAT STERL- GALYV

ADDE DIVING AP TUS

PLaTE 34, —Diving ladder.
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Prate 35.—Diving ladder detnlls.
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Prellminary experlments were first conducted in the water
diving tank of the experimental diving unit, where submerged
objects, {lluminated with a 2560-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
maximuom transmisslon of which was In the yellow or orange,
were of value. Fllters In the greens and blues were detrimental
to good vision. Of this serles of fllters three were chosen for
extended observations; namely, Corning Glazs Co., No. 388
“Noviol,” shade C (lemon yellow), shade No, 246 (amber), and
shade HR red (orange red). These filters were used by a large
oumber of divers in the diving tapk and in the river, and of
the three shades, the “Noviol,” shade O, was found to improve
discernibility the greatest extent. To Insure that the diver's
findings were actually physical and not paychological, a8 corroded
steel plate with holes punched in It end puts and bolts attached
was submerged In the tank in soch a position as to be visible
through an observation port. The plate was then {luminated by
a source of radlation so placed that through the port It was not
vialble to the eye or camera. Fourteen pholographs were taken
under constant conditions of turbidity, distance, and times of
exposure. The reaulis are reproduced on plates 36 to 49, inclu-
glve. In plates 38 to 42, Inclusive, the submerged object was
placed 30 inches from the observation port end the source of
Ilumination placed 20 Inches from the object. Plates 43 and 44
show the appearance of the submerged plate after it had been
maoved 80 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 agalo to within 30 Inchea of the observation port. The
sharpness of the details of the corroded plate with its nuts and
bolts as shown on the respectlve photegraphs was then taken as
a criterion of the value of the type of illumination used.

Plate 38 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 fliters in the light path. To the eye,
the Inotervening weater appeared to be fllled with a bright haze
due to the light scattered by the suspended matter. This bright
haze confused very markedly the vision of the person looking into
the observation port. The sharp edges of the punched holes, the
slota in the bolt heads, and the edges of the nuts became less
distlngulshable., 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 detalls of the plate stood out more clearly.
Plate 37 shows the photograpbic effect of this type of
Mumination.

The amber bulb was next replaced with a 250-watt “Photo-
flopd" lamp No. 1 and an optical filter made of Corning No. 248
glass placed In front. This glass Is a yellowish amber color.
Plate 38 exhiblts the appearance of the object under water when
illmminated by the radlation through the No. 248 glags. The
bright scattered llght was absent and the detalls of the plate
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Under-water visibility,
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“Under-water visibility.

FLate 45,
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stood out quite clearly. Plate 3% shows the plate when 1llumi-
nated with the same 200-watt “Photoflood” lamp No. 1 with a
Uorning “Noviol" shade C (lemon yellow) filter interposed he-
tween the lamp and the piate. Agaln the mnass of scattered light
was absent and the detalls of the plate appeared to hecome more
discernible,

Plates 40, 41, and 42 were taken with the submerged plate illnmi-
nated by the clear bulb “"Photoflood” No. 1 nmp placed in the
cusing of & Navy standard diving lnmp and the optical flter
placed before the lens of the eamera. Plate #) shows the effect
of the Corning “Noviol" shade C, plate 41, Corning No, 248, and
plate 42, a filter made of reddish amber-colored gluss known as
Corning HR red. Visual observation and photographic exami-
nation Indicated that from an optienl standpoint It makes no
difference in the results, whether the filter is placed in front of
the lamp or helid before the eye.

Plate 48 shows the suhmerged plate when it was moved back
from the port to a distunee of 60 inches and illnmninated by the
clear 250-watt lamp placed 50 Ioches from It The water con-
tnined considerable suspended mautter, duoe to the nctivities of
the divers working in the tunk. The =it wns allowed to settle
until a constunt condition of turbidity was reached before the
photograph was tuken. When the plate was observed through
the port [lluminnted by the clear lamp, the seattersd light was
#0 Intense that the eve wus blind (o such on extent the detalls
of the plate were quite Indistinel.  Threee filters, namely, Corning
“Noviol" shade C, Cornlrg No. 246, and Corning HR red, were
In turn placed before the diving lamp.  In each case the bright
seattered Hght Deenme mueh less pronouncsd and the detnlls of
the plates hecame more distinguishable, althongh of course much
less w0 than when the plate was 30 Inches from the port. Plate
44 shows the plate when lluminated by radiation from the clear
lamp which had passed through the “Noviol” shade C Hiter.
With this Mumination the nots and bolt hends were more clearly
spen,

Plate 45 shows the appearunve of the submerged plate when
iMuminated with a Iarge Geperal Elecirle sodium vapor lamp
enclosed in a watertight easing. To the eve the plate and its
detiulls were very clearly visible and the seattered llght between
the olgerver and the object did mot appese to e very Intense.
Plate 46 shows the sulmerged plete again Dluminated with the
radiation from the sodbom lHght with an Bastman K-3 flter in
front of the camern lens,

Plate 47 shows the sulonerged object ngain ilominated by the
clear lump in front of which was filter of Corniog “Novlol™ shade
C, A comparison of plates 45 aml 47 shows the two soorces of
Hlnmination to be about of egual value, which observation Is
supported hy visual trinls. In plate 44 an Enstman K-3 filter
was plared In front of the cimera lens with oo notleeable effect.

Plate 40 shows the submerged plate (Huminated by radiation
from a high-powersl G. ., mercury vapor lamp enclosed In a
watertight easing. As was expected, to the eye the detalls of
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the plate were quite Indistinct, since the eye loses its sensltivity
quite rapldly as tbe wavelength of radiation decreases; and, as
is well known, the mercury arc Is rich io radiation In the bloe
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 lllumination.

While these tests definitely established the fact that wherg
clarity of water ls such as to permit light penetration, an op-
tical fliter with maximum transmission o the yellow materlally
improves the discernibllity of submerged objects by the diver.
On the other hand, when the quantity of sediment In the water
exceeds a certaln value, optical filters are of no value. Ho far
ag concerns thelr use under conditlons 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 optlcal fllter of
“Noviol" shade C glass, fitted In a frame, plate 26-A, which can
be readily attached to the faceplate of the diving helmet, has
been adopted for use In work involving underwater cutting and
welding.

The diving light adopted for Navy use Is the result of develop-
ment through several actual salvage operations. The light con-
gists of a 1,000-watt lamp, a lamp holder of seamless brass tubing,
and a chromlum-plated copper (20 B, & 8, gage) reflector fitted
with a wire-meshed guard. The lamps are made of special glasa
designed to withstand pressures equivalent to those at 5H00-foot
depths. The lights are of two types ns lllustrated on plates 50
to 63, inclusive, The light shown on plates 50 and 51 I8 known
as the Westinghouse type. That shown on plates 52 and 53
is known as the Morse type. The Westinghouse type reflector la
cylindrically shaped with a dome top, the diameter at the base
being approximately 11 inches, whereas the Morse type ls para-
bolical In shape and with a base approximately 10 Inches in di-
ameter. ‘The reflectora 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 ls talled with a 3-foot length of twin conductor
eable forming an Integral part of the lamp unit. The lamp unlt
Is taped with rubber insulating tape to form a watertight as
sembly which s housed by the metal sleeve referred to above.
The lamp with the 3 feet of cable taped as described Is lesued
assembled as a4 uolt, When in use, the free end of the 8-foot
section of cable forming a part of the unit Is epliced and taped
to twin conductor cable of the length required for a particular
diving operation. In replacing the lump 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 lis
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 jolnts 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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PraTe-Sh—DIving Hght, Westinghouse Lamp Uo, (ype—dssemli]sl.

Pratr 51, —IMving light, Wertlnghouse Lnmp o, (e — Dsassemiilsg,
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The lamps of diving lights should never be lighted In alr as the
heat generated burne out the bulb fllament In a few seconds.
The light should be submerged before lighting and the current
ghould be turned off before the light 18 hoisted from the water.

Lines used In diving and salvage operations are those extend-
Ing from the surface ship to or In vicinity of the diver. In
general, they are ag follows;

Blowing hosc.—Blowing hose iz used for blowing and venting
ffr to and from compartments, tanks, ete, under water. The
hose usnally used for this purpose is the 134 -inch diameter pneu-
matle air hose supplled to rescue and salvage vessels. The
15-Inch diameter diving hose s also nsed for this purpose where
the operations are not of the magnitude requiring the use of larger
glze hose,

Descending lines.—Descending lines sre the medium by which
the diver descends to the bottom. In rescue and salvage work,
after the sunken vessel has been Incated, a line {8 usually at-
tached to the wreck by the diver and taken to the diving vessel.
In subsequent dives the diver slides down this descendlng iine
in order to reach the desired point on the wreck. For descents
in ordinary diving; viz, for searching, observations, ete., the
descending line i lowered direct to the bottom by shackling its
end into the eye of a 100-pound welght (pl. 75). In strong tide-
ways, should the 100-pound welight not remain on the bottom,
additional welghts must be ndded. i

Standard descending lines are made of 3inch clrcumference
munila rope. The lines are 200 feet long and are cable lald to
prevent twist and to make identification by the diver easy,

Distance lines.—Dlstance lines are made of 156-thread cable
lnid manila 60 feet in length. The line is bent onto the descend-
Ing line just above the descending line weight. It is used by the
diver in rotary searching nnd as a guide for relocating the
descending line when he i ready to ascend. Standard distance
lines are mude up futo losse eolls for convenlence of the diver.

Hawling lines—Hauling lines may be elther wire rope up to
Y-inch dinmeter or manila line up to 1%-inch cirenmference.
Hauling lnes are uded by surface attendants to nssist the diver In
lifting or moving heavy objects on the bottom.

Diving-light cablr.—The diving-light cable Is the electric cable
earrying the copper conductors for the diving light. This cable
is approximately 14 Inch in dinmeter.

Life tine and air hose—The 1ife lne and ale-hiose line bs thar
combination of Ufe line or telephone cable and the diving alr
hose which is lashed together by marline at stated intervals
silong its entire length and by a ennvas sheath at the lower end.

Lowering  lineg—Lowering lines vary In slze from 4-inch
manila to O or 12-thread material. They are the lnes that are
attached to oblects being sent to the bottom and are also used
for the purpose of controlling the movement or position of these
ohjects.

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

Stage lnes—Stage lines are made of 3-Inch and 4-inch manlla
and are used to ralse and lower the diving decompression stages
As furnished with the small stages they are of 8-lnch 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 slater
hooks (or shackles) for attaching the lines to the slings of the
atage. Two lines are used with the small stage.

The stage lloe for the larger stages Is made of 4-inch manila.
As shown by plute 87 only one line is required for each stage.
They are made up on board ship In lengths conslstent with the
depth of the dive,

The stage lines for the smaller stage are marked with metal
tags perforated or formed In strips, as lllustrated on plate 68,
to Indicate the depth of submergence of the stage. The lines
of the large stage are ususlly marked with cvlored rags (flag
bunting) to Indleate the depth of submergence, as follows :

10 feet, 1 cloth tag (red). 00 feet, 8 cloth tags (blue).

20 feet, 1 cloth tag (yellow), 100 feet, 4 cloth taga (red).
30 feet, 1 cloth tag (blue), 110 feet, 4 cloth tags (yellow),
40 feet, 2 cloth tags (red). 120 feet, 4 cloth tags (blue).
50 feet, 2 cloth tags (yellow). 180 feet, 5 cloth tags (red).
60 feet, 2 cloth taga (blue). 140 feet, 5 cloth tags (yellow),
70 feet, 3 cloth tags ((red). 150 feet, § cloth tags (blue).

80 feet, 3 cloth tags (yellow).

Diver’s air manifolds (pl. 54) are brass castiogs. They have
one Injet and three outlet nipples, and are sultable for use in
connecting the dellvery alr of three diving pumps to a single
diver's alr hose or vice versa.

The standard diving alr pump, mark IIL plates 55 to 80, in-
clusive, 18 a twin-cylinder, double-acting, manually operated
pump. The complete pump consists of the following principal
parts:

Frame.—The frame, plate 59, is of rigid deslgn and constructed
of cast iron, The manufacturer's serial number of the pump
iz plainly stamped In viglble figures on the upper center of the
upper rail-rod support. The frame is strengthened by horlzontal
braces supporting the crankshaft and bedplate. It Is firmly se-
cured to the pump case by four brass holding-down bolts which
pass through the foot lugs of the frame and the bottom of the
Ccase,

Bedplale.—The bedplate Is made of gun metal, bolted to the
pump frame, and forms & true base and support for the cylinders.
Cast integral with the bedplate and located oo Its under side
are two oblong hoxes or alr reservoirs which nre fAtted with
cover plates bolted In place and made alrtight by means of
leather gaskets.
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Prare Gi—Diver's contrel valve and alr manifold.
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Prate 53-——Navy standand diving aic pumgp, Mark 110, assembled—
Front view,
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Cylinders—The cylinders have an internal diameter of 415
inches, with a stroke of T4 Inches. Their caleulated or theoretl-
ecal ontput Is 405 cubie inches of free air per revolution. The
required efficiency of a new pump when operated against a pres-
sure of 1M poupds per square inch s 80 percent, with a cor-
responding Increase of efficiency at lower pressures. The eylin-
ders, which are mude of gun metal, are bolted and sweated per-
manently to the bedplate. They are loeated parallel to ench
other and finished dead smooth inside to exact dimensions,

-
L § - i ow® -

Frare Sd-—Navy standard diving air pomp, Mark 101, sesembled—
Back view,

Cplindvr covers,—The eylinder eovers are made of gun metal,
are Interchongenble, nod are bolted to the flunges on the eyl-
inders. They arve fitted with inlet and ontlet valves, eylinder
oll enps, and piston-rod stuffing boxes. The inlet alr openings,
ofl cups;, aml stuffing-box glands are elevated above the water
overflow outlet of the water cistern. The evlinder-cover jolnts
nre made alrtight by leather gaskets, Alr passages are drilled
throngh a rib cnse on the front of each cylinder, thus connecting
the air spaces of the upper outlet valves with the alr reservoir
on the under side of the bedplate. Each air reservoir recelves
alr from Its respective eylinder. The lower outlet valves are
located, one each, inside the air reservoirs
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Prate & Navy stapdard diving alr pumgp, Mark 111, with top roised and front cover
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PLaTe OB, — Xoavy stapdard diviog ale pomp, Mark 1L, arcanged 1o supply ale for two divers,
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Intake and cohous! valves,—The lotake and exbaust valves
madeé of brouze are nterchangeable and are faced with leather
on elther side. The valves are held on thelr seats by spiral
brass springs under light inital 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 belng
permanently secured over a valve opening lnto a evlinder, thus
forming an Integral part of the combined cylinders and bedplate.
The removable part of the valve body Is termed a valve-body
eap. This arrangement s slmple, efficlent, amd provides an easy
aevess (o the volves.

PraTe 38, —Navy standard diving air pamp, Mark I remeoved from cnse,

Air reserioirs—The alr reservolrs are Atted with ale-delivery
nozzles, to each of which an oll separator i serewed before using
the pump (o furnish alr to divers. The diver's alr bose s
coupled to the male submurine threanded portion of the oll sepa-
rator (pls. 63 and G4).  The dellvery nozeles are eross-connected,
nnd a two-way transfor valve with valve rod aod shifting handle
is fitted In the cross convection and is so arranged that the ale
from ench eyloder gy by direeisd out Bt respeective delivery
nozele or the ale from both exlinders may be divected out the
left delivery uozele. Henee, with the pump belug operated ot

GY
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ordinary speed, alr may be supplied to two divers working in
moderately deep water (60 to 80 feet).

Transfer vulve—The transfer valve is of the plug-cock type
with o T-opening. The valve stem s made short and square in
sections. A long valve counecting 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 valve stem.  The transfer
vilve and Its connecting rod are housed Inside the pomp case;
the valveopernting lever being located to the front and at the
pump cnse cover joint at which point o direction plate is loeated
that indicates the position of the valve ports.

Prate 60, —Nuvy standard Jdiving nir pomp, Mark 171 removed from case and showing pomp
wheels, handles, oll separators, and enlarged view of punip gages.

Pistons—The pistons (pl. 81) are composed of inverted cup
lenthers and leather disks held together by metal blocks screwed
left-handedly onto the respective piston rods, nd are prevented
from backing off by lock nots amd et serews. 1o operation, the
air holes (see Muastration) admit air to the grooves eat aroand
the periphery of each block ; thus when the pressure is developed,
the air forces the leathers aganinst the walls of the evlinders and
prevents lenkoge of alr pust the plstons.  The plston elearinces
are adjusted as close as possible, so that on each stroke prac-
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tically all the alr that |s compressed by the cylinders is forced
out.

Piston rods.—The piston rods pass through the cylinder-cover
stuffing boxes and the piston-rod guldes located In separate gulde
supports fastened to the aogle braces of the pump frame, Con-
necting slings are plvoted to the square sections on the rods which,
in turn, are connected to brass bearing blocks on the erankshaft.

Prate 81.—Navy standard diving pump platon.
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Crankshafi.—The crankshaft of forged steel revolves in the
journal bearings on the pump frame. The cranks are set at
approximately #0° from each other and the ends of the shaft
project from the pump case on elther slde sufficlently to provide
room for the flywheels. The ends of the shaft are threaded and
fitted with turned brass nuts for holding the fiywheels in place
Brass ofl drip cups packed with wisps of hair felt are Atted to
edch upper bearing brass of the crankshaft,

Flywheels —The flywheels ure of cast Iron with wrought-iren
spokes, A provision is made to secure either long or short pump-
wheel handles directly to the wheel rims. The wheels welgh
150 pounds each, and have a square hole machined through the
hnb which fits n corresponding square zectlon on the ends of
the crunkshaft. The sguare ends of the crankshaft taper
slightly to facilltate removal or application of the filywheels
The fiywheels are Interchangeable,

Pump-wheel handles—The Improved type of pump-wheel
handles (pla. 67 and 60) of multiple quill type I8 furnished in
two sizes: No. 1, or large slze, and No. 2, or small size. The
large size accommodates six men at the pump, while the small
glze provides room for only four men. The handles bolt directly
into the rims of the flywheels, and conslst of lignum-vitae
nuilla each mounted with brass ferrules on a steel shaft in such
o manner that each quill turns independently. The set of short
handles are stored inelde and at the back of the pump case,
whereas the long handies are secured In brackets In the fromt
corners of the case.

Cizlern.—A water cistern made of sheet copper heavily tinned
inslde and outside surrounds the pump cylinders, and is secured
to the bedplate. The clistern is of sufficlent height to permit the
contained cooling water to flood the top and sldes of the cylin-
ders. At the back of the pump case, necessary wnter connee
tlons are provided for filling, draining, or overflowing of the
cietern. When the pump is nsed In warm weather, the water
clatern must be filled with cold water and the water changed ns
often as It warms; otherwise, the alr furnished the diver or
divers will be heated to such an extent as to endanger their
physical well-lwing. An overflow nozzle slmilur to a male hose
eonnection is furnished to lend clear of the pnmp any over-
flow of the cooling watoer.

Pump voxe—The pump ense §is made of high-grade, well-sea-
soned, fine-grained white ash. The sides are devetailed together
nt the corners, the corners are bound with angle brass. The
hottom edges nre protecied by brass shoes, The vover is hinged
at the back and is beld in the open position by cover sup-
ports. A large removable door is fitted in an opening at the
front of the case through which opening some parts of the
pump nre more readily nccessible than from the top. The pump
gages (pls. 58 and G0) are located on the inside of the case with
their dlals visible through clrenlar openings eut in the front of
the case. These dlals are protected by brass covers hinged on the
outside and front of the pamp case. When not in use, the
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ends of the erankshaft arve protected by caps bolted to the
pump case. These protecting caps should never be used for Lft-
ing the pump case. Wrought-lron lifting rings are secured on
front and back of the case for such purposes. 'Their bolts pass
through the wooden frame and nre fasteped Into a stiffening
iron that encircles the inslde of the case. The opening at the
bottom of the case ls 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 dralned 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 put, pump handle, spare.

1 nut, pump wheel, spare.

1 pound packing, piston rod.

1 box contalning spare leathers in oll for one pleton,

1 tool, assembling, plston.

1 tool, lock nut, plston.

2 valves, pump, complete, spare.

4 washers, pump, valve body.

1 wrench, double open end, for craukshaft bearing boll
and nuts,

1 wrench, double open end, for ¢rankshaft aud eylinder oll
cups, and helmet transmitter securing nuts,

1 wrench, open end, for nuta on pump alr manifold.

1 wrench, socket-type, for cxlinder head bolis,

1 wrench, spanner, face, plston,

1 wrench, spanner, pump.

Piston assembling lool.—The assembling tool (pl. 62) for use
in installing the pistons into the cylinders of the diving pump s
made of gun metal, In two parts hinged together, and is Atted
with a clamping screw and wing nut. New platons, when as-
sembled, fit the eylinders very neatly, thus making the unase of
this tool necessary to avold Injury to the edges of the lower
cup leathers. When the plistona are difficult to insert, pressure
must be applled; therefore, it Is necessary lo provide a length
of pipe to fit over the plston rod, npon 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 plston.

The oll separators (pls. 63 and 84) are furnished io preveni
oil that the alr may carry over from the pumping system from
belng blown into the air hose. Each separator |8 made of two
bronze cups screwed together agalnst n leather gasket. The air
current within the separator ls directed by a baffle through a
lafer sponge, sewed with fine copper wire, which filters the alr
before entrance into the alr hose,

160924—43 ——4
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Bhoes, diving., The welghted diving shoes adoptefl as standard by the Navy
are shown on plate 85. The ghoed are furnished In palrs. Each
shoe welghs approximately twenty pounds and is of the following
dimensions : f

ILength inside, approximately 13 Inches.

Helght inside of heel, approximately 832 inches.

Height inside, 34 Inch from inside surface of toe, 1%
inches.

Helght inside, 6 inches from inside surface of toe, 214§
inches.

Height inside, 414 inches from inside surface of toe, 214
inches.

Each shoe consists of a lead sole, n hardwood upper sole aud
leather uppers. The lead sole s o one-plece casting % inch thick
and 141§ inches long, containing six drilled holes gy Inch in
dlameter, counterbored for the %-lnch diameter by 4-lnch
thick rivet heads and washers which secure the upper sole to
the lead sole. The upper sole Is made of 13 -inch thick maple,
free from knots, worm holes, cracks, etc., rabbeted around its
npper peripheral edge with a rabbet 14 Inch deep by 3; Inch
wide. The upper sole is drilled and counterbored with six rivet
holes to coinclde with the rivet holes in the lead sole. The up
per Bole s riveted to the lead sole by six Tobin bronze cold-
drawn rivets, the top of the head of the rivets being finsh with
the top surface of the inner sole. The ends of the rivets termi-
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Prate.—Pston pump assembling tool.
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nite In the counterbore of the lead sole and are each fitted with
bronze washer and then smoothly peened over the washer by
spluning. The wooden soles before nssembly are made water-
proof by bolling for a perlod of 8 hours in paraffin.

The leather uppers are made of the best quality steer hide,
fully tanped by the minerul-ton process free from acld, alkalls,
or make welghts other than the filler necessary to make the
leather waterproof. The outside surface s black. The leather,
before acceplance, Is regquired to have o tensile strength, before
splitting, of not less thaun 4000 pounds per square inch; the
elongation In a length of 2 Inches not to exeesd 30 percent and
withstand immersion In a neutral solatlon of 20 percent waler
and 80 percent glycerine at o temperntore of 235 F. for 1 hour
without deterioration,

PLaTs 63— QI separnfor— Ao bled.

I'he uppers are provided with leatber tongues and three 5-inch
wide leather cross straps on obe slde aml three "We-inch brass
buckles of the center-pin type on the olher. The leather paris
are siltched together with five stitehes per loch of saltably
wuxed Nos. 6 and 7 black thread with triple seam about 3% inch
apart. In addition to sewing, buckle straps and cross straps are
each riveted with two %gdonch dismeter tubular brass rivets
Three tubular bruss rivels are also vsed In the tongue strap and
pull strap. The uppers are attached to the rabbet edge section
of the upper sole by menns of copper nalls and a copper binding
strip. The leather Is palled to the sole with one row of @
copper mnalls % inch long, %s-inch dinmeter fat-head, 15 goge-
through copper washers of approximately -Inch overall di-
ameter, spaced equally around the shoe. The copper strip ls
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PLate 04 —00 sepinrntor— D sassemililed,
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then nafled over the leather with 31 copper YWelneh dinmeter
flat-head, 13-gage copper nuils equally spaced between the spaces
of the under row of palls, The nadl holes in the wooden sole
and copper strip are drilled with a No. 50 deill before driving
in the nuils, The copper bending strip is of soft copper 1% inch
wide No, 20 B. & 8. gnge. The upper odge of the copper strip
is rounded aod, as Installed, the ends butt at the toe end of the
shoe,

The toe of the shoe I= protected by o teeplate, casi of bronze
and polished. The plate I8 %32 Inch thiek and is shaped to fit
the toe end of the upper sole and to allow o clearance of Hg
inch above the leather toe of the shoe. The bottom edge of the
toe plate is Aush with the front end of the lead sole. It Is
attached to the wood sole by means of five flat-head 1-inch No.

=1

Prare da, —Nuvy standard diving shoes

10 brass serews, A new 13pe shoe, similar to the leather shoes as
far as the dimensions but wade of canvis, i=s belng adapted for
Navy use. This shoe has n square (oo and I= constrocted so that
any of the component parts, lend sole, wood sole or canvas ugwer,
may be replaced,

The grommets or eyelets are of bross, staudand No 3 of the
outer- and inner-ring type, with inside diameter 15 ineh,

The diving decowpression stages are shown oo plates 66, 67,
and 68. They are furnished In two siges: n lorge size (48 by
60 inches) and a small size (18 by 3 inches), Both stages are
identical In construction and vary only in size. The platforms
of both slze stages are made of 10.2-pound steel plate perfora ted
with %-inch dinmeter holes 1 Ineh bwetween centers. On the
small stage the edges of the platform plating are bent down ot
a 90° angle along Its length to provide greater lnteral support
and an open base for the platform.  On the large stage the plat-
form Is welded to 8- by 2- by Yj-inch angles for the same pur-
pose. Bix galvanized eye bolts of approximately 4-lneh  di-

Silagrs,
decompression.
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ameter wire and 134-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 steadylng the stoge and for suspend-
ing welghts to the stage,

The stage balls are made of round galvanized-lron rod bent
into the shape of an Inverted V with a rounded apex. The lower
ends of the two balls terminate in eyes which pass through the
eyes uf the corner bolta on the stoge. This construction per-
mits the bails to swing down fint agalnst the stage in stowage.

The small stage 18 lowered to desired depths by S-inch manils
lines, each 115 feet long, as shown on plate 68,

The large stage (pls. 67 and 68) iz uvsually loweresdd by one
4-fuch manfla line, a bridle, and an Interposed spreader. The
spreader §s 42 Inches wide with elongated eyes at each end.
through which are secured the legs of the bridle and one end
of ench of two 30-inch lengths of 5:-Inch diameter wire rope,
thimbled mnd served at each end. The other end of each of
these two sectlons of rope iz shackled to the eye of the stage
hall. The bridle is of one plece of &-inch diameter wire, with
i bight selzged in the center to form an eye. The length of the
wire is such as to form a triangle 38 inches in height.

The platforms of these stages some years ago were made of
gnlvanized flat Iron bars spaced about 1 Inch apart. It wes
found that It was possible for o diver to come uop under the
stage and foul some of the helmet fittings hetween the bars of
the stage. The perforated plate was accordingly adopted as the
standard platform.

A detalled description of the decompression stage lowering lines
Iz glven in this chapter under "Stage lines.”

The diver's dressing stool (pl. 68) is 19 Inches high, made of
1-Inch yellow pine, and painted with clear varnish. Under the
14- by 1B8-inch seat a shelf is bullt In which shonld be stored the
wing nut T wrenches, wing nuts, copper washers, breastplate
segments, a palr of pliers, and a 1%-lnch open-end wrench.

Testing tanks (pl. T&-A) nre made of steel, are of 1 cublie foot
capacity, and are fitted with a gage reglstering 300 pounds, pet
eock, Inlet and outlet nipples which are submarine threaded to
take the diving air hose, transportation handles, and & name
plate marked with the capaclity, date, and place of manufacture,
ond the test premsunre to which the tank has been subjected. The
tanks are required to withstand an internal test pressore of 600
poands per square inch before ite acceptance from manufacturer.
It is used for proving the efficiency of diving air pumps and as
an expansion tank or low-pressure recelver when diving with
compressed alr supplled from air flasks or air-flask banks such
as used in some diving launches.

Communication between submerged divers, and thelr surface
tenders may be accomplished by (1) telephonle transmission, (2)
mechanical transmission of hand signals by puils on the life line,
and (8) messages written on slates or the equivalent, lowered
and holsted to and fro from deck to dlver, .
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The practicubility of hand signaling obviously Is dependent on
a clear life line and even then the scope of communication Is
limited to such single words or short phrases as can be easily
memorized and represented by oumerical pulls on the line, Also
in deep diving the long length of the life line and its attendant
welght makes dependable communication by this method difficult.
Written communication requires considerable time. The lower-
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Ing lines are susceptible to fonling and the diver is handicapped
in writing and distinguizhing such messages by restricted visi-
hility. Accordingly, while either of these two procedures may
be resorted to in an emergency, the diving telephone or diving
amplifier equipment & mainly depended upon for vocal enmmuni-
cation with the diver.

Perfection of diving telephones and underwater communieation
has been the subject of continnous research and experimentation
by the Burean of Constenction and Repair from 1912 to 1940 and

Puate 6B —Uilver's stonl

by the Buaredu of Ships from T80 to the present e Dey-oell
Baittery, storage hanttery, batteryiess, and u'mpllﬂalr types of tole-
phiones in the order paomes] Lonve s tested] and ased In gerylee.
After years of sérvice tests, the consensus was that of all of the
types mentiomsd, the amplifier type of communieation gayve the
most  gatlsfactory results. Aceordingly, the diving amplifier
equipment hos been adoptind as the Novy standard diving com-
miumieation pquipment amd stocks are being filled with this rype
of equipment.  Issue of all diving telephones has been diseon-
tinued and all equipment belng issued at the present thme s of
the diving amplifier type, However, a8 some of the telephiones
are still In service and will be continued Lo be usel antll e longer
serviceable, the following descriptions of each type anre desirable
for ldentification and Information,
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The dry-cell battery type of telephone is shown on plate 72. It
ronglsts of the hattery box, the diver’s head set, the diver's trans-
mitter, the attendant's outflt, and the telephone cable and
couplings.

Battery bor—The battery hox 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-
unt's telephone cables.

Diver's head sef.—The diver's head set conslsts of an adjust-
nble cunvas cap to which the telephone recelvers are attached.
The cap fits Airmly on the diver’s head and the rubber ear pieces
of the recelvers are held snugly against the diver's ears by the
tension exerted by a chin strap. The recelvers are connected in
parallel by n telephone cord. The free end of this cord is fitted
with o plug that connects into a receptacle locuted permanently
inside the helmet.

Diver's transmitier.—The diver's transmitter iz located [n a re-
cesged box on the Ingide of the helmet, to the left und slightly
nhove the foceplnte.

Diiver's attenduant's outfil.—The attendant's ontfit consists of «
single recelver fitted to a spring head band, a transmitter, a tele-
phone cord, and a coupling that is attached to an outlet on the
hattery box. When not In use, the attendant's outfit and the
diver's head set are stowed In the vicant 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, conslisting of three conductors which form the
heart of the eable and provide electrlenl connectlon from the
tender to the diver. The outer woven cover of the calile serves
na a life lUne and &8 a protection for the conductors. The entire
nreangement s a combination of two simple telephone cirenits,
with one transmitter and one or more receivers in each elrenit.
Although the two cirenits have separnte batteries, they have only
a single common return.  Cables of this type, which nre shown
on plate 72, when new have a breaking strength of only about 350
pounds. They are no longer earried in stock although there nre
still some In service. When cables of this type are no longer
serviceable, replneement is heing made with the rubber-coverad
cables, plate 14, Identical 1o those nsed with the diving nmplifier
equipment, except that they nre fitted with adapters designed (o
fit the terminils on the battery bhox.

The batteryless diving telephone which Is no longer supplisl is
shown on plates 70 and T0-A. It consists of the diver's outfit,
the tender's outfit, the telephone cable, n fiber carrying case, and
i contrel box. This apparatus—as lts name Implies—does not
require batterles nor any other externnl power supply.

The diver's outfit conslsts of two recelver units mounted In
anug-fitting leather cap and a transmitter unit mounted in the
helmet and equipped with a speaking tube and mouthplece. The
diver's recelver and transmitter units are connected In parallel
across two conductors of the telephone cable,

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

The six batterylesa unite, which comprise the two stations, are
of permanent magnet, noncorroalve steel, diaphragm-lype con-
struction and require no power for the transmission amd repro-
duction of speech other thun the voltage genernted In the coil
by the magnetic Impulses set up by the vibratlons of a diaphragm
relative to the permanent magnets, All of the units are identical
and any unit will function as elther a recelver or a transmitter
without change in connections. Thus, the syatem may still oper-
ute with two inoperative unites at each end of the line. Com-
munieation may be malntalned by using the remaining unit al

* egch end as both transmitter and recelver.

The combination telephone and life-line cable originally for-
nished with the butteryless telephone systemn was a rubber-cov-
ered coble, with six or seven insulated copper-wire conductors
splrally wound around a central phosphor-bronge wire cable. The
finlshed cable had a breaking streogth of 5,000 pounds. The
welght of this type of ecable proved excesaive for deep dives anid
wis later superseded by the lightwelght cable shown on plate 14
which is stundard for use with the various types of telephones
und the diving amplifier equipment described herein,

Submarine rescue nnd sulvage operations sometimes reqguine
the simultaneous descent of as many as three divers. The bat
teryless telephone systems furnished salvage vessels inclode a
speciul control box which eontains plugs und switches that permit
communicatlon with o maximmm of three divers.

The volume of sound prodouced by batteryless telephone systems
I# usually insufficient for clear receptlon by the diver In deep
tllves due to the hisa of the alr supply In the helmet, Thus, it
is often necessary Lo stop the air supply during conversation.
An amplifler designed to inerease the volume of sonnd was pre-
vided submarine rescne vessels, While the reception was some
what Imiproved by use of this supplemental eguipment, the sys
tem still hos several objectionable fentures not common to the
umplifier type of diving telephone or the present diving ampli-
fier, Major obJections are that the diver's head set which, though
soft, is close ftting, vocomfortable, and susceptible to accldental
disurrungement.

The amplitier type of diving telephone was the first successful
leparture from steaight telephone communication for diving
operutiong. The equipment i3 very similar to the present diving
amplifier equipment nnd its component parts are the amplifier
with o built-in transmitter-reproducer, the diver's transmitter-
recelver, the power cubles and the combinution diving ampilifier
and life-line cable,

Amplifier—The amplifler was gupplied in two types, according
to the power supply. Type A operates from 6 volts D, G, or by
means of o serles resistor from a 110-volt D, C. line. Type B
vperates only from o 110-volt D. C. Line. Plate 71, part 1, shows
the type B amplifier which I= ldentical to the type A except for the
difference in power supplies.
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The amplifier Is of a low-galn type designed for communication
Letween the tender and three divers and ls arranged so that divers
may tnlk to each other. A porinble metal case serves to house
the amplifier, the tender’s transmitter-receiver, the control panel,
and the receptacles. Receptacles are provided for three diviog
cables, one or two power cables, and a 25-foot cable for a portable
transmitter-receiver unlt for use on the tender. All receptacles
are provided with a cover for protection when not In use. Thres
talk keys for selecting divers are mounted on the control panel
with the power swltch. Thls system retalns its relation to the
telephone system In that when the transmitter-recelver units are
interconnected, they will operate ns a batteryless telephone system.

Helmet Iransmiller-receiver.—A  transmitter-receiver unit Is
pirovided for the diver. This unit has a flexible volce tube which is
necessary to provide sufficlent volume of sound for successful com-
mnnnleation.

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

The equipwent now being issued for use ag the means of com-
munication between n diver and hils tender s known as diving
nmplifler equipment. This eguipment is the result of the develop-
ment of the telephone equipment previously described. It consists
of the diving amplifier, the diver's transmitter-reproducer unit,
the power cubles, and the combination diving amplifler and life-
llpe cable. This eguipment 18 a complete departure from the
telephone type of system and eontonins the sdvantages of recent
developments o amplifed speech communication. The main dif-
lferences In thia present system and (13 lmmediate predecessor nre
the use of a relatively high powered amplifier, controlled volume of
speech In cach directlon separately, aml controlled frequency
reaponse for speech In each directlon. The high volume provides
sufficlent uudible gonnd to overcome the nmblent hiss due to &ir en-
tering the helmet with the result that communication may be enslly
maintained withont ghutting off the nir. Controlled frequency re-
sponuse |8 especinlly hmportunt ander conditions of deep diving
where high pressure and hellum-oxygen almosphercs cause the
human veice to becoine extremely high pltehed.

Diving amplificr.—The diving amplifier I8 the heart of the
system and serves to amplify the voice in ench direction, provides
n convenient control panel, aets as a terminal board for the
diving cables, and supports the tender's transmitter-reproducer
unit. Each amplifier |8 designed to provide two-way speech from
the tender to a maximum of three divers,

The case 18 of strong metnl construction and ls provided with
Liandles for easy carrying. Three jacks for connecting to the
iliving eables, three jacks for connecting to power supply cables,
and a control panel are mounted on the case. All jacks have
serew covers for protectlon when not In use. The tender's trans-
miitter-reproducer |s mounted rigidly to the top of the amplifier
case. The entire unit is splashproof and will withstand dump
salt alr without domage.

The amplifier will operate from any one of three power supplies,

Diiving
smplifier
equipment.
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namely, 110 volts (60 cyeles) single phase AC, 110 volts I, C., or
12 wolts D €. It conslsts 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. Spesch from the tender is transmitted to
vach diver separately as each of the three talk keys Is depressed,
Hufficient amplification and control of frequency response s pro-
vided to allow the system to be used in an atmosphere of air
or helivm-oxygen and under extreme pressures. 'wo tone and
two volume econtrols are provided in order that the frequency re-
spopse and volume may be controlled separately for speech In
vieh direction. The amplifier with the control panel, tender’s
transmitter-reproducer, and three receptacles 15 shown In plate
T3A.

Diger's transmitter-reproducer wnit.—The diver's unit consisis
of o permanent magnet loudspeaker that sérves both us o fruns-
tiitter and reproducer. The unit requires only two wires from the
teénder to the diver. The anit s mounted in the diver's helmet and
is suspended In rabber cushions, 1t is desigoned to withstamd salt
water without Jdumnge,

Power cables—Three 30-foot power cables pre supplied with
the equipment.  Each has o special polarized plog and is marked
for the type of power supply with which It is to be used,  The
diver's trapsmitter-reproducer amd the power cables tre shown on
e T35, As the plugs on the amplifier end of the power eables
serve us switehes for converting the amplifier to the desiced power
supgly, Insertion of mwore than one plug ot one thoe will cnnse
short eirenlts aod serious damage. Care should be exercised so
that more than one power enble will never be connected to the
amplifier at the same time,

The eombination divieg amplificr and life-line cable | combina.
tiem telephone and fe-tine eallel —Standard diving cable sup-
plied with amplifiers Is now standard for use with all telephones,
ns well as with the standord diving amplifier. A section of the
vaible is shown on plate 14, Diving ealile Is furnished in 200-foot
lengths and consists of o holsting member forming o contral core,
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Prate 71.—Diving telephone, wnplifisr type.
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a rubber core Jacket, four electric wires, insulated with a Yhe-inch
rubber joeket and an outer cover of tough rubber. The inclusion
of four conductors in the cable provides two spare wires. The
holsting mwember I8 formed of siranded corrosion-resisting steel
wire enecnsed in a molded-rubber jacket of abont %y inch thick.
The electric wires each consist of from 20 to 25 soft-deawn
untinned ecopper wire sirands with four dend-soft  corrosion-
resisting steel wire stramls with a 1-inch lny. The wires nre
color-colded white, reéd, black, and green. The four conduclors are
spirally wound nhont the cenfral core with some slnek so that all

'eare T1-A—IMving telephone coupling, double female connection Awmmernliled.

Prarm T1-B—Dving telephone coupling, double femmle conpeit log—Dispssemblel,

tenslle stimln placed on the eable s borne by the central core.
The eentrul holsting wire, conductor wires, and inner hickets nre
then encosed as one unlt in an outer rubber Jucket approximstely
i Ineh thick. The cable is about 3 Inch o dinmeter, welglis
about 035 pound per linear fool, amd has a breaking strength of
approximately 2500 pouands.

Each lengih of diving cuble Is complete with two special bruss
plugs and one coupling. The plugs are permanently atiached to
each end of the cable aml will make a strong watertight mechani-
cal connection and a positive eleetrical connection to the diver's
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helmet aud o the amplitier,  When additionnl cable length is
desired, the conpling Is used to connect two or more 200-foot
lengths of eable together, The conpllogs and their constituent
pirts are shown on plates 71-A to T1-F, inclusive,

When diving operations are condueted from wooden  rafis,
hulls, or docks, the electricnl equipment is often insuluted from
the ground. As a result of this, a statle elecirle charge some-
times exists between the eguipment and gromml, and when the
helmet is placed on the diver, this charge will discharge through
his body producing serions electric shock.

Prare 71— —Diving telephone coupling, male ok plug housing ) — Assembled,

1

0040
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PLATE Tl-1Iv—Dviving telephorne couplding, mple @ faok pling hoosdng ) — T isigssam bled,

To prevent this conditlon, the diving telephone or diving
amplifier case should e grounded by the conmection of a copper
wire from a serew In the case to any metal that Is o continnons
contact with the water.  The wire should be No. 10 B, and 5.
guge or Inrger. The diver's metal Indder will often serve as a
good grounding point,  If any metal sheathed eable 8 used o
miake connection to a shore power supply, the sheath should T
groanded in o similar moanner.
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DESCRIPTION OF NAVY STANDARD DIVING GEAR

The overall trousers (pl. T4) are made of light canvas, with
adjustable straps fitted with brass buckles and eyvelets, two
piwkets, reenforced with patches over the knees, and provided
with flaps amd thongs for lachig up the legs. The overall
trousers are used to protect the diving dress from chafe and
wear.

The alr-control valve (pl. 78) ls of the needle-valve deslgn, and
iz used to control the Inlet of alr to the diver's helmet. The
vilve biddy I8 A brass casting, approximately 4% inches In length,
with a boss cast at o 35° ongle to take the valve stem, stuffing
lwx, glund, and eap nut. A retalning yoke prevents the valve-

Trousers,
overall.

Valve, nir
eantral.
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I'rate T1-E.—DMving telephone coupling, for Delmet gooseneck (femile connection)—

Ansembled.

P"’a\_—r

“T’? b4

13 «O

-

PLATE T1-F.—-Diving telephons coupling, for helmet goosencek  (Tensile  connectlon b—

T M msummasin lalasd,

stem stuffing-box cap not from backing off. Coupling nuts are
apun on both ends of the valve bhody to take the mule couplings
of the air hose. The new control valve has male threads on both
ends to tanke 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 hreastplate,

Cast-lron welghts (pl. 78) are provided In three sizes, 1. e, 25,
50, and 100 pounds.  They are of mushroom shape, Bited with
steel pad eyes as shown, amd are painted Moack.  The 25-poumnil
welghts are usually nsed as marker-buoy weights. The S0-pouml
welghts are used with the decompression stages. The T0-pound
welghts are genernlly used ns descending line welghts.

160024 — 40— —T
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Prate 73.—Diving telephone, buttery type—Wiring dingram for.
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Prate Td-A—Amplitier and tender’s reprodaver-front sml rlght side.
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Woolens conslst of woolen undershirts, drawers, socks, and
gloves, The shirts and deawers are worn usunlly 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 furnizshed in fast-dved dark colors:. The
ghirts nnd drowoers are furnished in sizes from 306 to 4. Gloves
are furnished In sizes 9 to 11,

PLATE T4.—Dver's aviernlls.

Certain other genr, soch as underwnter cotting torches, noader-
water weldiog outflis, underwater tools, ete., essential to salvage
operntions are not included in stondacd diving outfits but are
furnished ns separate and specinl items to submarine rescue and
salvige vessels. T'his special equipment is deseribed in chapter
XIX.
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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 type, and
one a8 the Ohio Rubber Co. Iype. Being light in welght and
compact they can be transported and stowed easily. While shal-
low-water diving does not present the hazurds Involved In deep
sed diving, a renl hanzard does exist to the wan nwufanmiliar with the
methods and boasle physlological principles of «eep-sea dlving.
This equipment should be used only by tralned divers or under Lhe
supervision of o competent officer or enlisted man trained in
thig field. The divers should be good swimmers, They ure use-
ful in werm water in performlng such work as examining and
cleaning ships' strainers, propeller work, ete. The Morse and
Miller-Dunn types each consiets of A helmet, lead welght= at-
tached to the helmet, M) feet of rubber air hoge, and o wano-
ally-operated hand pump.  Thelr prineiple of operation is the
snme. Alr is supplied to the helnet by operation of the hand
pump at a pressare greater than the surrounding water pressure
at shullow depths. The excess air pressure in the helmet prevents
the water, which of rourse has aceess through the bottom
of the helmet, from rising above the level of the air inlet. It
is for this reason that the oir inlet is located near the bottom of
the helmet. Kxeess alr eseapes through the bottom of the hel-
met. If the helmet s tilted too far from the vertical, there is
danger of all of the air in the helmet esenping and the helmet
filllng with water. While the diver may stoop slightly without
this cecurring, any tilting of the helimet in excess of 45° will
allow the water fo rise In the helmet above the level of the
diver's mouth and nose, Likewise, If the pressure of the mir
supplied to the helmet is less than the pressure of the water
surropnding the helmet, the water level rises In the helmet until
the internnl and external pressures equalize. Accordiugly, care
ghould be taken that the depths to which dives are made are not
greater than these to which the pump ean supply alr, In volume
and pressure commensurate with requirements. The Ohlo Rub-
her Co. type consists of a rubber face mask, one mmreturn valve,
2 palrs of diver's underwenr, 2 pairs of rubber sneakers, one 50-foot
length of air hose, one 3-foot length of alr hose, un expansion tank,
and a manually-operated hand pump of thie same (ype 88 supplied
with the Miller-Dunn or the Morse type apparntug,  Detalled (n-
stroctions are fornlshed with the foce mask ootfit. With this
type apparatus, the diver has greater freedom of movement, and
can assume any position without water entering the face mask,
provided air of proper pressure 8 continuously supplied to the
mask. It = also essier for the diver to maintain an uprlight

26



SHALLOW-WATER DIVING APPARATUS

position with this type of outfit than with the helmet ypes.
For Navy work, use of shallow-water diving outfirs ls restricted
to depths of 31 feet or less. A detalled deseription of ench 1y
follows :

The Miller-Dunn Nuvy itype shallow-water diving outfit Is
shown on plate T6.

Helmet.—The helmet of 17-ounce, bard-rolled copper Ig eylin-
drical in shape, domed on top, and made with a rolled edge at
the bottoem to conform with nnd fit comfortably on the diver's
ghoulders, upper chest, and back. The nnweighted helmet welghs
2614 pounds, but when properly welghted, it welghs ) ponndes,
A handle I3 riveted to the top of the helmet to foaellitate lun-
dling.

The front of the helmet Is fitted with o heavy bronze frome
In which two plute-glass windows are loeated. The windows
are made watertight by belng set in soft wicking souked with
white lend, and are secured by right- and left-handed securing
frames held to the helmet by 19 hexagonul-headwl stud bolts
Each window s 10 hy § inches, and either glass may be removed
for replacement without disturbing the other. A long-lop, shori-
bottom guard protects the gluss from breaknge. A male-threaded
alr lnlet connection, termed the gooseneck, Is riveted und swentod
on the right side of the belmet mear the bottom amd Iy curved
downward toward the rear ot a 35° angle so ws to glve o fair
lead to the alr hose. An eye I3 formed on the eurve of Lhe
goosencck for securlng the bight of the alr hose,

A copper baffle plute sweated over the alr inlet Inslde the
helmet deflects the nir upon enfrance, causing It to pass over the
faceplate and thus prevent (s fogeing. Smull holes plerced in
the bottom part of the helmet permit the eseape of exeess alr
in additlon tu that which escapes sround the shonlders,  Deond
copper strups are riveted to the front aml back plates of the
bruss ellps molded ln the leml welghts.

Four BY%-ponmd lead weights are bung on the welght straps of
the helinet, two In front and two at the back, tv prevent the
helmet from lifiing off the diver's shoulders. They sre secured
to the belmet by marline stops passed through holes provided In
the welghts.

Pymp.—The alr pump 8 8 twin-cylinder, xingle-action pump
that i= manually-opernted by a lever 37 inches long, Mtled with n
hardwood handle. The welght of the pump complete s 28
pounds, and 8 deslgned nod eonstructed to sapply an adegunte
amount of wlr down to depths of about 40 feet,

The bottum plate is an irregular-shoaped lron ensting having
a vertienl standurd In the eenter to which is plnned o rocker
arm or beam of the some materinl. This rocker arm or beam
haz n drilled fork end to which are pinned the apper emds of
the plston rods, A socket plgo formed in the rcker-arm east-
ing provided a means for holding the pump handle that Is held
in place by n =et screw.

The vertlcally memnted e¥linders are of seamless driwn birnss,
3.375 Inches In diameter. and have an inside depth of 5 ucles,
Each cylinder In closed nt the bottom by n composition nwtal
hend screwed amd swenled permonettly In plaee. Coast with

Miller-Dann
Nary type.
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the bottom eylinder head §s a hinged lug by means of wnick
the eylinders are pinned to the bottom of the plate. This owethod
of securing the cylinders permits them to move slightly in a
vertleal plane In order to center thelr axis with the ends of
the rocker arm or beam that makes a vertical are on the apward
and dowoward strokes of the piston,  There is a dreilled, threaded
extension on the bottom eylinder heads In which 5 screwed the
e lead connection east in one with the valve body., Inside the
bottom exlinder head, nn alr chonnel i8 scored out that leads
to the alr conpection.  The top cylinder head ls threaded and

Prate Ti.—S8hallow water diving apparntus—Miller-Dunn type.
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screwed on the cylinder., Lugs cast in ove with this hend may
be engaged by a hook spanner wrench for tightening or removal,
Besides the cemter hole for the piston rod's passage, four other
holes are drilled throogh the top cylinder head. These holes
not only prevent cushloning on the upward stroke of the pistons,
but also allow for oiling of the piston leather, for heat dissipn-
tion, and for lightness.

The plston conslsts of two cast disks with a cup leather Inter-
posed between them, nnd when properly assembled the plston
has a thickness of 1 Inch. Length of its stroke is 3.75 inches
and stroke delivery when 100 percent efficlent is 33.55 cuble
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 n centrnl hole In the upper disk
and cup leather nand screws into the threaded hole In the lower
disk of the piston.

The vertical position valve bodles are luterconnected by a
T-inch length of flexible rubber hose thus constltuting the pump
manifold. Near the manifold alr connection to each bottom cyl-
inder head is a small screw that may be removed to drain
any excess oll formed In the cylinders. The upper ends of the
valve bodles are closed by nuts, When faclng the pump mani-
fold, the right-hand valve body nut has an alr connectlon for
the male end fitting of the diving hose. In the lower end of
each valve body ls serewed o nut that hos a 3-inch hole drilled
throogh Its center. Thils hole forms the suction Intake for each
cylinder, and the vpper Inslde part of the nut forms a seat for
the inlet valve. The floating-type Inlet valve has o short-fluted
atem and a leather-washer-faced, flat seat. This valve Is held
seated due to Its own welght and the pressure of dellvery air
when [ts respective cylinder Is under compression. The wvalve
lifts on the suction stroke permitting mir to enter the bottom of
the cylinder. An outlet valve similar In shape and size to the
inlet valve ls located in the upper part of each valve body
and reats on its seat formed In the valve body. The compression
sitroke causes this valve to lift, and the air discharges Into the
air hose.

Air hose.—The alr hose s a flexihle voleanized rubber tube
surrounded by a two-ply, bralded, duck covering lald In rubber
that, in turn, Is covered by a smooth outer layer of rubber. The
hose is 50 feet in length, welghs 168.75 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 coonects to the pump manifold. The other end
is fitted with a female-type coupling that comnects to the goose
neck at the helmet. The hose Is marked FOR SHALLOW WA-
TER DIVING, about 2 feet from elther end with Inlald letters.
The speclal thread used on the couplings and this inlaid mark-
ing om the air hose are precautlons taken to prevent the use
of the shallow-water diving hose with the standard No. 1 and
No. 2 deep-sea diving outflts.

The wooden stowosge bor measures approximately 15 by 12
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by 42 inches, and i furnlshed as a part of the ootfit. Totnl
weight of the complete boxed ontfit is approximately 105 pounds
The Morse type of shallow-wiater diving outfit Iz shown on
plate 77,
Hepmet—The helmet welghs approximately 20 ponnds and
is mude of spun copper. The upper portion of the helmer is
spherlieal in shape and the lower portlon I8 shaped to it com

Pryte 35— Shnllow warter diving apparatns-——A, 3, Moo Co, {yge.

fortubly on the diver's shonlders, vpper chest and boack.  The
in=ide dlonmeter of the nevk portion of the helmet is 91 inches,
whereas that of the spherieal portion is large enough to per-
it the diver to move hifs heod freely,  The front of the helmef
is fitted with a single enrved windew made of shatterproof
glnss,  The window is made watertight by belvge embedded in
rel-leadd puatiy, i oo bezel, and securved by o bronzge frome that
i Dell fust to the bezel by broass serews. No diviog guand s
fitkedd 1o the Inminnted glass window, but o bross plate stowage
gnard is pravided, to protect the window when the helmet Is oot
I wse it d= gitted over the window and beld in place by two
tinmh serews,  The gloss is 1215 inches long, 71 Inches wide.
andd Yy-ineh thick, and the corners are ronnded with o 2%-Inch
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radius, The top of the window is tipped salightly forward to
give the diver greater range of downward vision. Alr is ad-
mitted to the helmet through a 90° elbow, turned downward
nt about 30° to give a falr lead to the air hose. After the alr
passes through this elbow located at the back of the helmet, it
iz conducted by two 2-inch passageways opening at elther slde
of the window., A bronse swinglng handle is secured to the
top of the helmet to facilitate bandling. An eyelet placed on
the left-hand side of the helmet provides an anchorage for se-
curing the air hose after It passes nnder the diver's left arm.

Afr pump—The alr pump Is & two-cylinder, single-action, man-
ually-operated pump that welghs approximately 62 pounds, The
cylinders, base, and handle pivot are mude of a single bronse
casting.

The cylinder block i8 secured to a plank that is 12 Inches in
width and of sufflclent length to extend approximately 12 luches
ou efther side of the block. This plank extension provides the
uperator with standing footroom when operating the pump, there-
by stendying it The Inside diameter of each cylinder is 3.626
Inches.

The pistons are 0.75 inch thick, and are 0.0825 Inch smaller in
diameter than the bore of the eylinders, They have a stroke of
85 Inches, and n theoretical delivery per stroke of 72.84 cuble
Inches. The waste room la approximately 0.4 inoch. Easch pis-
ton Is rigidly connected to Its respective cast-bronze piston rod,
und has cut in it a single annular groove 0.5625 inch deep. Thix
groove I8 Aat on the pressure side and Is curved on the opposite
face. Eleven 0.228-Inch diameter holes are drilled on the pres-
sure slde to meet the base of the groove. Into the groove la
plneed an ofl-saturated leather ring that stretches over the face
of the piston and settles Into the groove, The shape of the
groove prevents the ring from reaching the bottom of the groove.
The thickness of the leather ring is slightly less than the width
of the groove. Oll ports are provided for olling the plston
lenthers.

From the foregoing, it will be noted that the plston ring Ia
nlgo the inlet valve. The valve chamber is cast Integral with
each cylinder head. On the intake stroke, alr 18 drawn from
the rear of the platon, past the leather ring that 18 forced agalinst
the flat wall of the groove, and through the passageway left
to the rear of the leather ring, under it, out through the 11 holes,
nnd into the cylinder. On the reverse stroke, the leather ring
clamps tghtly against the curved rear face of the ring groove,
nnd forces the nir through the check valve placed In close prox-
Imity to the end of the cylinder. The air ia then delivered
through the respective outlet valve Into the sectlon of brass pipe
that connects the outlets with a T casting. This T casting har
two openings: One for the alr-hose connectlon, and the other
for the pressure-gage connection. The pressure gage when in
position is set at an angle g0 It may be read ensily by the pump
man.

The plston rod Is 1.5 Inches in dinmeter, la cored for lightness,
and is milled at its center to recelve the forked end of the
rocker nrm, This rod runs in an ample bearing that is cast In-
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tegral with the cylinder biltck, and bored at the snme setting to
assure perfect alinement. Uil possages are provided for oiling
the piston rod bearings.

The manganese bronze rocker arm s plveted on a 0.625-inch
pin aochored in the cylinder block easting. This rocker arm
operates the rigid unit composed of the two plstons and the con-
necting piston rods, and hes an upward extension provided with
a 0.75Ineh east key. This extension fits the lower section of
the mallegble iron operating rod. The two sections of the op-
ernting rod are simllarly keyed and are held together by two
bolts.

An B-Inch wooden cross handle 1= fitted at the top of the upper
section of the operating rod. The length of the assembled handle
from Ite plvot I8 3 feet § Inches,

Air hose and chest.—The alr hose, hose connections, and the
storage chest for the Morse apparntus are similar to those de
scribed In the foregolng es forming a part of the Mlller-Dunn type
of apparatus,

The Ohio Rubber Co. type shallow water diving outfit s shown
on plate TTA.,

Face miask.—The face mask (part 1) 18 a molded rubber face-
piece secured to the face with rubber straps. These straps nre
secured together with a buckle at the renr. The eyepiecea are
of tempered glasse. A “demand” type breathing valve i secured
to the front of the musk, about the level of the chin and ls 8o
designed that with a constant air supply of 90 pounds pressure
this valve will open only when the diver inhales. On exhalatlon,
the valve remains closed. The valve Iz also provided with n
push button valve which if pushed will open the demand valve
thereby furnlshing an easy and quick means of obtalning an
necess of alr In the mosk. The alr supply line (part 23 s
connected to the demand valve. A bypass valve is provided
by which the diver may recelve n contlnuous flow of alr as in
any other diving outfit. The mask however ean be used without
the demand type valve hy eonnecting the ale hose direct to the
alr fitting on the mask. When so connected exhaust air escapes
aronad the edge of the mask. In order to preveut the diver's face
from belng squeezed in the event that the air hose becomes severead,
n safety nonreturn valve is placed in the line hetween the demand
valve and the hose coupling.

Volume fank.—Due to the small alr capacity of the face-piece,
it s necessary to Include a one-half cuble foot capacity or larger
volume tank (part 3) In the alr supply line to ellminate the
variable pump siroke pressures delivered by the shallow-water
diving pump. The volnume tank Is not requiredd when nsing com-
pressed air from a source having a continuously stendy flow or
when using oxygen from a cylinder.

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

Air hose—The alr hose Iz 5/16-inch Inslde dlameter rob-
her hose of the type used with oxy-hydrogen under-waler cutting
outfits,
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CHAPTER VI

CARE, SURVEY, AND REQUISITIONING OF
DIVING GEAR

Every effort shull be made to prexerve the fine appearance of
diving apparatus, to keep It in good repalr and ready for im-
mediate use, With this cud in view, the fostructions contained
in this chapter shall be ¢arried out in detail.

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

All chests of diving apparatus shall, when sufficient space s
availuble, be kept habltually stowed under cover, away from
stenm pipes nnd excessive hent, When It {8 neecsrary to Keep
them in the open, and exposed to the weather, sultable canvas
covers shall be provided aud used to protect the outfit,

Spare parts of diving apparatus not required for immedinte
nse shull be kept in sultable storeroom, and when drawn for
nse shall be replaced by new parts at the earliest opportunity.

Unless properly cared for, lesther articles nsed in water wliil
soon become dry and hard and linble to erack. Finlshed leather
containg a certaln amount of oil and grease, and when this is
washed out, the leather loses (18 fexible guality and will soon
show signs of deterioration. Oeccaszionally the leather parts of
diving apparatus should be given a coat of neat's-foot oll well
rubbed in, so that the articles will not be disagreeable to handle.
To treat leather progerly with went’s-foot oll, place the article
te be treated fint if possible. Then soak a rag io oll and apply
ong cont of oil at a time until the oll sonks through on the other
side. Do not attempt to apply the oll from both sldes at once
nnd do not submerge the artiele to be treated in the oll

All metal parts of diving npparatus should be kept free of rust
or verdigris, In effeient working order, and protected from in-
Jury.  Bpecinl precautions are to be faken with valves, valve
sopts, and like parts. Parts not kept palnted, polished, or gal-
viouized shomld be kept Hghtly coated with oil.

As oll or grense is specially destructive to rubber, parts of
diving apparatus composed of rubber must he protected from
ofl or grense n any form.  Diving dresses, and other parts con-
sisting of rubber with cloth enverings or cloth insertions, shall
not be put away while daomp or wel. Rubber materlals, when
folded, arguire o permnent set at the hends, and later, when
n=ed, nee apt to erack open or break at these peoints, Such ma-
terinls should as far as peactieable be stowed without folding.
The Instructlons for making repairs to diving dresses also apply
to other rubber or rubberizidd materlals,
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The longevity of rubber i{s limited by the characteristics in-

berent to material of this nature. In using rubber parta of div-
ing apparatus, preference should be given to those of the oldest
date of manufacture so far as it s practicable to do so without
Jeopardy. For example, hose, so far as concerns its use as div-
ing air hose, has & stipulated life limitation. The entire amount
of diving alr hose furnished with diving outfits Is seldom re-
quired for an individual routine diving operation. Consequently
when new hose is obtalned to complete & diving outfit, this
new hose should not be put Into use until the old hose has
redched Its age llmitation or has become unserviceable for
further use.

The outfit and helmet chests, and pump case of the diving
outfit shall be kept clean inside and out. They shall be finlshed
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 exterlor lron 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 ordinarlly supplied are not required for their original
purpose, the chests should be turned into store,

All cotton and woolen goods should be kept clean and dry and
in repalr. When not In use, they should be stowed with a
larvicide such as naphthalene and kept tightly wrapped in
paper. Dirty woolens shonld be washed with sogp and tepld
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 detall. It shall thereafter be maintained
in the best possible state of efficlency.

When It {8 known that the commanding officer is about to
inspect the parts of the ship in which diving apparatus 1z stowed,
the apparatus shall be convenlently arranged for bhis inspectlon;
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, ete. The
diving alr pump shall be hove around several timea; If a power
driven alr pump Ig provided it shall be run or jacked over; helmet
valves, faceplates, and fittings examined ; telephone batteriea (if
telephones are of battery type) tested; diving dresses Inspected
for damage or dampness, and repaired and alred, If necessary;
dirty woolens washed and drled ; oll separators cleaned, If neces-
sary, and their filters washed In hot water and dried; diving
knivea and thelr cases, all tools and metal fittinge clenined and
lightly olled; diving shoes, belts, ete., attended to; lengths of
air hose that have been coupled together a long tlme shall be
parted, the coupling threade lightly oiled, cleaned of grease or
dirt; the Interlor 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 Itz com-
pleteness and serviceable condltion and the satisfactory condl-
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tion and allowed quantity of spare parts assured. At this in-
spection the efficlency of the diving anlr pumps shall be proved
nud recorded In the ship's diving log book. On ships using
wecumulators, alr banks, or other simllar sources of compressed
nir supply, the systems shall be checked for thelr efficiency and
satisfactory operation. Deficlencles ghall be corrected and the
resulte recorded in the diving log book. Alir-regulating eseape
valves, air comtrol, safety, and nonreturm valves of the diving
helmet, and all valves of the diver's alr supply system shall be
tested for satlafactory operation. HRecompression chamber valves
und gages shall be operated and checked for efliclency. Diving
telephone systems shall be checked and tested. Motor launches
used for diving boats should be examined to Insure that means
for securing the diviog air pumps are in place and in soltable
conditlon. Where such boats are equipped with alr flasks for
unsé in lien of pumps, the system should be examined to insare
that the number of flasks, plping, gages, test tank, ete., conform
with the standard arrangement shown on plate 85.
Diving belts, After use the dlving beit should be thoroughly dried. Be
: fore storing, the buckles should be cleaned and given a thin
coat of light ofl. The belt and strapas, If atiff, shonld be treated
with neat's-foot oll. Leather, unless properly cared for, de
teriorates rapldly nnd such deterioration ls not always discern.
ible from visusl examination. Consequently, the belt straps
including the shoulder and Jock straps should be tested for
tensile strength. This may be accomplished by securing a regu-
lar diving belt buckle to the overhead, run the strap to be tested
throngh the bnckle; thenm have a8 man of about 180 pounds
welght gradunlly put his entire welght on the strap. Straps
In satisfactory condition will withstand the load. In the past.
the majority of fallures have occurred In the vicinity of the
hole punched In the strap for the grommets taking the buckle
tongue. Defective or deterlorated belts should be replaced by
requisition.

Diving dress. After unse the diving belt should be thoroughly dried. Be
juside, or body waate odors prevall, wash with clean water in-
slde and ont, turn the dress Inside out and hang up In the shade
to dry. When dry, the dresses should be turnmed right side out,
the outslde dried, repalred If necessary and the dress hung
up in the locker or diving room. If the dresa has been used
In salt water, it shonld be wnshed off in fresh water. Am
ensy nnd efficlent mode of drying the diving dress s to take
two wonden battens about 8 feet long, secure them together in
the form of B8t. Andrews cross, place them Inslde the dress, and
pass another throngh the arms to keep them distended. The
dress 1s then leaned at a slight angle untl it s dry. On oo
necount must & dress be packed away In n damp state; they
must he thoroughly dried inside and out—otherwise they will
mildew ond become rotten.

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

Diving dresa Repair cloth |s furnished with diving ountfits for patching div-

repke. Ing dresscs when necessary. To patch a diving dress, the de-
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fective portlons 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 comts of rubber
cement preferably with 2 small clean paint brush, each coat
belng allowed to dry 45 minutes. Prepare the patch by cutting
a plece of the repalr cloth about one Inch larger on all sldes
thau the exposed rubber surface on the dress to be patched;
remove sheetlng wrapping protection cloth from the pateh,
loosenlog It, If tightly adliered, with benzine; swab the sxposed
surfuce with benzine and apply one thin coat of rubber cement
nllowing same to dry for 45 minutes. Before applylng the
cement the patch may be temporarily secured with tacks fo a
flat board to prevent the edges from curllng. Next lny the edge
of the patch on the exposed rubber cemented surface of the
dress, then gradually work the pateh down onto the dress, using
the fingers so as to remove all wrinkles and nir bubbles. Next
subject the repalred part to pressure elther by the nse of a
hand roller, rolling tool, or flatiron. 1f any part of the edge
nf the patch does not appear to be adhering thoroughly and is
inclined to curl, trim the loose part with sliarp sclssors

Tears in the collars of diving dresses ure usunlly confined to
vicinity of the bolt holes. 1f a bolt hole becomes torn, the tear
should be sewn together with herringbone stliches, the needle
holes flled with rubber cement and allowed to dry, nfter which
1 pateh should be cemented around the damaged hole on elther
uide of the collars, ‘The rubber collar la sewed onlo the Inslhde
lnyer of cluth as well as belng cemented In pluce, at the time
of manufacture of the suit. Replacement of rubber collars by
ships' forces s not approved.

Attachment of cuffs to the diving dress Is accompllshed iu
the manner prescribed for patching the dress, except that the
wedges of the cufl are recemented If necessary and a thin strip
of repulr eloth Is cemented on over the jolnt formed at the end
of the sleeve and the edge of the cufl.

To attach glovea to the dresa: First, remove the rubber cuffs;
next, with the sleeve plugs (pl. 80) in place, clean and prepare
as described for patching nnder dress repalr, about 2 or 3 Inches
of the end of each sleeve, The wrist of each new glove Is en
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 guunt-
let part of each glove lg turned back, roughened, clenned, e
mented, and siretched over the small end of the sleeve ping,
up to the edge of the respective sleeve and with the thumb of
the glove on a llne 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 torned 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
patehing, and fitted without wrinkles over the joint of the glove
and dress so that the ends of the strip will overlap each other
about 2 Inchea, After the lapse of another 48 hours, the sleeves
are turned Inside out, nnd In the same manner, cover the Inside
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glove dress joints, Unless emergency requires it, do not use
the dress for another 48 hours,

To repair a glove: Firgt, remove the worn fabrie from the
glove, and prepare the exposed rubber in the same manner as
described for dress repalr. Cut patches for the glove ac
cording to the patterns shown on plates Nos. T8 to Bl ns neces-
sary. Prepare the patches and rubber surface of the glove at
the same time. When both are ready, have an assistant puot
on the glove and half close his hand to conform to the natural
molded curvature of the glove. The thumb patches are thea
applled, eare being taken to smooth ont aoll wrinkles. 1'nlm
patches, If necessary, are next applled, and the wrinkles amoothed
out along the entire surface of the patch. Clip off rough edges
of the patches and remove glove. The glove should be ullowed
to set at least 48 to 72 hours before using.

The helmets shall be kept hubltunlly screwed onto their re-
spective breastplates, and the wing nnts lightly serewed onto the
studs to prevent damage to the thrends. The blank cap should also
be serewed 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 belug stowed away in thelr chests or In the diving ap-
paratus room, the helmets should be wiped over Inshde and out
with a dry cloth to prevent an aceumulation of molsture from
rusting the dlaphrogms of the telephone units. Neglect of thi=
precaution soon remilers a diving telephone system useless,

The lens of faceplnte= should be checked to see that It is
firmly imbedded in lts red lead and Htharge seat, and that the
lens I8 not eracked,

Examine the faceplate hlnges, hinge plns, rubber gasket, and
knife edge for defects. If the seat for the wing nut on the
front faceplate I8 not countersunk, have it 20 modified before
the helmet ls used.

Check the splt cock to Insure that Its valve functioning parts
are sufficlently tight to prevent aceldental opening of the valve.
Insure its stop pin being In ploce and the air duct clear when
the valve I8 open.

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

Examine the helmet lock and its stopgap for defects.

Bee that the neck-flunge gasket of the breastplate sents Is
even all around, and sce that it is treated with oeat's-fool oil
cecaslonally.

See that the screw threads of the bayonet jolnt are free of
burrs and other defects,

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

See that all metal parts are free from verdigris and corro-
slon,

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

If, as a result of wear, a helmet when serewed onto its breast-
plate will go 8o far round to the right that the safety locking
catch at the back is past its recess, and the faceplate ls not
directly In front of the diver's face, oue or more paper washers
should be cut and inserted under the neck-flange gasket on the
breastplate or a new gasket should be fAtted.

The helmet valves and fittings must frequently be overhauled
and the parts of valves lightly olled. The proper functloning of
the safety (nonreturn) valve s most mportant and it shall always
be carefully tested before o diver ls permitted to descend. It
ghould be examined frequently by disassembling It wnd removing
all verdigris. The leather valve disk should be inspected for wenr
or tear, cleaned, and given a coating of peat's-foot oil. The valve
gpring and valve atem also should be glven a light coat of oll.
To test the valve after assembly screw It lo the reverse muanner
anto 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,
nnd note If any bubhles of air Izsue from the valve. If none ap-
pear, the valve |a tight: if not tight, a new valve lenther or gpring,
or both, should be installed and the test repeated. When screwed
in place on the alr connection of the helmet, the valve should be
tried to see that it works freely and seats smartly upon relense of
presaure. Verdigris sometimes canses the valve to be sluggish in
ita netion, the spring may be wenk, or the follower nut may not be
screwed all the way down. The Inside diameter of the gasket be-
tween the valve and gooseneck should be checked, as it is posslble,
by settiog np tight on the vnlve, to spread the gasket so that Its
edge is forced Into the air passage, thereby greatly restricting
the flow of alr to the diver. If these precautions are cnre-
fully observed, the safety valve can be absolutely depended upon
in an emergency; i neglected, the safety valve may fall at 8
critical time with disastrous resualts.

The air regulating exhaust valve should frequently be ine
spected to Insure that It s clean and lightly ofled, that the ex-
haust tube Is clean, and that the valve seat iz tlght. The sec-
ondary spring should open when the pressure on the seat exceeds
the outslde pressure by 2 pounds. [t 1s extremely lmportant
that this valve be frequently and carefully Inspected. A fallure
of the alr regulating escape valve may result in “blowing up”
of the diver.

Before putting a pump away it shonld be tested and repalred
if necessary, the water clstern dralned by unscrewing the water
draln-off nut and cleaned of any excess oll or grease, The
wheelg should be unshipped and the shaft-protecting caps boelted
in place,

A common error ls the use of an excessive amount of ofl In
the cylinders of diving pumps. This cunses oll to be enrrled
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over luto the air hose, and oll or grease causes rapid deteriora-
tion of any robber material with which it comes In contect.

On each cylinder cover of a diving alr pump {8 & small oll
cup for lubricating the pistons, which ls done as follows: A pls-
ton Is brought toe the top of its cylinder, the oll cup filled with
uent's-foot oil (nonodorous), and the cup Iz then opened. The
crank {8 revolved until the plston ig forced to the bottom of the
cylinder, sucking In the oil as it descends. The oll cock is then
closed ; If the cock were left open, the cylinder would deliver
ne alr on the upstroke. When the pump Is in use, one such oll-
ing for each cylinder per day is ample; when lald up, once o
month will suffice, During the operation of a diving alr pump
n few drops of lubricating oil should be placed in each of the
crankshaft bearlng ofl cups. The piston rods- should also be
lghtly olled; however, nothing but neat's-foot ofl or o mixture
of neat's-foot oll and olive oll In equal parts should be used
for thls purpose, lest an injurious oll 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 reservolr cover plates of diving pumps should be re-
moved, the air reservolrs thoroughly cleaned of execess oll or
grease, and the bottom outlet valves looked after.

Lignum vitee handles shonld be well shellacked, polished and,
when In use, the pump-shaft handle gshould be kept well lubricated
with a mixture of oll and graphlite.

It i3 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 ls suspected, by one of the following
methods ;

{a) Connect two or more lengths of alr hose together;
join one end of the coupled lengths to a delivery nozzle of the
dlving alr pnmp commencing at the free end, mark the hose
nt every 10 feet, {f not already marked; attach a welght to
the free end and with the pump heaving round, lower the end
of the hose under water nntil the first 10-foot mark Is awash.
Then stop the pump, tap the goge, take Its reading, and record
it. Heave round the pump again, lower the hose an additional
10} feet, take and record the gage reading, contlnue process, etc.

{b) The glr hose must, of course, hang up and down in the
water, so0 the test should be done at slack water or, If a boat
iz to he used, If may be allowed to drift with the tide

(e) Another and more accurate method of testing the gage
15 to use the dead welght gage testing outfit furnlshed the en-
glneering department of your ship.

{d} The results are to be tabulated, as per the following ex-
nmple, and a table of the errors pasted on the Inslde of the
cover of the pump chest, where it can readily be referwed to.
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Result of test of left gage
{Rept. 24, 19G8]

True depth | Ongs shows—
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Nore—'The guges on diving ulr pump can be changed over ro
s to bring the more nearly accurate ope to the left-hand side;
it Is the left-hand gage that is most used,

A certaln amount of waste room In all diving pumps, soch
ns plston clearances, etc., 18 unavoldable; however, alr leaks,
due to faulty plstons, worn valve lenthers, poor connectlons, ete.,
tan be remedied. If not remedied, the leakage of air will rap-
idly become worse, and In time bring down the efficlency of the
pump to zero when it ls operated agalnst pressure. '

The percentage efficlency of diving alr pumpe shonld be fre-
gquently checked. It can be practicelly and approximately de-
termined by pumping sir Ioto an air tank of known capacity,
poting the number of revolutlons required for the different pres-
sures, and then, in accordance with the followlng formula, mak-
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 cuble foot capacity I8 furnished with all new diving
eutfits for thls purpose.

When :

T=Theoretlenl capacity of pomp In euble inches per revo-
lution.
P=Test pressure in pounds per square Inch (abzohite).
C=Capacity of test tank, air hose, and alr space In pump
conoectlona.
14.7=Pressure In poumds per square inch at 1 ntmosphere.
=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 :
CcpP
(1) Ti:?nk
T
2) lﬂﬂ%-pﬂmnt effciency.

{3) 100 minus percent efficlency=percent loss of efficlency.

The theoretical volumetric capacity of the Mark III Navy
standard diving alr pump per one revolution is 405 cuble Inches.
The wvolumetrie capacities of alr spaces contalned In the air con-
nectiona (capacity of branch pipe, gage pipe, alr reservolrs, ete.)
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are B3 cuble Inches., The eapacity of a 50-foot length of stondard
diving air hose ('4-inch internal diameter) is 117 cuble inchea
In using the test tank as a reservoir for measuring the volume
of alr furnished by a diving pump, the capucity of the air hose
connections between the tank and the pnmp and the capacity
of the alr connections of the pump must be added to the capacity
of the test tank.

For convenlent reference, the following table has been compiled
and shows the approximate losses of efficiency at different per-
centages on different revolutlons of the Mark 111 Navy standard
diving alr pump in service when tested In the manner prescribed
to 100 pounds gage pressure per square Inch, uslng a test tank of
1 cuble foot capacity and a G0-foot length of air bose hetween the
tank ond pump.

Revolutions: Percent loss
of efficiency

B e ————————— cm——— L
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< e 15
S —— 20
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B e e e e 40
I e e i e i A e e e e e S )
BB e e e o
D s e i e e, R
B e e e e 60
B e e e e 65
] | e T e e gt e S | |

When testing an air pump for efficiency according to thia
method, errors are easily made In recording the exact number of
revolutions reguired for n given pressure; therefore, each test
should be repeated two or three thines and the average results thus
obtained should be taken as the true result. On account of the
heat generated when compressing air and the conseguent Increase
In volume due to expansion on account of the heat, coollng water
should always be used in the wuter clstern of diving air pumps
when they are belug opernted agoinst pressure,

If, after testlug a diving aulr pump, It {8 found to have decreased
in efficlency more than n rensonable percentuge from the above
requirements, the pumps should be carefully examined for alr
leaks, amd If, after examining the valves amd air connections,
these are found to be tight, the canse of the additional loss of
efficiency maoy be nseribid to the pistons, which most lkely are
in need of new leathers,

Spare piston lenthers for diving alr pumps are sometimes s
trifle large and when assembled on the piston cannot be entered in
the cylinder. In this ease the piston a=ssembled on its roed should
be centered on a Inthe and o Hght cut taken off the leathers to
make the diameter of the piston equal the Internnl diameter of Ita
cylinder. This operution must be done very carefully; & sharp
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tool must be used to tarn down the plston. Also o piston must
tit very neatly in the cylinder und the length of the plston must
be such as to leave only a very smiall elearance in the cylinder
with the plston on the down stroke, If the piston is found too
short, leather, paper, or thin metal disks must be added, ns
necessary, and if too long some of these should be removed as
DECessary.

The Illustration, plate 61, shows the assembly of the diving alr  pigton
pump piston and should be referred to, |f necessary, when the Sssembly.
plstons are to be overbauled.

The diving alr-pump valves. particularly the bottom outlet Leaky pump
vilves, are sometimes found to leak, due to Injury of the valyve Yelves.
leathers, dirt or grit on the valve seats, or to Injury of the valve
sents. These troubles nre readily apparent upon inspection. The
bottom valves can be examined or repaired by laying the pump on
its side and removing the alr chamber covers which are held by
hexagon enp serews. The suctlon and outlet valves con then be
removed with a monkey wrench, The valve stems of both valves
are interchangeable. When the valve stem {a used on the suction
valve, the brass spring ir reversed and A nut and pin added. An
alr leak around the transfer valve can be detected by the folluw-
ing method :

Connect the testing tank to an alr supply (another diving
pump) : Plaee a nonreturn valve (helmet safety valve) in the alr-
supply line to the test tank; connect the outlet nipple of the test
tank to the right-hand alr-dellvery nozzle (opposite the transfer
valve to be tested) ; pump alr Into the test tank untll the gage
records conaldernble pressure. If all the connections are tight,
the nonreturn valve dees not leak, and the pressure In the tank,
as lndicated by the guge, decrenses stendlly, it 18 proof that the
transfer valve leaks. The services of a skilled mechanie should
alwars be obtalned to repalr a8 leaky transfer valve as this type
valve Is very difficult to repalr.

The labor of operating a hnand-driven diving alr pump increases  Other condi-
much faster than the increase in pressure of air belng delivered— ﬂ":'l_":rr'_"““'
Lience If a pump I8 found not difficult to operate ngninst pressure, ::;ﬂr‘ l;:ﬂﬂ:lﬂtr
that pump is In peed of Immedlate repair; however, on the olher repalra.
hand, any one or a combination of the following conditions will
unnecessurily ndd to the labor of pumping :

(a) Crankehaft bearings, brasses set too tight.

(h) A bent erankshaft.

{r) Stuffing box gland nuts set up too Light.

1d} A bent piston rod. .

(v} Lack of proper lubrleation.

(f) Grit or dirt in bearlngs.

{g) Transfer valve lmproperly assembled.

{(#) I'mnp-wheel handles too short

(i) Mstons etriking on down strokes.

{7} Pump improperly secured,

While the remedies suggest themselves, the following hints may
be of value, remewbering always to replance parts according te
the murks:

Crankshaft bearlngs shonld be set up earcfully ; Just tight
vnough to prevent end play of the shaft or to eliminate knocking.
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If reference marks nre lightly scribed across bolt heads and
onto n permanent part, they can be returped to their original
setting without difleulty.

If it is suspected thut n crankshaft ls bent, this can be deter-
mined by centering the shaft In a lathe and checking its allnement
between bearings,

To adjust the settlng of stufling-box gland nuts, slack up the
nuts, blonk off alr-delivery nozeles, pour a little neat's-foot all
aronnd the piston rods, revolve fiywheel on pump, and watch for
alr lenks around the rods which will be indicated by all bubbles
Bet up on the gland nuts, a llttle at a time, unttl the leaks disap
pear. Oceasionally the plston-rod glands should be repacked.

If it §s suspected that a plston rod Is bent, this can be deter-
mined by the same method as suggested above for determining
alinement of the erankshaft.

If the deficiency 18 due to lack of proper lubrication, parts
ahonld be lubrleated In accordance with Instructions In the fore-
going parngraphs. The transfer valve may be assembled In any
ome nf four positions, only one of which {8 the correct one. If it s
Ineorrectly assembled, It may sllow all the alr from the right-hand
cylinder to exhaust into the atmosphere, or, in a different position,
It may blank off the right-hand cylinder entlrely. It should al-
ways be tested after nssembly, by moving the transfer valve-rod
handle to Jdifferent positions and noting if the air dellvery corre-
sponds to the markings on the direction plate under the valve-rod
handle.

For testing diving alr pumps, they can be secured to a wooden
deck by nalling a weoden cleat to the deck on each side of and
agninst the pomp 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 belng supplled
in llen of the hand-operated «diver's alr pump (plate 81A). The
instructiona for opeenting nnd servicing this pump are peeked with
ench unit.

Diving alr hose deterlorates rapldly and the deterloration Is
necelerated If the hose is stowed In hot spaces,

Bpecinl care should he tuken tu proteet alr hose from mechanienl
injuries and from contact with oll or grease.

If diving hose has not been nsed for a protracted period, 1l
should be tested before being used, the Internal test pressure to
he nt lenst 50 percent greater than the maximum pressure of the
dive, held for a perfod of 30 minutes,

Specificatione under which diving alr boese Is purchised e
quire that the date of its manufactnre e not more than 8 months
previous to its dote of dellvery. The manufacturer's nonme, date
of manufacture, and the word “Divers” are molded in the rubber, 4
feet from each end of the lengths of hose. Alr hose over 3 years
old should not he vsed as diving hose.

Diving hose In store over 2 yvears old 18 surface Inspected and
hydrostatically tested before issue to 75 percent of the pressures
stipnlated in the Navy specifleations for new hose. When diving
nir hose 18 Issned by o yard, the yard should furnish the recelving
nctivity with & copy of the report of the last test made on the
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hose, Diving alr hose recelved from store without this report
shall not be pliced In service motil the report le received. If
emergency requires the use of the hose before such report s re-
ceived, It may be so used provided it Is retesied by the ship.

Subject to the foregoing as exceptions, diving hose 1 service
should be hydrostatically tested when it is 2 years old and again
when it 15 21§ years old. The test pressures used should bhe 76
percent of those required for new hose. New hose, before de-
livery, |z required to withstand a pressure of 250 pounds per
square inch, beld for 30 minutes without exposing Imperfectious,
and a pressure of 1.000 pounds per sguare loch held momentarily
without bursting. At this time, March 1948, the limitations on the
length of service of diver's alr hose are belng Investigated. It is
consldered that the perlod will be extended for use at depthe
lesg than 150 fest.

In making the tests, one length of hose, selected at randon
from each lot of hose on board of the same date of manufacture
ns representative of the lot, should be subjected to the burst test.
If the hose falls, the entire lot represented thereby should be re-
placed. Lengths of hose which have been subjected te bursting
tests should not agein be used for diving hose, but should be dis-
carded and replaced. Replncement requirements for such lengtha
of hose should be anticipated as far In advance of the tests us
poasible and new hose requisitioned accordingly.

The ends of each length of diving alr hose are capped with n
rubber compound ¢y Inch thick to give the ends of the hose
smooth and watertight finigh, It ix sometimes the practice to cm
defectlve sectlons out of & length of hose and recouple the gool
sectlons. 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 inper tube of the hose,
forming bubbles which weaken the hose.

When coupling lengths of alr hose together, a leather washe
should olways be placed in each female coupling and care tuken
to insure that the inside of pew hose Is free of soapstone. Al
hose should not be coupled directly to the alr supply but to the il
separators. Whenever special couplings such as double-male or
double-female couplings are used, they should be placed in the
line of alr hose so that they will not be under water. Buch cou-
plings are Intended for nse In making surface connections.

If a long length of alr hose has been In use, moisture {8 sure to
have accumnlated in it. The 50-foot sections should, therefore.
be separated and dralned before stowing.

The efficlency of the diving telephone equipment will be lm-
paired by careless treatment. With a reasonable amount of al-
tention the present standard diving telephones should give good
service indefinitely.

Every part of the telephone outfit should be thoroughly cleane]
ond dried before stowing it away. The contacts of the pluga nml
the springs 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. OIil should not be nsed op the contacts and
gprings, a8 oll tends to retain the salt contained In the water,

Care of
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Good eontact must be obloined by keeping the connectlons bright
and clean. Verdligris on the jacks and plugs must not be tolerated,
a8 the enrrent passing through them iy so small that the leas
interference will stop its flow aud pat the telephone out of com-
mission. Geod contact must be attained by keeping the plugs awd
contact springs clean and bright, with the Jack boxes correctly
lustitlled in the helmet gooseneck and cable connections so that
they present proper alinement with the jack plugs. It is of mo
nvull to use two hands on the telephone wrench to obtain contact
by furee. Such mensures will probobly bend the plugs apd break
the insulatlon bushings, resulting in leaknge of water which
eventunlly permeates the enble vin 1i8 central holsting imember nnd
condunetors.

Under the conditlons mentioned in the foregoing parngraph. I
I# sometimes found that shaking the jacks in thelr jack boxex
reault= In renewed communication without the canse of the tronbl:
being evidencesl, However, It should be remembersd that stoge
pnge of telephone communication even temporarily iz Indicative
of a short, o ground, or break in the elreults and every effors
should be made to locate it,

If the nmplifier ecomes inoperative, the power line should be
checked to see if it iz energized und of the right polarity; if of
type A nnd a storange battery Is used ax n source of power, the
hattery voltuge should be checked. If the power clrenit 18 found
to be sutlefactory, remove the fuse posts on the spliter with a
serew driver and exnmine the fusef for burn-outs, Defective
fuges should be replaced with goml ones of 3 nmperea rating.

If the foregelng procedure does not restore operation, the most
likely source of trouble Is fallure of one or more of the vacuoum
tubes or if the wnplifler Is the batteryvless type, failure of the power
supply vibrutor. To check or reploee these tubes, the amplifier
wnst e removed from s cnse by removing slx screws located ns
fullows: Two In the front of the amplitier vear the top; one In the
npper e corner of each end ; and one (o each Jower corner of the
vedr panel of the amplifier. “This will enable the main amplifier
panel, the cover nnd the rear panel to be withdroawn from the chse
A% a unlt,

Before removing the tubes it i necessary to loosen the locking
clomps around the tube baszes. Defective tubes and vibrators
should e reploesd with new ones.  Only tubes of the type fur-
nlshed with the mnplifier should be nsed. The tubes nre not in-
terchangeable and replacement tubes shonld be installed In the
sockels marked for the partienlnr type of tube used. The ampli-
fler will not operate satisfactorlly if other types of tubes are
sl or the tabes interchanged.

If the foregoing cheek does not discloge the cause of failure,
the trouble may be due to an open or short clrenit in the ampli-
fler connections.  The eirenit may be checked by reference to the
respective wirlng dingrnms and 1ist of parts ax shown in chapter
IV, plate 71, The wirlng may be exposed by removing the hard-
rubber key handles and one serew In exch corner of the subpanel,
thns permitting removal of the front panel.

The internnl purts of the amplitiers should be kept dry at all
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tlmes. 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 vperating satisfactorily, it should pot
be disassembled. After diving, If an amplifier, helmet, transmil-
ter-recelver, or tender’s iransmitter-receiver has become Inopern-
tive and the fault eannot be discovered and corrected by the pro-
cedure outlined in the foregoing, the defective element should be
replaced and Information as to the desired disposition of the de-
fective parts obtalned from the Bureau of Ships. Complete In-
structions for the care of the gulded radlo mplifier 18 contnlned
In the instruection book pecompanying ench outfit,

Care should be exercised lu nnreeling the combination telephone
aud life-line eable when recelved on board. The coll of cable, as
recelved, should be placed on a revolving platform or reel aud un-
coiled as the platform or reel revolves.  The cable should not be
pulled from the eoll In the manver commonly used with rope, as
this will twist the cable and cause kinks. Kinks especially should
be avolded ns they may damage the rubber cover or displace the
conductor wires, thus causing early fallure of the cable,

It Is unnecessary to test the combination telephone and life-line
cable fur strength as the central core, which Is the strength mem-
ber, is of enrroslon-reslsting steel, hus ample factor of safety, and
is not susceptible to deterforation. Unfortunately, bowever, this
{4 not the case as regards the conductor wires, which, belng of
copper, may In time stretch or break, thus lmpalring or destroying
the elrcult, When the breakage oceurs, It 18 usunlly at the polnts
of grenter flexing of the cable. The polntd of greatest flexing
are nsually o few loches from elther end of the cable due to the
resnltant bend In the cable at these points when the eable Is under
tenslon. Care should be taken to prevent the cuble from getting
a sharp nlp uor permanent bend at these points. Experience will
facilitate the locating of such breaks and » stody of the drawings
showing the construction of the jack plugs will enable the jack
plug to be nssembled and reassembled when removing defective
sections of the cable.

Continulty of clrenit or grounds may be determined by test witn
a megger, a lest lamp, or a magneto, following the snume procedure
a8 for determining an open or ground in any other clrenit. Iu
testing the cables remember that there Is n complete electries]
cireuit from the metal sleeve of one telephone plug to the other
plug. If through any enuse an open or short develops in the cable,
cansiog fallure of the communlention eirenits, the Jack plug at the
damaged end of the enble should be removed, the fanlty section
of the cable cut off, and the jack plug replaced. IHemoval of the
jack plug Involves the following operations, the parts referred (o
belng shown on plates 71-D and 71-C.

{a} Unscrew the packing nmt (pt. 14) ot rear of plog hous-
ing (pt. 12).

(b) Remove packing (pt. 13).

(¢) Remove lock nut (pr. 105 ar front of plog honsing wirh
spanner wrench supplied.

(d) Heat plng housing to soften the senling compound,

{e) SHlide plug housing back on cable awny from plug (1. 4).
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(f) Loosen connections to plug terminals and remove plag
(pt. 4).

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

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

To reassemble the jack plug the procedure I8 a8 follows:

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

(b} Remove the two outer rubber coverings for o distance ou
about 4 inches; untwist four telephone conductors and remove
the rubber covering of the stalnless-steel core also for about 4
Inches,

{0) Beparate the exposed strande of steel core snd tin thor-
oughly. _

(d) Bllp anchor plug over the tinned sirands and bring up as
close am possible to rubber covering.

{e) Digtrlbute strunds around circumference of hole In plug
and drive In wood screw wedge. |

(f) Bolder the steel core and wedge securely Into anchor plug.

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

(k) Bare the ends of the telephone conductors and twilst to-
gether Into two palrs; red with green, and black with white. 1t
g very important that this color coding be observed.

{4) Form an eye in the end of each pair and solder.

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

{k) Beveral turns of suitable packing materinl should be in-
serted In the gland and the gland nut screwed in and pulled up
tight.

{7) Place the thin leather washer over conductorg and attach
conductors to plug terminals making sure that red and green pair
are connected to slde terminal and black and white palr to center
terminal. _

{m) Pour melted sealing compound or beeswax Into open end
of housing to withln 1§ inch of plug seat.

{n) While the sealing compound ls still soft, seat the Jack
plug In plug hoosing making certain that thin leather washer Is
properly situated on seat. Care must be taken to see that all
apnce In the plug housing is flled with the senllng compound.

{o) Screw In locking nut and pull up tight to complete tlw-
assembly.

In case a bubble forms In the outer rubber covering of the
cable due to leakage of compressed nir from the diver's helmet, it
Is not necessary to cut off the injured section of ecable unless the
communication eclrcult is opened. The correct procedure is to
puncture the bubble and wrap the puncture with several layere of
rubber tape using plenty of rubber cement between layers. The
ribber tape should be covered with one layer of friction tape and
the whole patch then theroughly shellacked, Before returning
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the cable to service after a repair, it Is essential that the cable
Jack plog be opened and Inspected for leaks in the sealing com-
pound. If any are found, the plug should be resealed. A simllar
inEpection should be made of the telephone gooseneck fitting on the
helmet, and the necessary repalrs made,

The recelver, transmitter, or loud speaker units of the standard
diving telephones are exceptionally rugged and unsusceptible to
tronble usually experienced with ordinary telephones from the
effect of molsture. Ordinarlly, no serfous damage I8 caused by
ghort submersidns but continued submersion or continuous ex
posure to molsture will result In corrosion of the metal parts aud
the grounding or ghort clrculting of the colls. If any of the unlis
should be accidentally submerged in salt water, they should be
washed out with fresh water and dried out by exposure to hent.
Care should be taken, however, that the applied heat I8 not suf-
ficlent to burn the insulation of the wire. If any of the uniis be-
come inoperative due to collection of dirt, they should be care-
fully dismantled and cleaned. The diaphragms and pole pleces
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 carefully
adjusted so that the valve works stifly enough to prevent lts helng
closed or opened accidentally but sufficlently free to be readlly
manipulated by the diver even though wearing the two-finger rub-
ber diving glove.

The foregolng Inatructlons for the care of No. 1 diving ontfite
are also applicable to the helmets, lead welghts, diving air hose,
And hand-operated alr pump comprizing shallow-water diving out-
fits. Helmets should be frequently examined to Insure that the
windows are intact and that the sealing strip and packing arouwd
their edges are In place, in good conditlon, and watertight. 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 aii
inlet connection. Leakage of alr above the alr-inlet connection
will require an alr supply of greater pressure than is ordinarily
necessary to keep down the water level in the helmet. If the rate
of leakage above the witer inlet ls 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 ontfit contalns two
single-acting eylinders 3%:-Inch bore by 4-lnch stroke with n total
capacity of about T2 cobic fnches. The use of shallow-water
diving outfits Is permltted down to depths of 38 feet. The effi-
clency of the pumpa for delivering alr at the pressure egulvalent
to this depth with a reasonable factor of safety should be
frequently checked. .

DHving 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 consldered no longer rellable or serviceable
shall be gurveyed and turned In by ships to the nearest navy yard
for shipment to elther the Mare Island Nevy Yard or the Navy
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Yard, Brooklyn, N. Y., for survey and final dispositlon. When
recelved by these yards, such gear as can be economically repalred
shall be put In suitable condition for relssue 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 ns helmetis, diving pumps, test tanks, ete., cannut be
put in serviceable condition at a reasonable cost. For instance,
helmets may contaln minor defects such as dents, o missing face-
ate, or a damuged gooseneck, ete., which, In the aggregate, wonld
appear sulficlently detrimental to further use as to warrant sur-
vy, However, dents in the helmet (unless the metal is eracked )
do not Jeopardize the diver and they cun rendily be pressed ont
to make a more presentable helmet. Faceplates nre easily re
newed nnd other Individosl #ttings can be relnstalled ut small
cost, A diving pump in [ts entirety s costly. Its fixed and mov-
Togg metun] puerts are standard.  IF not avallable in store, they ame
reudlly obtninable from the manufacturer of the pump,

The parts comprising diving outfits are title B materlal, The
allownnee list of vessels list the pomber of complete outfts the
respectlve vessels are entitled to. Owing to the lnrge number of
purts which comprizse a standard diving outflt, the individual parts
nre not Hated I the allowsnee list. However, vessels are en-
titled to obtain such replucement parts for these ontfits asg mway
v necessary to maointain the ontfits in sultable condition nt all
times, on “not in excess” requisitions submitted to the nearest
yard or station. If the yard or station to which such reguisitions
nre submitted bas not the requested equipment available, it shall
be obtalned from the Mare [sland or New York Yared. Cost of
diving vutfits wnd replicement parts, when obtalned by ships
in comndsston, will ordingrily b charged to ship's regalar con-
gtruction and repair allotments,

In requisitioning diving gear, requisitions should contaln nota-
tions a4 to the nome-plate data, pices numbers or standard stock
numbers (If the partienlar part requested Is lsted In the Standard
Atock Cutalog) to enable supply officers to identify the requested
equipment properly.,

For the cire, survey, and reguigitioning of special diving eguip-
ment nol formibng w part of standard diving outfAts but which Is
furnished vessels of certnin eategorles, attention s invited to
chapter XIX,
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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 conslder some of the physicel properties and
lawa governing the behavior of gases and water.

Boyle's law states that at a constant temperature the velome
of a gaa varies Inversely a8 the pressure (mbsolute), while the
density varies directly as the pressure. That s, an Increase of
pressure on a gas decreases {ts volume and Increases ita density
directly proportional to the pressure applied, end vice versa. If
the pressure s doubled, the volume will be decreased one-half ; If
tripled the volume will be decreased to one-third, ete.

Charles’ law states that at a constant pressure, the volome of
a gas varies directly as the absolute temperature. That ls, as the
temperature Increases, the volume Increases and vice versa,
When consldering the centigrade scnle, the volume of a gas varles
173 of ita volume at 0° C. for every varlation of 1° C. When
vonaidering the Fahrenhelt scale the volume of a gus varles ¥p
of Ite volume at 0* F. for every varlation of 1° F.

Oxygen |s a colorless, tasteless, odorless gas occurring in the
free state in the atmoaphere, of which It forms about 21 percent
by volume. It |s essentinl in malntenance of life. At atmospherie
pressure, approximately one-fifth of the oxygen In each breath IF
absorbed by the body. More oxygen is necessary when & persen
& active than when at rest. A person exercleing violently may
require as high as 10 times as much oxygen a8 when completely
nt rest. The Increased quantity Is provided by deeper and faster
hreathing. The tissues of the body abserb a higher percentage
of oxygen which Is clreulating In the blood when a person is ex-
vrelsing. More oxygen Is required when the large muscles of the
body, those of the legs for example, are dolng work, than required
when smaller muscles only are in active nse, A person at rest 8t
ntmospherie pressure (sea level) 18 unable to absorb a sufficient
amount of oxygen when the percentage falls below 18 percent, and
nnconsciousness usually occurs at § or 10 percent or at higher per-
ventages—depending on the activity of the person. Oxygen de
ficlency usually I8 unaccompanlied by warning symptoms. Its lack
deadens the faculties, and a person not infreguently becomes un-
consclous without reallzing anything !s wrong. It must be re
membered that it 1s the partial pressure of oxygen in the at-
mosphere that sustains life—that I8, air, belng composed of about
21 percent oxygen, exerts one-fifth of an atmosphere oxXygen pres-
sure at sea level. At 10 atmospheres pressure, equivalent to o
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 alr is reduced, the redoction belng in ratlo with
the mititude. In other words, under excess pressures there ls
actually more oxygen in every cubic foot of alr than there I8 in
the air at sea level. Conversely, there ls less oxygen In every
cuble foot of air in the atmosphere above sea level. Obvlously,
therefore, a human belng could not survive at high altdtudes 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 nonlnflammable, colorleas, gaseous, nonmetallle
element, tasteless and odorless. While it forms about B0 percent
of the atmospbere, In its free state, it will not support life. Hy-
drogen In {ts pure state, 18 a colorless, tasteless, odorless gas. It
is the lightest known substance, being 349 the welght of air and
sbout Y00 the welght of water. It Is inflammable and exploalve.
These two gases as occurring In the atmosphere have no effect on
the human body other than to dilute the oxygen as well as carbun
dioxide and any other gases that may be present.

Carbon dioxide, sometimes called “carbonic-acld gns" conslats
of one part of carbon chemically combined with two parts of
oxygen to form an odorless, colorless, transparent gas with o
slightly acld taste. It can be reduced to solld state by Intense
cold and to ligquld by pressure. Belng much heavier than alr, in-
ert and dielectrie, It 1s an efficlent extingulsher of oll and gasoline
tires, the gas blanketing the flame and cutting off contact with alr,
hence excluding the oxygen essential to combustion. It 1s usually
liberated In nature by combustion (including slow decomposi-
tion of vegetable and anlmal matter) and by the breathing of sul-
mals. Oxygen taken Into the lungs combines in the body with
carbon, which is derlved from food, and this chemleal comblina-
tion generates the heat which malotains body temperature. The
resultant carbon dloxide Is given off through the lungs and passes
out with the breath,

Carbon dioxide, when breathed In high concentrations, s as-
phyxiating. When alr Is breathed, as, for example, In & confined
space which ls being inadequately ventilated, the carbon dioxide
exhaled by the diver gradually boilds up In the space, causing
headache and other symptoms. When the proportlon of earbon
dioxide rises to approximately 5 percent and the air In such space
is at atmospheric pressure, a person experiences distinet punting.
With 8 percent the difficulty in breathing becomes distresalng.
Unconsclonsness usually occurs when the percentages reach 10
percent. The Increase In the depth and rapldity of breathing Is
causel by the Increased amount of carbon dioxide accumulating
in the blood and acting vpon the resplratory center In the brain.
it Is by this means that the body secures the Increased amount of
oxygen needed and ellminates the excesa of carbon dioxide. The
need for oxygen does not directly affect the breathing. It I8 the
presence of too much carbon dioxide In the blood that causes the
deeper breathlng and finally panting as the percentage of carbon
dioxide Increases. A person thus has some warning wheun the
proportion of carbon dloxide is gradually increasing, although de-
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pendence for safety should not be placed upon this but proper
measures taken to Insure that detrimental concentrations do net
bulld up In the spaces which are belng breathed in or from.

The foregoing pertains to the effects of earbon dioxide om the
regplratory system under atmospheric pressure. Its effects un-
der excess pressure are discuesed In chapter IX (Diver's air sup
ply).

Water (pure) consists of two parts hydrogen and one part of
oxygen. It is & colorless, tasteless, transparent liguld and is 3l
most incompresalble. At its maximum density (30° F.) it iz a
standard for measuring specific gravities of all lignids and solids,
1 cuble centlmeter of pure distilled water at thls temperature
welghing 1 gram. Pure water freezes at 32° F. (0° O.) aml
bolls at 212° F, {100® Q.). Besldes having other values, it ls &n
important Ingredient in the tissues of animals and plants, the
human body containing about two-thirds lts weight of water.

Normal air (the atmosphere we breathe) Is & slmple mixture
{not a chemical comblnation) of the gases described above with
tracea of hydrogen and certain other rare gases. It 18 compres
sible. The proportions of the main constituents are approx!
mately as follows:

Perceal by
colime
Nitrogen (approximetely)_ _..___________ ____ .79
Oxygen (approximately) . . ____ 20. 96
Carbon dioxide (approximately) o eooeeee o .04

Explred air varies in composition with the depth of the explm-
tion and with the composition of the air inspired. Under normal
conditions expired air contalns in volume percent:

Porcent
Nitrogen (approximately). . ___..T9
Oxygen (approximately)._._. " 18.02

That 18, expired alr loses about 494 volume percent of oxygen and
galns 434 percent carbon dioxide. The difference in the oxyges
absorbed and the carbon dioxide (CO.) excreted is explained by
the fact that In the physiclogical process of the body some of the
oxygen ls absorbed by the body, not only to oxidize carbon but also
to comblne with some of the hydrogen of the food and is com-
sequently secreted as water.

Atmospheriec pressure ls the pressure exerted by the welght of
the ntmosphere and s equal, at sea level, to 14.7 pounds per square
inch. A eolumn of mercury 30 Inches high, a column of sea water
33 feet high, or a eolumn of fresh water 34 feet high, each, also
exert a pressure of 14.7 pounds per square inch, or 1 atmosphere,
pressure st the bottom of their respective columns.

The term “atmospleres” s used hereln means atmospheres of
pressure and is the number of times 14.7 pounds per square inch I8
contalned in the total pounds pressure per square inch involved
Thus 294 pounds pressure per square Inch will equal (20.4+147)
2 ptmospheres pressure ; 44.1 pounds pressure per square inch will
equal 3 atmospheres, ete. To convert atmospheres pressure Into
pounds pressure per square inch, multiply the number of atmos
pheres pressure by the constant 14.7,
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Absolute pressure s the pressure above a perfect vacuum. It Abselute

iz the gage pressure plus aimospheric pressure and ls equal to
147 pounds plus excess pressure. Thus a diver worklog at a
depth of 33 feet under water, the equivalent pressure of one at-
mosphere, would be exposed to an absolute pressure of 20.4
pounds per square inch.
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The guges used In diving do not record atmospheric pressure, Sase presswre.

but do record the pressure above atmospheric pressure. They
also Indlente the corresponding depth of water In feet. If a length
of air hose be attached to & diving pump, the free end of the
hose lowered under water and the pump operated, the gage on
the pump will Indlcate 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 ls known, a con-
venient method for checking the mccuracy of the gage.

It ls obvious that If a tank be filled with water, the bottom of Weter pressare.

the tank has to support the whole welght of water, but the top
hes no welght of water to support. The pressure, therefore, on
the bottom will be greater than the pressure om the top by anm
amount equal to the welght of the water In the tank. It is also
obvicus that the higher the sides of the tank are ralsed, still keep-
Ing 1t flled, the greater the welght or presanre becomes on the
bottom. If the sldes of the tank are extended to 85 feet and the
tank filled with sea water, the pressure on the bottom due to the
welght of water would be equal to that of the atmosphere, or
147 pounds per square loch ; however, a8 the atmosphere I8 also
pressing down on top of the colmon of water, the absolute pres-
gure on the bottom will be 14.7 pounds doe to welght of water,
plos 14.7 pounds due to the atmosphere, or a total of 20.4 pounds
per agquare Inch absolute pressure. Every foot In helght of sea
water produces an excess pressure of 0.445 (or Yy X 14.7) pounds
or a lttle ander one-half pound per square inch. The same holds
troe 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 s transmitted to It In the form of a squeese. 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 8 feet tall, there will
be about 8 pounds per square loch 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
foree equal to the welght of liquid that the body displaces, The
volame of the liguld displaced equals the volume of the body, and
the upward pressure equals 625 pounds In fresh water, or 84
pounds in sea water, for each cuble foot of the volume of the
sobmerged body, With the diving sult distended by air, the
welght of the water displaced Is greater than the combined welght
of the sult, helmet, and diver. As a rewult, the dress, helmet, and
diver are of positive buoyancy and the diver is unable to descend.
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To overcome his positive buoyancy, welghts are attached to the
diver's dress In the form of A welghted belt and welghted shoes,
giving the diver negative buoyancy. Ordinarily, only sufficlent
welght is added to overcome the posltive buoyance with the div-
ing dress moderately distended by air. Therefore, If the dress
Is overinflated when the diver |s submerged, he acquires posltive
buoyancy. If this buoyancy is not reduced to the negative xide,
the diver ia 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 elastle dress, and his speed
of ascent will be accelerated. Belng carrled to the surface iu this
manner is known as “blowing up.”

If, through carelessness or culpable neglect, a diver should be
permitted to £all an appreciable distance under water, there would
be p sndden Incrense of water pressure, and, If there should fall
to be a sudden Increase of alr pressure, the helmet escape valve
would be seated, the alr within the dress would be compressed and
forced from It Inte the noncompresgible helmet, the volume di-
minishing with the increased pressure (Boyle's law). If thl= vol
ume of alr does not All the helmet and equal the pressure of water
nt 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 !8 most apt to be a serlous injury or Ilm-
mediate death for the diver. Falls from shallow to deeper depths
are the most serlous, as the relative difference in pressures is
greater., This may be explalned 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 mn additlonal pressure of 14.7 pounds,
or 26.4 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 2000 square inches, the total force
exerted on the diver's body and tending to drive him into the
rigid helmet would be several toms. If, under the same condt-
tions, the diver should have fallen from the surface to a depth
of 80 feet under water. the Inerease In absolute pressure would
have been trebled Instead of merely doubled, so from the fore-
golng It Is clear that a long fall from a shallow depth would re-
sult In a fatal equeeze for the diver. Falls from moderate depths
to deeper depths nunder water are not apt to be as serions as falls
from shallow depths. In a fall from the surface to 33 feet the
relative difference In pressure Is as 1 s 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-alxth,
The effect of a fall under water Is known as a “squeeze.”

As alr Is compressed ity temperature Increases rapldly, but thia
can be disregnrded, for rodlntion through alr reservoirs, conduits,
and the rapid coollpg Induced by It transit through the diving
hose to the diver reduces the temperalure to or below the tem-
perature of the surrounding sea water. This fact sometimes
neressltates special measures In oold weather diving, to prevent
the clogging of the nir line «due to freezing of molsture In the
diver's alr hose. This Is further discossed under chapter IX,
“Piver's alr supply.”



CHAPTER VIII
DIVING PLANNING AND ARRANGING

When diving ls to be undertaken, the commanding officer of the Planning.
veasel sball be Informed. A genersl plan of procedure shall be
decided upon and the necessary officers, incloding a medicnl offi-
cer, and sufflclent men to handle any emergency shall be detalled
and an effort made to conduct the operations with dlspatch and
efficlency. An officer qualified in deep-sea diving should be placed
In charge of the diving operations and the divers. If such an
officer or warrant officer s not avallable, an officer familiar with
the principles of diving should be placed in charge. If the diviog
is to be done from a diving launch, a dinghy or other small boat,
properly manned and equipped, should be assigned as tender to
the diving lannch, If In the opinlon of the officer in charge it Is
required.

Divers' work Is no exception to the general rule that a task I»
more efficlently performed when the work Involved has been prop
erly studled and planned and preliminary work done In advance,
In diving operations the procedure which proves most effective Is
the one which provides for the maximum amount of work thut
can beé done on the surface to be performed by the surface vrew,
with a commensurate minimum amount to be performed by the
diver on the bottom. Accordingly, in planning the work the pro-
cedure declded upon should be that which not only reduces the
diver's work to a minimum, bat which limits his operatlons to
tasks Which can be performed within a reasonable perlod under
the copditions Involved.

The success of past Navy salvage operatlons was contributed
to conslderably by the manner In which operations were pre
liminarily plaoned and the varlous phases of the anticipated work
lald out and deflnlte tasks assigned to each diver or group of
divers. This not only systematized the work but the benefits de-
rived from the competitive spirit ereated by the procedure were
reflected In the mental attitude of the divers upon completion of
the task, even though the required dive was of leas than standard
duration for the depth.

With the foregolng ns essentlal requisites, the ‘satlsfactory
prosecution of underwater work may be contributed to by appllca-
tion of the followlng rules:

(8) Work night and day, while weather permits, provided suffi-
clent divers are avallable.

(¥) Use good judgment, bused upon considerntion of the advice
and commands of the diving supervisors, checked constantly with
the work belng performed, In determining the amount and kind
of work for each task, 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
tesk and as a result he may offer suggestions or ask guestions
which may lead to & better accomplishment of the task.

{d) A dlver may often, unintentionally, overestimate his abllity
to accomplish underwater work. His suggestions should be given
thorough conslderation, but tempered by the judgment of thoas
in charge,

{e) Each diver of a group, in addition to his own speclfic in-
structions, 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 perion only if confusion and delay are to be
avoided.

(g) If, as frequently occurs, the diver forgets part of his In-
structiong, he must immediately ask advice from the diving super-
visor ; hence the diving supervisor must, during diving operations
be immediately avallable.

{h) 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 ls better to instruct and send down @
new diver to replace him.

{4) Care should be exerclsed in evaluating the information ob-
talned during an observation dive because the opportunity for ob-
serving conditions below the surface is llmited. Therefore, it 18
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 &
slate and whenever possible, actual measurements should be made.

(i) Several lines of procedure should be planned so that if one
method fails in practiee, alternative methods will be avallable.

Rescue and ship salvage operations can be performed only with
proper type vessels properly equipped with necessary gear and a
crew of efficient, qualified divers. The Navy vessels which are
ased for this purpose are converted mine sweepers, which, in ad-
ditlon to standard diviog outflits, are provided with speclal 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 gafe diving operations
depend upon the security of the moorings, The gear furnished is
adequate for mooring these vessels under the normal conditions of
weather and depth that permit diving. The mooring gear should
be given a minute inspection before mooring and when divers are
down a continuons watch ghould be placed to {nsure sgalnst any
shifting of the moorings or veerlng of the vessel that would en-
danger the diver. Diving lines should have sufficient slack to
guard agalnst this contingency. In sudden squalls, heavy seas,
tide, or any other conditlon which, In the opinion of the command-
ing officer, jeopardizes the security of the moorings, the divers
should be brought up and diving discont!nued until more favorable
conditions obtaln,

Experience has indicated that with the present limitations In
the art of diving, the number of divers that can be submergod
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almultaneously and perform effective salvage or rescoe work on
submerged wrecka is limited. In past submearine salvage opera-
tions, it has been the practice to work the divers in relays of two
or three, and where conditions permit, It is deslrable to adhere to
this practice In any future salvage or rescne operations. How-
ever, It must be remembered that the greater the number of divers
submerged, the greater the poesibllity 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 slmultaneously will depend upon deplh
of water and pature of the bottom, the ship's facilities for han-
dllng the divers over each side, and the practicability of this pro-
cedure under attendant conditions, the freedom of the wreck from
debris, and the condltions of the weather and sea. Based on n
consideration of these factors, the number of divers that may be
submerged simultaneously shall be governed by the discretlon of
the officer in charge of the operations.

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

Usually there ls much less tide on the bottom than at the sor-
face. Consequently, although the surface tide may seem strong,
it may be sdvantageous to attempt diving, provided the surface
tide Is not soch as to endanger the moorings. If the velocity of
the current 18 over 114 knots, the diver should wear additional
welghts. A descending line must always be used for descents and
ascents.

While all diving Involved In submarine salvage work 8 now
conducted from ships especlally equipped with compressed-air sys-
tems, rontine diving operations such as ealvage of lost ground
tackle, examination of ships' bottoms, lost torpedoes, alrplane
salvage, etc., engaged In by other cilnsses of ships Io general are
performed with air derived from manually-operated alr pumps.

In rigging a diving alr 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 I8 working properly.
Before starting to use the pump, see that each and every bearing
Is properly olled, Water must be occasionally supplled to the
clatern 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 oll separator.

When alr ls 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 ls to be supplied with air In deep water,
the lever should be placed on the rlght-hand slde marked “Two
cylinders.” It ls advisable to have two pumps rigged and ready
for use, if they are available.

The following accidents have happened while pumping sir to
divers:

() Pump cepsized during a sudden squall; not secured prop-
erly.
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{(B) Pump handle securing nut worked loose and fell off.

{c) Pump wheel securing nut worked off.

{d) Plston backed off end of rod far enoungh to stop pump.

{e} Pump cover slammed shut, cauging oll can 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 alr to become hot and the diver forced to ascend;
diver much distressed.

{p) Tranafer valve assembled wrong thereby causing distress
to diver.

(k) Valve broken in pump thereby causing Increased loss of
efficlency.

(i) Wrong kind of oll used in pump's cylinders, thereby cans
Ing the diver to become nauvseated.

() Excessive plston leakage ; divers brought to the surface oo
congcions,

(k) Alr reservoir cover gaskets defective, thereby caunslng loss
of alr and distresa to the diver.

Whenever practlcable, diving from manually-operated alr pumpes
should be carried out from a motor launch. All motor lannches
In service are Atted with pad eyea (see pl. 82) for hooking in
the hook ends of the turnbuckles for securing the diving air pump
in operating posltion. If there are any cases In which such pad
eyes are not fitted, they should be installed by the ship's force
The pad eyer must be placed forward in the boat so that the
diving alr pump may be secured so as to leave room for the
pumplng 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 shounld face aft.
The pump must always be rigidly secured In place to prevent it
from capslzing in case of & sudden wash or unexpected change In
weather,

When pslng the new gasoline driven air compressor in motor
lannches, cure should be taken that the compressor I8 well secured
and that it is in good mechanical condition. The instructiong
contalned in each outtit should be closely adhered to at all times
The depths to which diving is limited is given in each Instructon
bock and should not be exceeded. These compressors have been
thoroughly tested and will be found to meet the requirements of
a diver's alr supply if used as Intended, which s as a substlinte
for the hand pump.

The employment of compressed alr for diving has numerous
advantages over the air supplied from manually-operated alr
pumps, as it affords n constant and uniform supply at all depths
The diver's work is made much easler and safer as he has In
stant control of his alr supply. The labor of pumplng I dis-
pensed with and fewer men are required in the diving party, thos
providing more room In the diving lannch, Consequently, when
a motor lnunch iz avallable and can be devoted to diving purposes
without interferlng with lts use as a general working boat, the
necessary fittings, chocks, ete., should be fitted 8o that four tor
pedo air flasks mey be neatly stowed under the thwarts for mwe
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in lleu of the diving pump for supplyiog eir to divers. The ueces-
sary high-pressure copper air tubing, connectlons, ete, must be
fitted for connecting the torpedo air flasks to the testing tank In
sccordance with the arrangement shown on plate 85

When torpedo air flasks are used, the exercise heads, after-
bodies, and dellcate parts of the torpedo mechanlam should be
removed from the flasks; outlete not needed should be bluuked
off, ete.

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

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

The plplog to the testlng tank shall always be so arranged that,
In the case of the fallore of one valve the high-pressure alr may
be controlled by & duplicate valve. In no case shall a reducing
or sutomutic valve of any kind be placed In the alr llne between
the diver and the test tank.

In planning for the use of a diving launch, sufficlent men should
be detalled to manage the launch Independent of the men required
to man the diving pump (If used), or to operate the air system
it from torpedo alr 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 immediute vicinity of the ship:

The required number of torpedo air flasks, fully charged, and
all necessary connectlons aud special tools. If a diving alr pump
I to be used, it must be complete, In working order, and properly
secured.

Complete diving outfits for two divers.

Tool box containing alr hose, wrench and washers, wing nuts,
ete.

Bpare washers for alr hose.

Spare rubber wrist rings.

Descending line and distance 1ine.

A length of rope for sending down to diver.

Diving ladder.

Diving Manual.

Decompression stage.

Decompression tables.

Hlate with pencll attached.

Red diving flag on staff.

Lead line.

Stadimeter or sextant.

Boat's diving anchor gear with extra anchor for bow and stern.

Jackknlves.
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10-foot probe made of 3 -Inch pipe.

Bteel tape measure and G-foot role.

Boat's compass.

Hand flags for signaling.

Boat box.

Boat medieal outfit,

Binoculars,

A watch for timing divera.

Long heaving line.

Several large shackles.

A coll of small stuff (marline) for lashings,

A lnft tackle.

Drinking water.

Other gpecial gear a8 necessary.

Bucket of soapy water if dregs without gloves 1s used,

Blueprint or sketch of job.

In planning for emergency repairs to the hulls of vessels, the
following items sghould be on hand: Veloelty 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, smple
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.
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TURNBUCKLE FOR SECURI iyl PUMP
[N LAUNCH.

WROT IRON (GALV).

Prate 82 —Turnbockle for gecurlng diving pumps In lagnch,
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AaTe 84.—Arrangement of diviog ladder, decompresslon stage, and descending line on
diving launch,



CHAPTER IX
DIVER’S AIR SUPPLY (NORMAL AIR)

The average man at rest breathes about 025 cuble foot of alr Breathing.
per minute. The breathing ls so regulated as to keep the partial’
pressure of alveolar CO, steady at about 6.26 percent of an at
mosphere though the volume percent under conditions of varled
barometric pressure differs widely ; this means that at rest and
at normal aAtmospheric pressure the siveolar COy is malntained
at about 40 mm. mercury, since 40 is 525 percent of 780. If the
alveolar CO, pressure falls, breathing is diminished, and if It
rises, the breathing {s Increased. Moderate work Increases the
COy secreted by the lungs three or four times and hard work six
to eight times the normal resting amount, and therefore the air
breathed ls consequently Incressed. Hence, It |s the partial
pressure of the alveolar C0, that regulatea the breathing.

When the Inspired alr at normal atmospheric pressure con-
talns 8 percent by volume of CO, the breathing begins to be
notieeably Inercased; 6 percent causes distress, and 10 percent
or more unconsclousness. The physiologleal action of gases pres-
ent in the air breathed depends on thelr partial pressure. Hence,
the volume percent of COs In the inspired air that ean be tolerated
is Inversely proportional to the absolute pressure. Thus, at n
depth of 284 feet, or P atmospheres absolute, three-nlnths of 1 per-
cent, or 0.33 percent COs by volume, would have the same plysl
ological effect as 3 percent COs would have at the surface.

The average adult man at rest produces about 0.014 cuble foot Ventilation.
of COy per minute (measured at atmospheric pressure). The '
diver at rest produces about 0.019 cuble foot per minute and when
performing moderately hard work, about 0.045 cuble foot of CO,
per minote (measured at atmospheric pressure)., As the diver
Is constantly exhaling CO; Into the helmet, It Is evident that
unleas the helmet 18 ventllated constantly with fresh alr In suf-
ficlent quantity, he would scon suffer from the effects of ao ac
comulation of CO.

Bince B percent CO, at atmospherle pressure I8 about the max.
Imum that ean be tolerated without distress, It |s essential that
the equivalent of this percentage under the partlal pressures in
the helmet should not be exceeded. To keep the CO, content of
the belmet within thls maximum permissible percentage, a minl-
mum air supply of 1.5 cubic feet per minnte (measured at the
absolute preasure to which the dive Is made) Is necessary. Sinee,
according to Boyle's law, the volume of a gas I8 inversely propor-
tional to the pressure, the alr zupply measured at the surfoce
must be Increased in proportion to the sbsolute pressure. Since
each 83 feet of sen water exercises & pressure of 1 atmosphere,
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the alr supply measured at the surfamce must be increased one
thirty-third for each foot dived. Uslog the reciprocal 0.0808,

-the minimum alr supply for any depth may be calculated: 8=

1.5(1-+¥F(0.0808) ), In which 8 I8 the required air supply in cuble
feet measured at the surface, and P l8 the number of feet the
diver |s below the surface. Better veotilation than this ls Im-
perative, however, and arrangements gshould be made for supply-
Ing three times this quantity of alr per minuote.

Excluslve of self-contalned diving apparatus, there are the fol-
lowing four methods of ventllation of the diver's helmet:

1. Bupplying alr up to 2500 pounds per square Inch from high-
pressure accumulators, i. e, torpedo alr flasks or other accumu-
lators.

2, Supplying air up to 400 pounds per square inch from low-
pressure accumulators charged or charglng them by power-driven
compreagors. Buch low-pressure supply locludes the battery gas-
ejector system or low-pressure recelvers. Sobmuarine rescue ves-
sels are equipped with this type alr system and with a high-
pressure stand-by system such as noted ln subparagraph 1.

2 With alr from hand-operated air pumps.

4. Portable gasoline driven alr compressors,

When diving operations are to be conducted from a vessel
using the vessel itself as a diving platform, the necessary alr
connectlons for the divers may be made directly to elther the
vessel's high- or low-pressure alr installatlon, 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 expanslon tank
{reservolr), and the Inlet connection shall be made of piping.
Only high-pressure plplng shall be used when high-pressure alr
I8 to be utilized and, in every case, a suitable pressure-indicatiug
gage shall be Instolled—temporarily If pecessary—so that the
pressure in the air-supply pipe line will be Indicated to the diver's
attendants. The actual alr pressure in the diver's alr hose, how-
ever, will be Ipdicated 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 18 to be used.
shall be opened and left open during the time the helmet is be-
ing worn by the diver. The diver's anir supply shall be taken
directly from the testing tauk, and the pressure of the air therein
shall be preseribed by the officer In chinrge. This same general
procedure shall be followed when diving is undertaken with com-
pressed alr furnlshed from other alr reservoirs. The plpiog to
the testlng tank shall always be arranged so that in case of
fallure 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, & convenlent air reservoir ean 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 alr to back through the line, Thils arrangement pro-
vides an alr reservolr equal to the capacity of the flagks B0 con-
nected. Then the diving alr line shounld be connected, in the most
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convenlent manner, to the charging line; care belng taken to
duplicate the previously mentioned double-valve controlling fea-
ture, Since these torpedo flasks may also be connected directly
to the compressor, It 1s evident that the alr pressure in the Gasks
may be ralsed and held to capacity by operating the compressor.

When diviog at & depth over 120 feet from a amall boat and
using torpedo alr flasks, a rellef 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 alr is supplied from torpedo alr 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 indlcated
on the high-pressure gage, shall not be permlitted to fall below
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 appeoaches pounds, the divers should be brought up.
After they are clear of the bottom and safely on thelr way toward
the rurface, the reserve flask may be used. An exception to this
rule will be permitted If there iz avallable an additional, Inde-
pendent air supply which can be connected immediately to the
diving alr manifold.

The duration of air supply from an air flask may be calculated
according to the following formula:

%?Eﬁ-ﬂ = Number minutes

O=Capaclty 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 fn to be made
(depth In feet divided by 33).

D=Number of divers,

Io this formula, the “1" In the numerator {s one alr flask at-
mosphere which is allowed for charging the testing tank, air hose,
and helmet. The “15" Is the 15 atmospheres constituting the Z20
pounds per square-inch pressure which has to be preserved In the
flask as o minimom reserve. In the denominator, the 4.5 Is the
cuble feet of alr required by each diver per minute measured nt
absolute pressnre and the “1" is the 1 atmospbere of pressure
which has to be ndded to the pressure at which the dive |s made
to obtaln the absolute pressure.

Erample—One diver |8 to descend to a depth of 166 feet. How
long will the alr last If furnlshed from one 11-cuble-foot alr flask
charged to a pressure of 2,250 pounds per square inch?

C=11 165
E-a—a* or b

Asrrar =N De1
Caleutation: 132U ESED) 55 minutes
Thus when using the maximum alr supply from a small-size fask,
one diver can descend to & depth of 166 feet and remain for 53
minutes, and still have sufficient alr for proper decompression;
hence with two such alr fleasks belng used, one diver may remaln
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at this depth for 108 minutes, or two divers for 63 minutes. If
larger or additional fAasks are ueed, the diving time may be
extended,

By high-pressure accumulators, reference is made to the alr
nccumulators of the torpedo installation aboard vessels equipped
with torpedoes, When connections are made to accumulators, div-
ing operatlons should be conducted directly from or Ino the lm-
mediate viclnity of the vessel earrylng the accumulators, thus ob-
viating the necessity for use of long lengths of alr hose. If the
aecumulators are of sufficlent capacity, diving may be undertaken
from those already fully charged, but 1f they are not of sufficlent
capacity to meet the requirements of depth and duration of the
dive without recharging, then the compressor shall be operated
n8 necessary, and care taken that the water cooling system ls In
order and in operation—to insure cool air supply.

The capacity of the alr compressor and the accumulators must
be known and taken Into conslderation when calculating the air
supply. For example: The capacity of a compressor is 15 cuble
feet at 2,500 pounds pressure per sguare inch per hour or 0.25 of
a cuble foot at 2,500 pounds pressure per square inch per minote.

2500

As 2500 pounds per square ioch would equal 1 or 170 atmos-

pheres, 025 cubic foot at 2,500 pounds pressure would egual
1T 0.25 or 42,5 cuble feet at atmospheric pressure, Therefore,
sinee a diver must have an air supply of 4.5 cuble feet per minute
at u pressure equal to the absohite pressure at which the dive Is
innde, & dive by one diver to, say, 274 feet, or 8.3 atmospheres,
excess pressure (9.3 atmospheres absolute) would require 4.5X9.3
or 41.85 cuble feet of alr 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
nir. Under no clreumstances, however, must divers be permitted
te dive to the limit of their alr supply, whatever the source
ntilized may be.

Also, sufficient alr must be held in reserve to enable the dls-
puteh of a rellef diver. The capacity of the alr accumulators
aboard many be augmented by connectilng them to the torpedo air
flasks that have thelr stop valves open, and taking the air lead
from thls connection. When charging high-pressure sccnmu-
lators, It must be remembered, the alr I8 heated by the com-
pressor’s cylinders: hence castor oll should be used to prevent
finshing In the cylinders and thus preventlng €O and CO; pro-
duction or If not avallable use Navy symbol 21907 or equal. For
this and other reasons, as little oll as practicable should be used
in the eylinders. Likewise, the alr Intakes of any compressors
used for supplying diver's alr must be loented in atmosphere that
is free from obnoxlous or toxic fumes,

The supplying of alr to divers from low-pressure accumulators
Is applicable to vessels equipped with a gas-ejector system, to
submarlne rescue vessels, to navy yards, ete. The arrangewment
is proctically the same as for diving with air from high-pressure
aceumulators. The alr pressure In the accumulators is maln-
tained constant by large capaclty low-pressure, steam or elee-
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trically driven, antomatically controlled alr compressors. The
capacity of these compressora ls such that there ls pever a ques
tion of shortage of air supply. The maximum depth to which s
diver or divers may descend wlll depend upon the pressure of the
air supply and the amount of alr that is required to pass through
the diver's belmet, and since there 18 no accurate method of deter-
mining the latter when uslog this source of supply, the only means
of kmowing whether adeguate ventilation exists is by the diver's
own feellng of well-belng.

When utilizing alr from alr accumulators or alr flasks, the fol- .

lowing conditions are essentinl:

{a) The temperature of alr must be such as not to cause dis-
vomfort to the diver.

{b) The alr In the accumulator must be free from noxious
fumes and as near standard purity as possible, I. e., contain 0.04
percent 00, or less. In utllizing alr from high-pressure accumu-
lators it must be remembered tlut the alr in the cylinders of
the compressora s greatly heated In charging the acenmulators,
and oll with a high flash polot must be used, castor oll If possible,
80 that no flashing In the cylinders will take place, prodocing
CO and CO, As little oll as practicable should be used In the
cylinders of a diving pamp.

{c) Thirty to fifty pounds pressure per square inch in the
testing tank above water pressure (at the depth of dive) must be
malntalned to Insure proper ventllation of the helmet.

{d) The reserve alr supply mnst nlways be maintalned In case
of mccldent to compressors, ete., to Insure a proper stage decom-
pression for the diver.

Io utilizing mapually-operated diving alr pumps to furnish
alr for divers, It {8 evident that the dellvery of the amount of alr
required by a diver at varlous depths of submergence under water
depends upon the capacities of the pumps, the number In usc,
and the rate of pumping.

As the capaclty of the standard diving pump ls small and a=
the rate of pumplng may be varled only within small limits, which
become less and less a8 the pressure Increases, it is apparent that,
with only one diving pump to furnlsh air, the depth to which a
diver may descend and perform useful work is limited to com-
paratively shallow depths. If the pump so used is not efficient,
the depth of dive will be further restricted.

When It I# required to dive to a certaln depth and it Is not
posaible to furnish the requisite volume of air for that depth with
a single diving pump, two or more pumps, If they are available,
may be connected together and operated at the proper rate of
speed.

‘When using manually-operated diving alr pumps to furnish alr
for divers, the following conditions shall be observed :

{g) Arrangements shall be made to furnish at least the mini
mum allowable alr supply (1.5 cuble feet per minute, measured at
the absolute pressure to which the dive ls to be made) to each
diver, and It practicable, a reserve alr supply. Only one pump
is furnished with a diving outfit and if conditions are such as
cannot be met with one pump, an additional pump or pumps as
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required shonld be obtalned from tenders or other accompanying
vessals,

(d) Arrangements shall be made to Insure the dispatch of a
relief diver.

{0} More than one diver shall not be permitted to dive simul-
taneously from the same diving pump or group of pumps except
under the followlng conditions:

(1) Where one diver {8 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 requlre-
ments of two divers at the depth of the dive.

(2) Where the efflclency of the pump or pumps Is sufficiently
high and the water sufficlently shallow and there I8 no danger
of the divers becoming foul of obstructions on the bottom, two
divers may dive simultaneonsly from the same pump or group of
pumps, provided an adequate reserve supply of alr is avallable
for a rellef diver,

(d) The rate of pumping shall be regular,

(e) If the alr being supplied to a diver |s uncomfortably warm,
cold water shall be placed in the clsterns of diving alr pumps, and
kept cold by the addition of ice, If necessary.

(f) The directions for lubricating diving alr pumps shall be
carefully carrled out.

Assuming a diving air pump to be 100 percent efficlent at all
pressures, the number of revolutions per minute the pomp should
be run to furnish the minlmum allowable air supply to one diver
(1.5 cuble feet of air per minute, measured at the absolute pres-
sure to which the dive 18 made) may be determined as follows:
When

D=Depth of sea water, in feet, to which dive is made.
N=Number of culde iuches of air pump will fornish per
revolution measured at atmospheric pressure.
R=Number of revolutions required of pump per minute to
furnish 1.5 cubic feet {2,602 cublc inches) of air per
minute, measured at atmospheric presaure.

X=Number of revolutions required of pump per minute to
furnleh minlmum allowable alr supply. (105 cuble
feet or 2,602 cuble Inches per minute at D.)

2502
R-—Nr-' and
X=R(1+4-D(0.0303)).
or the efficlency of any diving alr pump 18 less than 100 percent

and its actual percent efflclency, at the equivalent absolnte pres-
sare of the dive, D, ls represented by a eymbaol, as H, then

_ 100R (14 D(0. 0303))
E

X

The value of N. for the Navy standard Mark I1I diving pump
when 100 percent efficlent Iz 405 euble Inches. Therefore, R
equals 2.502--405 or 4.4 revolutions per minute,

The “constant" for any pump may be obtained by multiplying
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R by the depth coefficient 0.0303. In the case of the Navy stand-
ard diving pump, 0.4X0.0308=0.104 is he constant. Specifically,
the number of revolutlons required of the standard pump to fur-
nish the minimum allowable alr supply (1.5 cublic feet per minuate)
for one diver at any depth may be determined by the following
formula :

X &E__.__ (DXC)+R in which

X=Number of revolutions required.

E=Actnal percent of efficlency of pump at the equivalent
pressure to which the dive is made as determined by
pumping ioto the testing tank.

D=Depth in feet.

C=Pump's constant (0.194).

R=Number of revolutions required of pump per minute
to furnish 1.5 cubic feet or 2,092 cubic inches of alr
per minute, measured at atmospheric prefsure.

Ezample.—~Diving alr pump, Mark III is B0 percent efficient;
depth of sen water 18 06 feet. At how many revolotions per
minuaée should the pump be run to furnish the minimum allowable
air supply (1.5 cuble feet per minute) to a diver working at that
depth?

Solution ;

x — 100(86<0.194) + 6.4

80
= 24 revolutions per minute

The maximum rate of pumping that it |z possible to mainialn
by a pumping crew over a practical period of time 1s spproxi-
mately 30 revolotions per minute. With the pump 80 perce:dt
efficient, this rate would barely supply the minlmum amount of
glr required st a depth of B0 feet. If the number of revolutions
required are in excess of the number that It s possible to main-
tain, the work ghould be divided beiween two or more pomps.
For example, uslng the above formula to determine the number
of revolutions required to furnish the minlmuom amount of alr
necessary for one diver working at a depth of, say, 168 feet, it
will be found that with & pump 80 percent efficlent, 48.7 revolo-
tions per minute are necessairy—a rate which is beyond the ca-
pacity of & pump crew to maintain. Hence two standard pumps,
with efficiencies of not less than 80 percent each, operated at ap-
proximately 24.5 revolutions per minute each, would be required.

Limiting depths for diving with gasoline driven alr compresgors
cannot be listed here inesmuch a8 various models may have
different characteristics. The type being supplied (1843) which
iz manufactured by the Devilbis Co. (model 502), has the limiting
depths listed In the instruction books. Any other alr compressors
not deslgned as a source of diver's alr should have its capaecity
at various pressures closely checked before using. Any com-
pressor must supply at least 2 cubic feet of compressed air per
minute measured at a pressure equivalent to the diver's depth.
This alr must of course be free from noxiovs gases and odors.
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all:'ﬂrﬁnl.r In the above paragraphs It will be noted that various Instrue-
tions are given as to the minimum amount of alr to be supplied
lo divers, L. e.:

(1} In uslng the hand pump, 1.5 cuble feet per minute ia
given as the minlmom.

{2) In ealculating the time that high pressore accumu-
latora can be used for diving 4.5 cuble feet per minute, s
taken ng the standard.

(3) In the gusoline driven alr compressors 2 cublc feet
Is given a8 & safe minimuom.

It has been found that 1.5 cubie feet of alr per minute entering
the helmet ls the absolute minlmum amount which will keep
the percentage of CO, in the helmet within permissible limlts,
Au the diver works harder his outpmt of CO, increasea, and a
limit of 1.5 cubic feet per minute {8 not sufficlent. Four polnt five
cuble feet per minute has also been found to supply sufficlent
ventilations under all conditions of work. Thus, In the case of
the hand pump, the minimum Is taken since if the ventilation
is pot sufficlent, the number of revolutions per minute can be
increased, or the diver brought up. The gasoline-driven alr
tompressors with 2 coble feet per minute as a minimum provide
more ventllation and will permit more work by the diver before
he wust be gurfaced. In the case of the alr Hasks the maximum
umount plus some wastage must be used ln calculating the tlme
the Husks ean be used slnce If A lesser amount were used, the
alr supply could be exhausted sooner than expected if the condi-
tions of work were more arduous than assumed.

In the past, castor oll was the only oil approved for uose In
compressors supplying alr to divers. Because of the fact that
castor oll hag become a critieal item, tests were conducted at
the Experimental Diving Unit on various olls to determine their
sultabllity. Navy symbol 2190T was found to be satisfactory.
No high-grade lubricating ofl guve of noxlous gases although
wome produced odors unpleasant to the divers
Babmarine The operation of the air system is an Important part of the
diving, rescue, and galvage routine. An officer should be placed
plant. In charge of the plant, and his duties should be Lo start the systemn

and route the air as ordered by the officer in charge of diving
operations, who shall be o graduate of the deep-sea diving rehool.
He should stand a continuous watch, assisted by a chief petiy
officer, and Insure thot the desired temperatures in the diving
alr malns are maintained. He should keep the officer In charge
informed of these temperatures and pressures, and only In am
cmergency make changes except as ordered. When diving, rescue,
or salvage operatlons are in progress, and air is belng used for
both diving nnd 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 alir valve withont the
knowledge of thore supervising the diving. The plant officer
should alwars Inform the chief engineer when the operation of
ndditional compressors I8 needed.

It 18 customary, when diving ls In progreas, to have one or

]
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buth 400-pound compressors running on thelr governors, though
air In sufficient quantity can be sopplied by one. The reason for
iwo compressors ronning 1s that, should one compressor fall, the
other Is avallable immediately to take up the load. The gov-
ernors are set so that the compressor pumpe against a certain
pressure. If one should stop, the other can be speeded up im-
mediately, thereby maintaining the alr in the volume tank at the
desired pressure. Further, with both machines on the air sup
piy line, the load Is divided, and the safety factor of each com-
pressor is increased. The alr ends of the compressor ahould be
cleaned each night after diving has ceased. The valves should be
removed, cleaned with soapy water, and wiped off with a castor
olled rag. The high-pressure aolr banks should be kept chorged
to their maximum capaclty as emergency diving air supply, in
event of faflure of the alr compressors. The banks are connected
to the diver's alr hose through a reducing valve that reduces the
alr to the desired pressure.

The diving air plants Installed on the submurine rescue vessels
beave 400-pound compressors which permit reaching a low dew
polnt and give a greater volume of alr gained through expansion
down to 300, 200, or 100 pounds, as required. This system also
hus two after coolers. This complete cireuit includes the volume
tank, all heaters, and all eoolers,

Since the relative humidity st no time ls sufficiently low to In-
siire the dellvery of alr from the compressors at less than 100 per-
cent humidity, the relatlve humldity of the atmospherie alr 1s not
a determining factor In regulating the dew polnt of the alr sup-
plied to the divers. The relative humidity of the atmospherlc
wir Is, however, a gage of the amount of molsture In the alr which
has to be extracted durlng the reconditioning process, and serves
g A means of regulating the Interval of blowing down the coolers.
When the relative humidity is from 50 to T0 percent, the coolers
#hould be blown every 15 to 20 mioutes: If from 70 to 80 per-
cent, they should be blown every 15 minutes: and if it is B0 to
100 percent they should be blown every 10 minutes.

To use this system Intelligently, we must know how to use &
table called “Dew point temperature curve” (pl. 88), and have
o kmowledge of the following definitions :

Dew point 1a that temperature at which alr In saturated and
below which precipitation of molsture ocvurs. It varles with the
bumidity of the atmosphere,

Absolute humidity Is the mass of water vapor present in the
atmosphere, usually grains per cuble foot measured as per pound
of alr.

Relative Aumidity 18 the ratlo between the amount of water
vapor &s determined by the existing dew point, and the amount

that wounld be present If the dew point corresponded to the wet

ind dry bulb readings. When air s saturated, the dew polnt,
wet bulb and dry bulb readings are all the same.

An Inspection of the dew polnt temperature surves will show,
by comparison of the column marked “Temp” with the figures set
opposite the varfous temperatures, that a change in temperature
tanses a change In humidity; e. g, saturated uir at 40° F. con-
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talns 2840 grains of water vapor per cubie foot, whereas at 30° .
It contains 1035 grains; therefore, coollng will cause precipita-
tion.

The amount or percentage of dehydration that it is possible
to protduce by A reduction of dew polnt 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°, 1. e,
40° F. with 2,840 grains of water vapor to 30° F. with 1.835
grains water vapor, the difference of 0.814 grains per cubic foot of
alr would be preclpitated 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 alr will now be
100 percent saturated for the new temperature, i, e, 30° F., and
A further drop in temperature will cause further precipitution.
As the cooling agent consists of the circulation of sea water
through the cooler, it is obvlous that the degree of dehydration
possible by coollng depends entirely on the temperature of the
sea water. In this case 30° F. would be called the dew point
temperature gince the alr is saturated. However, a further re-
duction of the dew polnt may be brought about by expansion as
follows: 34° F. (table 138) contains 2279 gralps of water vapor
per cuble foot. Initinl pressure of alr from the compressors st
150 pounds (gage) or 1684.7 pounds (absolute) and the reduclng
valve to be set at 100 pounds (gage) or 114.7 pounds (absolute),
the alr passea through the cooler. The reduction in pressure
from 150 pounds to 100 pounda has, in accordance to Boyle's law,
reduced the denslty of the air to approximately 70 percent.
Therefore, the alr Instead of having 2.270 grains of water vapor,
now contains only 70 percent of 2.270 graing or 1.505 gralng of
water vapor. Thus, we have reduced the dew point to 25.5° F.
by & reduction In pressure. Hence, diver's air at temperatares
above 25.5° F. would not precipitate moisture and no freezing
could occur.

To use the curves, run a line from the dew polnt temperaturc
scale to the percent pressure scale. From this Intersection drop
a perpendicular line to the initlal pressure curve, and from this
polot run a line to the dew polot scale. Using the dew polnt
ns Indicated on this scale, the gralns of water vapor will be found
by reference to the inserted table Otherwlse the perpendicular
line between the percent pressure and initial pressure curves can
be extended to the base and the figure for aqueons vapor deter-
mined by Interpolation.

From service tests of the air conditioning plants on Submarine
Rescue Vessels, It never has been found necessary to redoce the
aqueons vapor below 1.355 grains. Since air that is dehydrated
completely would probably be injurlous to the diver, the dew
point should not be lowered beyond that necessary to prevent
freezing of the diver's alr line,

In addition to the expansion caused by the main reduclng valve,
there §s a further expunsion at the diver's alr-control walve.
Henee, without the reducing valve, the alr 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
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in the diver's alr line) to approximately 456 pounds per square inch
‘gage). With the reducing valve In operatlon and set for 85
«wunds, the expanelon may be from 85 pounds per square Inch to

7 pounds per square inch, thus the original factor of 3 to 1 s

wered to a new ratio of 2 to 1.

With the alr-conditioning plant in operation, it has been found
poezible to maintain desired air temperatures by the use of bleed-
era. These are short lengths of hose, one to three In number,
connected to outlets on the diving maing on the opposite side from
which diving is belng conducted and are welghted a few feet
below the surface of the water to eliminate nolse. To ralse the
temperature In the diving alr malins, It |8 necessary only to in-
crease the flow of alr by opening bleeders as much as necessary ;
to decrease the temperature In the diving alr 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 alr during the use of the alr-conditioning plant :

Alr temperatures

Water at surface.

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

Alr to cooler.

Alr from cooler.

Water to cooler,

Water from cooler.

Alr lines—Port.

Alr lines—S8tarboard.
Diver's air hose from starboard side.
Bleeders from port side.
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CHAPTER X
DRESSING THE DIVER

The officer or diver In charge shali gee that the diver is properly
dressed, the nir hose and all alr connectibns properly made, oll
cocks on pump cylinders (if pump is used) closed, and all gear
properly arranged on deck or In the diving launch before the diver
begine his descent.

The diver puts on the woolen shirt, drawers, and socka which
gre supplied. In cold weather, he should put on additional wool-
ens. Then, he gets into the dress with the help of the attendants.
and puts his arms into the sleeves, If the dress ls glovelees, an
assigtant spreads simultaneously each cuff by lnserting his Arsi

and second fingers of each hand, while the diver, taking care

to keep his fAngers stralght, forces his hand through the cuff.
foapends rubbed on the Ingide of the coffs or dipplog the cuffs and
diver's hande In fresh soapy water facilliates this operation. If
rubber wrist bands or “snappers," plate 18, figure 2, are required,
they ure put on over the edges of the cuff. However, the effect
of cold water together with the restriction of the clrculation of
the blood caused by the rubber wrlet bands ofien results in a loss
of the sensation of feellng in the hands so that there is danger
of damage or Injury to the hands when using tools. Accordingly,
for work In cold water, a diver should be dressed In a suit fitted
with gloves. Next, the canvas overalls, If used, are put on. Then,
the diver sits on the dressing stool, plate 68, and the assistants
place the welghted diving shoes on and secure them, by halyard
lacings and buckled straps, to the diver's feet. Lanyards should
be well secured around the ankles and the straps pulled tight and
buckled. Buckles should bte ontward.

The helmet cushion is put on, followed by the breastplate. Carn
thonld be exercised to prevent the rubber collar from being torn
when it is pulled up and placed over the projecting studs. The
bib is drawn well up, and the ruobber collar is placed over the
front and rear studs, working It over the remaining studs in suc-
cesgion toward the shoulder studs, alternately pulling up on the
bib. The diver may, by elevating his arms, assist getting the holes
in the collar over the shoulder studs. The reverse of this pro-
cedure should be followed in removing the collar from the studs
when undressing a diver following a dive. Four oval-shaped
copper washers (234"" x 13.’’ by 16-gage) are now placed on the
stnds where the breastplate straps joln. The four breastplate
strapa are placed over the studs on the rubber collar. The wing
nuts are then run onto the studs; those on each slde of the straps’
Joints are screwed tight first, and those at the jolnts last. If &
dress with gloves ls nsed, the wrist straps are now applied. Nexi,
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the welghted belt ig fastened on, and the diver stands and bends
forward while the jock-strap 1s properly adjusted.

During the time the diver I8 belng 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 teken that a washer is In place
in each female coupling. Alr should then be blown through to
clear It of any dust and the hoge tested to pressure a little higher
than that In which the diver Is going to work.

Agaln, the diver sits and the telephone hendset (if the type of
telephone used requires a headset) is put on and the helmet, with
the faceplate apen, 18 screwed in place. The safety catch is turned
down into Its recess, the recess closed by the hinged stopgap, und
the split securing pin inserted. The combination telephonme and
life-llne cable, and alr hose are brought up under the right and
left arms, respectively. The combination telepbone and life line
s 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 iz Be-
cured with & lonyard by two round turns and & square koot to
the metal eyelet located on the left frout of the breastplate.
The 3-foot length of air hose (pl. ) and the alr-control valve
shall be in place. Alr 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 |s to perform and is ready to
dive, he lg assisted by an attendant on elther slde, to the diving
stage, ateps aboard, and graspa the {ron bales. When the officer
or diver In charge Iz satisfled that all i8 In order, the alr is
started, the helmet faceplate is clused and the alr regulating
fxhaust valve closed and reopened the deslred number of turns to
provide proper ventilation and buoyancy. The diver ls then
holsted clear of the ship's slde 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 belng dressed, the diving gear should
be looked over and tested as in diving operations from ships'
decks. If alr pumpse are used, they should always be worked In
thelr chests. The securing nuts for wheels and handles should be
Armly set-up with & wrench, the hinged flaps covering the gages
opened, the screw caep on the overflow nozzle removed, the clstern
filled with water, and the pump tested. If air flasks are used, see
that they are properly secured from rolling; that all connectlons
are properly made; that all valves, including stop valves, are
free to operate; and that proper tools are ot hand to relleve a
stop valve In case it should stick in closed position. Note the
pressure In each flask; see that the valves on the manifold are
properly turned and that the outlet nipples not Iln use are blanked
off. Examine the alr-control valve carefully and see that It
functions properly.

The diving ladder Is secured in position over the slde of the
boat and to the leeward. The descending line Is put over abaft
the ladder, leaving room for the decompression stage. Boundings
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gre taken. Normally the stage is not placed at the first decom-
pression stop until the diver has reached bottom. The arrange-
ment of the ladder, stage, and lines are shown on plate 84.

After the diver Is properly dressed, a manlla gafety line
tended by two men I8 secured around him, under the arms, and
he then climbs over the slde and stands on the diving ladder, with
his waist at the level of the gunwale on which rests the welghted
belt. The diver leans over the gunwale, the welghted belt is
fastened and the jock strap adjusted. Next, the helmet {8 screwed
In place and secured, the alr started, the air-regulating exhaust
valve properly adjusted, and the manila safety llne removed.
When the officer or diver in charge is satiafled that the gear in the
boat is properly arranged and In order, the diver descends on the
ledder untll the helmet is slightly below the surface of the water,
assures himself that everything functions properly, reporta “0. K.
wer his telephone, nnd begins hie descent.
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CHAPTER XI
THE DESCENT

The diver remalns on the stage or ladder ontil he assures him-
self that his dress is tight, air valvea and telephone In working
order, and after reporting such by phone or signal, he ateps off
und is hauled by the tenders to the descending line that is, nsnally,
made fast at the point where the stage Is put over. The diver
locks his legs around the descending line and holds onto it with
hir right hand, while he adjuste his alr supply with the left hand
before he starts the descent. He then starts on down at a speed
which wlll permit him to equallze pressures and “pop hls ears”
but must be prepared to check his rate of descent whenever neces-
sary. Since the time required for descent is included In the time
af exposure, It I8 desirable that the diver arrive en bottom as
swoon ug possible. The factors limitlng the rapidlty with which
i diver can descend : Posslbillty of squeese, lnabllity to equalize
the air pressure on both sldes of the ear drum, pains In the sloos
(assages, the tendency toward dizziness, and the necesslty of ap-
proaching the bottom cautlously, as, for Instance, when entering
a wreck.

When descending or ascending In a tidewny, the diver shounld
keep his back to the tide 20 that he will be forced agalnst the
descending line and not away from It. It s pot difficult for him
to malotain this position If he determines which way the tide
tends to ewing him and pushes the descending ilue over to one
alde or the other so a8 to check the swing. In addition to the
condlitions set forth In the preceding paragraph ss governing the
rate of descént, currents are also a factor.

Pain In the ears durlog descent s a warning that must not
be neglected, as rupture of the ear drums I8 threatened ; see chap-
ter XVII, Diving Accidents. The remedy Is for the diver to stop
his descent and yawn, swallow, or press hls nose agalnst the wall
of the helmet, to block the nostrils, and make a strong effort at ex.
plration. Ascending 3 or 4 feet usuully provides relief, and the de-
scent may be continued. 1If the dive s to be made In deep water,
and the diver has troube with his ears in getting down to 30
feet, it I8 advisable to bring him to the surface and not let him
dive that day. Paln In the slnuses Is usually caused by head
colds, and the only remedy I to prohiblt the diver from diving
until hls cold clears up.

Ag the diver descends, care must be taken that air is supplied
to him In the correct volume and at the pressure corresponding
to hls Increase In depth. Insufficient air supply durlng descent
may force the diver to stop because of squeeze. See chapler
XVII, Diving Accidentis. As the diver descends, air is forced out

152



THE DEBCENT

through the alr-regulating exhaust valve by the pressure of the
water, 50 that the dress becomes closely pressed to the legs, arms,
and body up to the breastplate. The reason for this ls discussed
In chapter VII, The Physica of Diving The experienced diver
adjusts the alr supply so that he breathes easlly aud comfort
ably without endangering his stability.

Upon reachlog the bottom, the diver holds onto the descendlng
lie and adjusts his buoyancy to such a degree that the helmet
merely lifie the welght of the apparatus off his shoulders. He
also checks hls ventllation and shonld spend 30 seconds to a min-
ute at the descending line to permit his body to adjust liself at
the new pressure level. See chapter VII, The Physics of Diving.
The warning slgne of COy polsoning sre thoroughly discussed in
chapter XVI1, Diving Accidents, under the heading of “Asphyxin.”

100024 —4if=-—11
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CHAPTER XII
TENDING THE DIVER

Tending the diver Is a task requiring both a knowledge of diving
nnd care on the part of the tenders. Therefore, the tender should
be an experienced diver. While tending a diver, he shall pot
perform any other work,

All slgnals made and received and all sudden movements of the
diver, or anything that seems to Indleate that he Is In dificulties,
ghall be reported by the tender to the officer In charge. The
tender must remember the length of hose extended to the diver and
should continually Inform the officer or diver In charge of the length
out while the diver is descending, on the bottom, and ascending.
The tender receiving a slgnal shall repeat it as received to show
that be has undersiood 1. A signal should never be repeated un
less what I8 meant is clearly understood, and if a wrong answer ls
recelved, the gigonal should be repeated until it s correctly under-
stood. In case the diver does not answer a slgnal, after two or
more triala at short intervals, ask him if he 18 all right, but if he
does not now answer, haul him up to the first stop of decompres-
glon and try again. If he still does not answer, there 18 nothing
left to do but to bring him to the surface. When a diver makes
a signal and his attendant does not answer, it may be because
there Is too much line out and the signal Is not received, hence the
diver should gather in the slack and repeat the signal.

Since the life line and air hose are made into one line (by seliz-
ing) to lessen the danger of fouling, the signals cannot be made
gaparately on elther the life line or air hose, Under ordinary eir-
cumstances the following code shall be employed.

Note: Hand signals should be considered the primary method
of communleation,

FROM DIVER
1pull means_____ I am all right.
2 pulls mean_.___. Lower or give me slack.
3pulls mean ____ I am coming up.
4 pulls mean_____ Haul me up.

5 pulls mean..... Send me a rope.

2-1 pulls mean___ I understand, or, apswer telephone.
3-2 pulls mean___ More alr,

4+ pulls mean.__ Less air,

» FROM ATTENDANT

1 pull means____ Are you nll right? (When diver is ascending,
1 pull means atop.)

2 pulls mean_.... You have come up too far. Go down until I
stop you.

3 pulls mean_____ Stand by to come up.

4 pulls mean_____ Come up.

2-1 pulls mean-—— [ understand you, or, answer telephone.
154
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Four pulls repeated several times In qulck succession Is the
emergency signal.

Other signals wlill, of course, be arranged to suit the exigencies
of the particolar work In hand, Care must be taken, however,
not to confuse the regular code. .

Two pulls repeated several times qulckly shall mean the diver
is fouled and the sssistance of another diver ls required. On re-
celving such a elgnal, answer It as recelved, but make no attempt
to haul the diver up. Send the rellef diver down as soon as pos-
sible. Three pulls repeated several tlmes in quick succession shall
mean that the diver is fouled, but can clear himself If let alone.

If the combined life line and alr hose becomes turned around
the descending line, It may become Impossible to send or recelve
signale by this means, and the turns must be taken out as soon
8% they are notieed. One pull repeated several times |ln quick
sutcession on the descending line will indicute that the life line
and hose are fouled. If, after a trial, they cannot be cleared, the
diver should be hanled up. It may become necessary to haul the
diver up along with his descending line and welght In this event,
if the welght Is heavy, the diver must try to cat it adrift and time
shonld be given him for this purpose. Because of the possibllity
of hls lines becoming fouled around another line, a diver should
ordinarily oot be permitted to descend on a lloe he cannot cut,
On occaslons it may be imperative or highly deslrable to use steel
rope or chaln. The selection of the descending line to be used I«
left to the judgment of the officer or diver In charge.

Bince slgnals cannot be recelved on a slack lne, the line should
be polled up until the diver enn be felt, and then the slgnals be
made gently but distinctly. A sudden jerk may cause barm to the
diver.

It is embarressing for a diver to find hils lines too taut, so
that he 18 belng continually pulled away from his work. 1If he
ls diving without telephone, it is difficult for him to make his at-
tendants understand that they are holding him too tight. In at-
tending the life line and air hose, the diver should be glven 2 or
4 feet of slack when be i8 on the bottom, but not so much that
he cannot be felt from time to time so as to make sure that
there {8 not too much slack out. It should be remembered that
a diver ot work may sometimes be in such a position that he can-
not answer a sigmol for several seconds, and a reasonable time
should be allowed before the signal is repeated.

Judgment must be used in interpreting signals, and the at-
tendant must consider what they are most likely to refer to. For
Instance, suppose a diver is golng down. It shonld be known
from the gage and the marks on the life line and the hose when
he gets close to the bottom, and if the tender gets one pull on the
Iife line about that time, It meang of course that the diver has
reached the bottom, but If the tender gets opne pull while the gage
and the marks on the lines should show that the dlver has not
¥et reached the bottom, the meaning would be to “Hold on"; the
diver has probably let go the descending line, or for some reason
wants to be beld by the life line and air hose. When the diver
Is on the bottom and near the descending line, also watch the lat-
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ter for signals, as the diver may want It lowered or the slack
taken up. If at any time there s anything serlously wrong, the
diver should ask to be hauled up, by signaling four puolls on the
alr hose and life line. Four pulls on the alr hose repeated is
the emergency eignal and the diver must never use it unless some-
thing serlous has happened. There must be no delay In obeying It

In case either the diver or attendant falls to get an answer over
the telephone, the telephone slgnal should be made to Indicate to
the other that he s trying to talk over the telephone. He shonld
walt a few seconds and try agaln and If now no answer s re
ceived, it should be assumed that the telephone s out of order
and resort must be made to the hand of signals, If on
the other hand after answerlng a telephone message, the same
message {8 repeated several times, and no attention s pald to the
answer, the person recelving the message should acknowledge tha
he understands It by making the telephone signal (2-1).

In deep water when a strong tlde is running, signaling by or-
dinary methods ls very diffienlt. Therefore diving under these con-
ditions should not be attempted without a telephone In good
working order. Under these clreumstances If the telephone shounld
fail, the diver should ascend or be brought to the surface.

In cuse of accldent or emergency, it may be pecessary to get
a diver to the surface a8 rapldly as poseible, desplte the possi-
bility of compressed-alr lllnesa. TUnder these conditions the spead
of the ascent will depend on:

{a¢) Nature of the accldent or emergency.

{%) Depth and length of exposure at which the diver has been
working.

{¢) The proximity of a recompression chamber ready for lm-
mediate use.

In any case when a dlver falls to answer his telephone or siyg-
nal, he ghall be gtarted toward the surface immediately. A pause
should be made at the first stage of decompression, and another
attempt made to communiecate with him. If no anawer 18 recelved,
remalnder of the ngcent must be made according to the judgment
nf the officer or diver In charge.

If there ls resson to suppose that the diver can be sent down
ngain immediately, or a recompression chamber I8 ready for imme-
diate use, a chance should be taken on a fairly rapld ascent for the
remalning distance.

If & diver loses his distance line and cannot locate his descend-
Ing line, It becomes necessary for his attendants to haul him to
the surface. In this ease, the diver shall notify the attendant to
pull him up and not waste time searching for the descending line.

In haullng a diver to the surface care must be taken not to
bring him up too rapldly as overinflation of the dress doe to
expanding air may cause him to be “blown up." TUnder this con
dition the diver should regulate the Inflation of his dress go as
to be heavy on the lifeline. The attendants should always keep
the diver ascending very slowly until he reaches the decompres
sion stage. They should cease heuling if It |s found that he is
becoming too light, but continue to take in all slack on the life
line. Trouble in this respect may be experienced when the diver
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s uneonscious or helpless. The diver should not be brought up be-
yond his first stop as indieated by the decompression tables, As
the diver reaches this stop, he may be worked over to the decom-
pression stage and If he s consclous no trouble will be experienced
in Janding hlm on It. If it is imposslble for the diver to find his
descending line at any depth, he should be brought to the surface
and taken over to the descending line, his lines cleared, and again
lowered to the decompression stage. In case the diver 18 helpleas,
decompression should be carrled out as described for surface
tlecompreasion,

Whenever u diver is working clear of the bottom, as on a ship’s

lleck or on a stage under a shlp, the attendants should always,

keep the life line and air hose well In hand. If under these con-
ditlons it was noted that the bubbles were moving rapidiy In a
stralght line, It would indicate that the diver had fallen; there
fore tightly grip gll lnes and quickly gather in the slack, and
if alr Ias belng furnished by hand pumps give the diver “"More air.”
Then ask him if he a8 all right, and if an affirmative reply is re-
celved, reduce the air supply to normal end await developments,
In any case where there i8 danger of a fall, keep a tight hold
on the dlver's lines and do not give out any more slack than
NeCcessary.

The air bubbles rislog to the surface from the diver's helmet
must be watched conatantly and [f they disappear for more than
one or two minutes, ask him If he fa all right. If the mass of
bubbles appearing on the surface ls moving around, there need
be no fear as to the diver's physical well-being. However, If Lie
remalns perfectly gulet, 1. e, his bubbles remain in one spot,
snd he cannot be felt moving by the life line he should fre-
gquently be asked If he Ia sll right.

During dlving it 18 possible to follow the operatlons of divers
sand to know where they are and what they are dolng by the
following methods which are briefly described :

{a) The operation of a pneumatic drilling machine can be de-
lected by feeling the supply alr hose at almost any polnt due to
the pecullar variatlom of pressure within the hose when the
machine {8 actually running.

{4} The operation of a pneumatle hammer can be detected
In the same manner. When divers are working with pneumatic
hammers or with hand hammers and chisels of falrly large slze,
it Is also possible by listening In the after hold of the sdlvage
vegsel to hear every blow thut |8 made,

{¢) The operution of an arc torch can be detected by observ-
ing the ammeter connected in serles with It

(d) The operation of a gas torch may be detected by the flow of
Eas past the redocing valves that is Indleated on adjacent gages.
Also when the torch 18 11t, the nolse can almest Invariably be heard
over the telephone of the diver who s operating it and the
large bubbles of gas from the torch break on the surface and
emit small bubbles of smoke.

157

j

E
|

i



CHAPTER XIIT
WORKING ON THE BOTTOM

On arriving at the bottom the diver should remain at the de-
scending llne long enough to regulate his apparatus and get
adjusted to the new pressure level, the reason being that In de-
acending the pressure of alr 1s accelerating and when the diver
come to rest, the air supply is, as a rule, elther too little or too
much. Geperally the former condition prevails. In either case, it
Ia absolutely neceasary to the diver that the inflation of his dress
be exactly right. This is obtalned when the diver so regulates his
air supply that the helmet and breastplate will be just lifted from
his ghoulders and yet not destroy his negative buoyancy. Next, he
must notice the ventilation of the helmet. While he Is thus stand-
Ing In a position of rest, his physlcal condition should be normal
and the diver ghould feel comfortable. If his breathing s rapid,
if he g panting for breath, perspiring unnaturally, experlencing an
undue sensation of warmth or dizziness, If his eyesight 1s not clear,
or If the helmet windews become cloudy from collected vapor, there
is bound to be an eccumulation of COy In the helmet, and the rem-
ody 1 “more alr,” Therefore, the diver should increase the ra-
pldity of circulation of air through his helmet, but at the same time
malntaln the correct Inflation of his dress. Proper Infiation of the
sult and proper ventilation of the helmet can psually be attained
by setting the helmet alr-regulating exhanst valve at 2% to 8
turns and further regulating the air flow with the alir-countrol
valve ; however, this valve should never be closed completely. Ex-
perienced divers adjust the exhaust valve at the same time as the
control valve; §. e, Increase air supply, increase exhaust ; reduce
alr supply, reduce exhaust. The alr-control valve is operated with
the left hand, thus leaving the right hand free to operate the
exhaust valve. Dress inflation may be used to an advantage to
lessen muscular exertion while at work. Without chaoging the
adjonstment of either the alr-control valve or alr-regulating ex-
haust valve, the alr-regulating exhaust valve stem may be used
to cause rapld deflation by pushing on it with the chin, or rapid
Inflation by grasplog It with the lips. Alspo when working In
awkward positlons with both handa employed, the use of the but-
ton on the air-regulating exhaust valve stem becomes of speclsl
bepefit. The supplementary relief valve or “spltcock” 18 also val-
uable for exhausting excess amounts of alr.

If, with the valves adjusted for the erect position, the diver
stoopa down for more than & short time, alr accumulates in his
dress and makes him light; hence, when remaining bent ower or
when crawling on hands and knees, the diver must manipulate his
chin valve or spit cock so as to allow alr to escape freely. An lpex-
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perienced diver tends to permit too much alr to flow through the
helmet, thus wasting alr, and rendering communilcation by tele
phone more diffienlt,

After adjusting the alr supply the diver should clear his dis-
tance line and proceed to work with the least delay. Before
leaving the descending llne he sbhould note the lead of his hose
and life-line cable and assure himself that they have not fouled
the descending lipe. He should also note the bearing of the
brightest light (diffusion of sun rays) and the direction of the
current. By remembering the direction of his work with refer-
ence to the direction of the sun while he was on the surface, it
is easy for him to proceed in the desired direction. If, for in-
stance, the sun shone In the left helmet window as he faced the
directionm of his work before starting his descent, the greatest
smount of light should still shine In the left window of the helmet
when on the bottom If the diver's position Is the same as when
on the surface with relation to the sun. If the diver can see
well and 8 sure of his directlon, he has merely to survey the
field within the range of his vision, notlog the formation of the
bottom, the trend of hues, ete. If the light Is poor, he can de-
terming it8 direction by faclng the lght squarely and then turn-
ing slowly sround to elther side. If he turns to the right, the
view out of the right slde window will be dark and the vlew out
of the left window brighter. Coutlnuing to turn, the light will
be on the back of the helmet and nll windows will be darck, ete. 1If
there 18 no llght, the diver will have o depend apon the direction
of the current for his gulde. The slightest genernl movement of
the water can nsually be detected by an experlenced diver; how-
ever, the current does not always flow In the game directlon on the
bottom as on the surface and consequently if the diver should
siart off in & wrong direction he should be warned by his tenders
by telephone or signal. A warning or signal for him to go right
or left means that he ahould first face in the directiom from which
his lifeline and alr hose are tending, and then obey the order.

Upon leaving the descending line, the diver should proceed
slowly and cauntiously to conserve his strength. He should ex-
amine his immediate surroundings, and report any wreckage or
cbstruction encountered. As a general rule he should pass over,
not pnder, these ohstroctions ; hence by the same token, he should
mever pass nnder the keel of the diving boat, but should have
his lines shifted If it Is necessary for him to work on the other
side of the boat. The diver should carry one turn of alr
hose and telephone cable on his arm, In order that a sudden pull
from the surface would not cause him to lose his balance. He
should allow the hose and cable to touch the deck or bottom be-
hind him, bot should not allow It to plle up or kink. In pass-
ing any standing object, the diver should kevp In mind the side
on which he passes 50 as not to foul his llnes when he returns.
In entering a lrru‘t or when passing through doors, he should
shoays proceed feet first, and never attempt to force his shoulders
and breastplate through. When In the course of any of his
work he feels the slightest symptoms of distress, he should stop,
rest, and think the sltuntion over curefully. 1f a diver is to
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work in a place In which there |z a danger of fouling, a second
diver shall always be ready to go to his assistance

A diver can move with ease In slack water, but as the tide
or current Increases, it becomes Increasingly difficult to advance
Thia difficulty may be lepsened by advancing In a stooping or
crawling position, us by so doipg, the area of his body exposed
to the sweep of the current I8 reduced. The latter-mentioned
position s the easlest one for a diver’s navigation under water,
however, as mentioned In the foregolng, every time he assumes
a new posltion, he shall have to look out for the regulation of
the Inflation of his dresd,

On a rocky bottom the diver should be careful not to fall off
a ledge of rock Into deeper water, nor get his arm or leg cangh!
in a crevice. If he should fall, he should check his descent by
increaging his alr supply valve and telephoning the attendant to
“Hold on." This rule, of course, also applles to a fall under any
other circamstances. If the rocks are sharp, as coral usually ls,
the diver should wear gloves. He should watch his alr hose, 8o
-that it will not cateh & turn around & rock, and should eaution the
atiendant about keeping the slack well In hand. If the diver's
lines get fouled, he should gather them up and retrace his stepa by
following the lead of the alr hoge and life line. If they happen to
become fouled In opposite directlions, he should ask the attendant to
take in the slack on one of them, then the other. It {s almost
smre one will be clear. In the event they are both actually
fonled and there ls no other resource left, he should cut the
telephone cable or life line, then follow up the air hose and
clear It. Never permit too much straln to be put on a fouled
alr hose, lest It be parted.

If a diver finde himself on a muddy bottom, he should not
fiounder around and stir up the silt; a clond of muod will pre
vent him from seeing anythlng. For the same reason he shounld
keep the lee side of his work If there I8 any current. If the
hottom 18 very soft, he should egpread himself out over It and
not try to stand. He should make himself light by keeping plenty
of alr in the dress. By opening a coff or elevating an arm of
opening the spitcock and permitting excess air to escape, he
may rid himeelf of excess buoyancy. If he sinks deeply In the
mud, it s because of negative buoyancy ; posltive buoyancy will
take him out; however, he should operate very slowly and cau-
tlougly. He should wiggle out of the mud as graduoally as he
can; otherwise, as he breaks loose, he Is apt to be “blown up.”

Divers have béen known to work under many feet of mud
and sllt for long perlods without discomfort. There s nothing
to fear about mud, quicksand, and the llke. On sccount of be-
Ing In m substance of greater consistency than water, movements
must, necesaarily, be more dellberate, and, by the absence of
light, all work must be accomplished by the sense of touch. In
some localities, such as around plers and dockyards, much debris
falls overboard, and there are apt to be old tin cans, bottles, ete..
In the mud. These, of course, should be looked out for, and the
honds protected by gloves,
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thoroughly and as expeditiously as possible the whole of the
ground within the sweep of his distance line. To sccomplish
this, be should take up the distance line and go to the leeward
of the descending line welght as far as he can see clearly; then
ecolling the distance line in one band and keeplog it taut with
the other, he sweeps around in a circle. When he comes back to
the place from where he started (which muost be judged by some
object on the bottom, his own footprints, the directlon of the
tide, a line stretched along the bottom for the purpose, ete.), he
fleets out n short distance along the distance llne and makes a
fresh circle In the opposite directlon, thus avolding the twisting
of his alr bose and Hfe line around the descending line. It ia,
generally, more advantageous to crawl on the bottom when
searching, though In exceptionally clear water, a better feld of
vislon may be obtalned by walking. The diver should not fleet
out too far, but should let each new circle merely overlap the
preceding one.

When a diver has explored the whole of the ground In this
way without findlog the object sought, he may be certaln that
it 1# not within the reach of the distance line; hence the next
step would be to have the ship or the diving launch moved so
that & new ares may be searched. Each time before the ship
or the diving lavnch Is moved, its positlon should be marked by
a buoy so that a systematic search may be accomplished. When
a pumber of buoys have been thus planted over a conslderable
area, the unlmportant ones may be removed by the surface crew,
the Important ones, however, marking the boundary of the ex-
plored area should remain until the search ls completed. .

The diver may be unable to make a complete cirele If there
Is much tide or current ; In that case, it s necessary for him tu
work back and forth across the tide as far as he can reach, each
time fleeting out a little farther along the distance line until
be reaches the end, and then have the poaition of the diving
boat shifted.

Btill another method of searching is to plant two large buoys
a long distapce apart. A surface line of adequate size manila is
stretched between the two buoys, and the diving launch with
diver on bottom, I8 then ferrled along, the surface line being
taken over the bow and stern rollers of the launch, and the boat
pelong glven headway by pulling on the line or stopped by holding
onto It, according to signal from the diver. The advantage of
this method s that the speed of the boat ls always under ex-
act control.

Upon finding the object sought, the diver should, If possible,
fasten his distance line to It, after which he may signal for n
rope and bave it hauled op or go up and make his report, as
clrcumstances may require. An object once found can always
be relocated by means of the distance line tied to It

When a diver Is required to drag a long length of life line
and alr bose after him, or when It Is necessary for him to work
around several corners, an additional diver or divers are of as-
sistance to him In tending his lines at Intervening locatlons on
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the bottom or on deck. Thus, {f his telephone should fall, he
could send signals to one of the divers tending his lines, who,
In turn, would transmit them to the gurface by telephone or
signal over the first diver's lines, using his own lines only for
slgnals affecting himself. However, it should be borne In mind
that the greater the number of divers submerged simultaneously,
the greater the possibility of fouled lines. Whether the benefits
of this procedure justify the ascreptance of the greater possi-
bility of foullng depends on the emergency or clreumstances in-
volved. Frocedure will be at the discretion of the officer or diver
in charge.

When working about moorings, a diver should be especlally
careful not to get fouled. He should not dip under chalns, ete,
without having a distance line to show him the way back As
old moorings are often covered with sharp barnacles, gloves
should be worn to protect the hands. A diver should not de-
seend on & chain or wire If It is possible to do otherwise, and
pelther should g chain, wire, line, or welght be veered, lifted,
or moved until the diver s clear of them.

When a diver iz required te work with several lines, it 1=
a good plan to have each of them of a different size or ma-
terial or marked using colored rags, turns of small stuff,
ete. g0 that he may know their individual purpose. He shounld
never cut a line unt!l he has made certain the purpose for which
it Is being nsed. Bince a new line when under water shrinks
and usually takes several new turns in it, It should first be low-
ered in the water by means of a welght and allowed to remain
a considerable length of time before it 1s sent to the diver. Other-
wise, If lowered alongslde of another line, It 1s sure to become
fouled. For undertoater work, cable-laid line is the safest and
mast useful,

In recovering an anchor, the line of the watching buoy shouold
be hauled up and down, and the descending line weight dropped
clogse alongside It. The diver can then go down his descending
line, keeping the buoy line In hand as he descends, thus prevent-
Ing his descending line from fouling the buoy line.

If a wire hawser has to be shackled onto an anchor, the task
may be accomplished in the following manner:

Prepare the wire by fitting a large shackle to the eye and by
stopping another shackle with its erown against the wire a short
distance ahove the eye. The pins of both shackles shonid be
fitted with lanyards to prevent thelr loss under water. Shackle
the wire to the descending line or to the anchor buoy rope (if
wiatching) by the upper shackle, which will set as a traveler,
leaving the end of the wire free for the diver to handle. When
the diver has found the anchor, Lie should signal for the wire,
which should be carefully lowered to him, great care being taken
to prevent the wire being dropped on the diver or too much
being paid out, sinee large lnkes on the bottom render [t diffienlt
to find the end and may foul the diver. After shackling on, the
diver must come up before any attempt is made to welgh the
anchor. If the unchor §s any distance from the deacending line,
ot the buoy Iz not watching, the diver should bend his descend-
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Ing line on or get #nother rope bent on, 80 that the lifting wire
may come down exactly where it i8 needed. The same applies
for ralsing other heavy welghts, such as guns, torpedo tubes, etc.,
from a wreck.

Whenever a diver Is working clear of the bottom, as on a ship's
bottom. he should never run the risk of falling off, but ahould
always have pomething substantial to hold on to and make the
attendants keep the lfe line and alr hose well In hand. He
should never go under the keel of a ship and up the other glde;
It It is necessary to work on the other side, he should ask to have
the boat shifted. It Is dangerous for a diver to hold on to some-
thing overhead and climb around in that manner if he I8 far
from the ground; all the air in the dress may escape out of the
cuffs or through leaks In & torn glove, ete, In which case he
may become 80 beavy &s to precipitate a fall

The amount of work which can be accomplished on shipe’
bottoms by divers depends largely upon the nature of the work
and the extent of stable accessibility that can be maintained by
the rigging of lines, ladders, stages, ete., to the wreck. Two or
more jacob’s ladders lashed together side by side and welghted
at the lower ends form a convenlent arrangement to enable divers
to work over the side of a vessel. If the ladder ls hung from
the ends of spars secured on deck and projected about 2 feet
clear of the ship's side, the ladder ls hauled under the bottum by
hogging lines ; the divers will have room to work, be able to move
around freely, and be protected from falllng, they of course being
on the Inboard side of the ladder. For working beneath the
bllge keels of large vessels where the bottom 18 usually (at, a
good plan Is to lace a net between two jacob's ladders. The twao
ladders are separated by spars lashed In place so as to stretch
the pet, and the whole is passed under the keel by the ald of
bogging and tricing lines. The diver can then lie back In the
pet and work on the boltom above him with comparative ease,
When & diver Is worklng nnder a ship, all lines, ete., must bhe
carefolly attended.

Another method of rigging a stage which Is very quickly made
and has been found very suitable for the use of divers working on
a ship's bottom s as follows:

Two long spars, 20 to 25 feet long, are suspended from each
other about 4 feet apart hy means of two long ropes, the blghix
belng clove hitched around the end of each spar, the upper ends
forming the tricing lines, and the lower ends the hogglng lines.
The tricing lines are to take the weight of the stage, and the
bhogging lloes are for holding it down and binding it In to the
ship's side. A third spar about 18 feet long Is hung to the lower
of the two long spars by means of a slung welght, 80 as o
keep it in a horizontal position about 3 feet below the lower long
mpar, sufficlent welght belng hung to the stage to overcome its
booyancy., To prevent the stage belng bound too close to the
ship’s slde, crosses of wood can be used, made from any rough
pleces about 314 feet long, and secured In the form of a cross,
One of these crosses is secured at each end of the upper spar,
& gmall cleat nalled on the spar prevents the crosses from slip-
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plog iowards, and the clove hitches of the stage ropes prevent
them from slipping outward. This stage | suitable for two
divers, and the stage can be railsed or lowered bodlly, the diver
at each end making his own signals. When it is desired to fleet
the stage, the divers should come to the surface.

Collision mats, patent leak stoppers, mattresses, canvas, swaba,
cotton waste, caulking, wooden wedges, cofferdama,, ete., have all
been used successfully in making emergeney repairs to the in-
Jured hulls of vessels, There are no standard rules for the actual
performance of such work. As procedure will necessarily vary
with each undertaking, methods and facilities will have to he lm-
provised to meét the emergencies of particular cases.

In general, small leaks such as leaky rivets, plate seams, and
cracks In shell plating can be corrected by use of standard pneu-
matle caulking tools If time permits. A qulck but less perma-
nent methed of stopplng minor lenks Is to use leak-stopplng ma-
terlal such as sawdust, shavings, straw, or unravelled cakum.
This materinl ia taken down by the diver and released from =
sack at some point below the leak. Belng buoyant the material
will rise ontll eanght In the current produced by the flow of
water from the outside of the ship to the Inside through the
small opening. The material released will lodge in the erack
and will swell up, causing eventual stoppage of the leak. A better
substance to nse, If the exact location of the leak |8 known, is a
mixture of 85 percent lamb tallow, 25 percent powdered charcoal
and 10 percent portland cement and work thls paste directly In
the leaking seam.

Small holes, such as empty rivet holes, rupiured plate seams,
vte., can readily be patched hy using plngs and wedges of white
pine or some other suitable soft wood. If the holes are In such a
position that the wood plngs might become dislodged In the re-
mainder of the salvage operation, it would be well to use bolts
through the rivet holes with a washer on both sildes. In uslng
wedges to stop seam leaks, tallow, onkum, lead wire, ete., can be
used as a eaulking material to Insure tightness. If wedges or
pluge are driven from the Inside, portland ecement may be nsed
to secure them in place and prevent leakage.

Holes of moderate size that are too large to close by use of a
simple wooden plug, and too small to be closed by applicarion
of a Ilarge standard patch, can be temporarily closed by use of
materials such as blankets, mattresses, plllows, or collislon mats.
When the compartment is later pumped down, a concrete patch
can be fitted from the inside.

In brief, the general procedure for applying large patches is as
follows: The diver must first go down and cut away all adjacent
fiactured or torn plate so that the patch will be secured on good
solid plating. The slze of the patch is then determined by unsing
# plumb-bob suspended from the topside. The extremities of the
hole are marked on the deck and the width of the hole is deter-
mined by the use of two square marks tied in the line by the
divers. A frame to these dimensions I8 now constructed and low-
ered where it I8 temporarily secured in place so that battens
might be used to make a templet of the curvature of the ship's
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hull. The patch 1s agaln brought topalde and bullt up to conform
with the curvature of the battens placed by the diver. The frame-
work is then covered by tongue and groove planking and the In-
side bearing surface of the patelf Is covered with a cow hair felt
gasket about 4 Inches thick, Ordinary planking may be substl-
toted for the tongue and groove, and caunlked with oakum or
covered with canvas.

The patch is then welghted and drawn into place by means of
hogging lines or block and tackle rigged for this purpose. If It
Is Impossible to get to the bolts to secure the patch in place from
the lnside, the outslde pressure will automatically seat the patch
and bold It In place untll 1t will become accesalble when the com-
partment has been pumped down.

Valves, as a rule, can be easlly cleared from the outslde by
means of a wire brush and a pricker to clear the holes. If bar-
nacles have gathered Inside the perforated covering, the grating
must be taken off to destroy them. The position of the grating
should be marked before removal to facilitate Its replacement. In
case of the removal of & valve, after the securing plate has been
taken off, the hole plugged up, and the plug cut off flush with
the ship's side, the outside should be covered with wood, lined
with greased fearnaught to prevent any leakage Inboard. If the
valve Is only to be kept out a short time, this covering need only
be temporarily fastened, as the pressure of the water on the out-
alde keeps It in place,

Propellers usually get fouled by rope or wire hawsers, and at
times are most difficnlt to clear. A stage should be rigged near
the foul part (an lron-grating will answer the purpose) to enable
the diver to work In comfort.

First, the foullng should be thoroughly examined to see If It Is
possible to clear an end ; if so, and If the turns are jammed, rope
ends or tackles from the surface must be got down and put on
to break them out. Back turns can be taken, or the propeller
turned by the jacking engine to insure the lead of the tackle belng
ut it best, the diver and stage belng out of the way when the
propeller 18 being turned. If no end can be exposed, then the
hawser must be cut. The engineer officer on duty must always
be informed whenever & diver is working about the propellers.

Hope hawsers can be cnt with a knife, hack saw, carpenter’s
chisel, ete. There are three practical methods of cutting fouled
wire cables. The first, and probably the most expeditious method,
is by nse of the powder actuated cable cutter described In chapter
XIX provided the diameter of the cable does not exceed 1 inch.
The second Is by burning with the underwater gas or electric
torches described In chapter XIX. The third and most tedious
method 1s by entting the cable with a sharp chisel or saw.

Whenever a diver discovers that he has become fouled, he
should not get excited, but instead, he should attempt to extricate
himself by slow methodical efforts. The distance line should
pever be released as it s a safe guide, and will, generally, show
the way out of a tangle. The diver should Inform the surface
crew to take up slowly the slack In his alr hose and life line,
After restlng and agaln attempting unsuccessfully to free himself.
he should ask for help,
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The rellef diver should follow down the fouled diver's air hose
and life line In order that he may discover the tangle. Howerer,
it after discovering the tangle, he iz unable to release the fouled
diver, he should be prepared to Bubstitute a new air hose and life
line. To accomplish this, the rellef diver fastens the new life
line around the fouled diver's waist. Next, with the nearest free
coupling of the fouled air hose at hand, the fouled diver closes
his air-regulating exhaust valve and his alr-control valve while
the rellef diver uncouples the fouled air hose and couples on the
new one. If an air-control valve s not used, It s important that
the hose coupling to be broken shall be at or below the level of the
fouled diver's feet.

The distance line may be lost by the diver, because of darkness
when diving at deep depths. Should this oceunr, the diver should
feel carefully on the bottom within his reach for It. But If, after
this simple maneuver, he does not find the distance line, he shonld
inform the surface of the loss and that he l8 coming up. The
attendant should keep the air hose and life line close to the
descending line, and as the diver la hauled toward the surface, it
ia highly probable that he will dlscover the descending line, As
soon as he discovers the descending line, he 8o Informs the surface
attendants, signals them to “Lower,” descends, and, with the dis-
tance llne again In his possession, returns to work.

Tools that the diver 18 to carry down to the bottom with him
arg fltted with lanyards, and slipped over the diver's right fore-
arm or are placed in the diver's tool bag held on the right fore
arm. In preparing the tool bag, all small tools, bolts, nots, and
small fittings are secured to the eyelets of the tool bag with ap-
proximately 3 feet of marline. See chapter I, Equipment !

When a power tool is to be sent down, It should precede the
diver, and should be attached by a piece of G-thread manila to
a sliding shackle on the descending line, and lowered to the bot-
tom by means of the tool's air hose

An electric torch and ground wire or a gas torch and Igniter
may be sent down In the same manner as the power tool, excepl
the ground wire or torch hose I8 used as the lowering line.

For all other objects, use 15 to Z1-thread manila for a lowerlng
line, led from well forward to prevent turns, attached by an eye
gplice to the sliding shackle on the descending line, the amall ob-
Jeets belng, In turn, attached by a short plece of murline to the
shackle.

In order to work efficlently and safely under water, a diver
should keep In mind the following general rules and facts:

(@) Never completely close the alr-control valve, except durlng
rupture or replicement of alr hose.

() The helmet alr-regulating exhaust valve stem known as
the chin valve may be used effectively to release quickly sult
pressure when desiring to stoop or crawl on the boltom without
changing the air-control valve and the alr-regulating exhaust
valve adjustment.

{¢) The helmet spitcock offers another method of relleving ex-
cess pressure in the helmet.

{d) The safety valve in the helmet gooseneck and the helmei
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air-regulating exhaust valve will seat themselves if the diver's
air supply 1s lmpaired, but the spitcock, If open, must be closed
immediately by hand.

(e) A diver ls never in danger from a leaking dress provided
be remalns In an upright position. Divers have descended to a
depth of 274 feet with helmet only.

(f) Alr trapped In the diving helmet will last from 6 to 9
minutes for breathing purposes after diving alr s cut off; thus
providing ample time for emergency measures to be executed.

{g) In case a diver Ils fouled and cannot extricate himself, a
rellef diver that !s sent down must be prepared to replace both
air hose and life line—a procedure that may be safely executed
on the bottom.

(h) Never become frightened or excited ; slow methodical af-
forts are always best in any emergency. Inexpert divers have
been known to actually worry themselves to death over very
simple circumstances. Such & state of mind ls both needless aud
nséless. A diver should never make the foollsh mistake of run-
ning away from his alr supply, and consequently from safety; L. e,
to become panic stricken and make violent exertlons to escape
from a tangle, when the proper course 1s to go slowly and dellber-
ately. When In trouble, he should slow down his exertlong and,
it relief 18 not lmmediate, rest a while. No matter how serious
the sitoation appears, a diver should remember that there was e

way into his predicament, hence there is also & way out of It, and

if he eannot solve the problem himself, that the rellef diver and
his friends on the surface will.

(4) A diver must have confidence, first In himself, and second,
in those who are tending him.

(f) A diver should adjust his alr in such a manner that he is
enabled to breath comfortably.

(k) The combined discharge of alr-reguluting exhaust valve
and spitcock will not overcome the flow of air that will pass a
haif-open control valve, hence movement of the control-valve
wheel must be very small

() The alr-regulating exbaust valve adjustment should be set
at the desired number turos open prior to dive.

(m) If a diver should crack hls faceplate, he should keep
his faceplate downward and Increase his air supply to prevent
leakage.
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CHAPTER XIV
THE ASCENT

The essential feature of the ascent I8 decompresalon of the
diver. This Is necessary to prevent contraction of compressed-alr
lllness or, a3 It Is more commonly called, “bends" “screws,”
“diver's paralysis,” “calseon disease,"” etc. Its canse and the
proper treatment for It are described In chapter XVI, Gumprmed
Alr Ilness.

The moat efficlent, practical, and safe method of decompression
s stage decompression, which conslsts of reducing the pressure
in certaln successlve stages, In ratlo with the pressure of the dive,
and maintaining the reduced pressures for certaln perlods of
time, dependiong upon the depth of the dive and time of exposure
on the bottom.

It 18 possible to accomplish stage decompression by one of two
methods, These are (1) regular decompression, and (2) surface
decompression.

Regular decompression, as termed hereln, conelsts of decom-
pressing the diver In the water by bringing him up to the lnter-
venlng end soccesslve depths listed in decompression table 1 of
this chapter, and maintaining him at these stopa for the prescribed
period before surfacing him. This method of decompresaing the
diver |s stundard and shall be followed [n all cases except where
emergencles or conditions of tide or weather are such as, in the
oplnion of the officer or diver In charge, warrant surface
decompression.

Regular decompression In the water shall be ammﬂ'llhﬁl as
follows: The diving stage (platform) shall be lowered to the first
decompression stop prescribed In the decompression table for the
particular depth at which the diver s working. The diver after
reaching the descending line and assuring himself that all llpes
are clear shall report to the tender that he ls ready to ascend.
Everything on the sorface belng In readiness the word ls saat
to the diver "all right—come up." ‘The diver then places one leg
around the descending line, as In the manner of descending,
lightens his welght us necessury by Inflating the dress, and ascends
to the stage keeping hig left hand on the control valve.

It will be noted from the accompanylng table that followlog
dives at deep depths and long exposures, the diver s required tu
spend long periode of time decompressing on the stage. Where
loeal conditions of weather, tide, ete, are ideal, thiz does not
congtitute a hardship. However, local conditlons are not always
favorable to deep diving and where they are severe or liable to
sudden change, the long decompression In the water does become
n bardship and frequently presents a greater hazard than bringing
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the diver directly to the surface without Intervening decom-
pression. When, n the opinion of the officer or diver in charge,
such conditions do exist or arlse during diving operations and the
depth at which the diver has been working and the time of
exposure are np greater than those prescribed for surface de-
compression In table 11, the diver may be brooght up to the first
atop and decompressed at this stop as Indicated in the appropriate
table. He ls then brought to the surface at a rate of 25 feet per
mioute, the stage is holsted aboard, the helmet, belt and shoes
are removed and the diver placed in the recompression chamber
in the shortest possible time Interval. The pressure ls ralsed at
once to the equlvalent of the first stop. The decompression time
of the first stop I8 repeated and the remainder of the decompression
completed as indlcated In the appropriate table.

This method Is termed surface decompression and, contingent
on the avallabllity of a recompresalon chamber, is applicable to all
emergency ascents,

Beveral factors mnst be kept in mind when uslng surface
decompresslon :

{a) The time of exposure must be within the time limit sted in
table IL

{b) The rate of ascent of the stage shonld not exceed 25 feet
per minute.

(o) When on deck the diver must be pleced as rapldly as
possible under pressure corresponding to the first decompression
stop lleted in table I for the particnlar depth at which he was
working.

The Burean of Bhipe has been experimenting contlnuously over
a considerable number of years with varlous methods of decom-
pression with the vlew of correcting Inadeguaclies found to exist
In former tables and of reduclng as far as |8 consistent with safety
the time hitherto required for decompression In deep diving. The
following tables which have been calculated as a result of this
work are based on the saturation and desaturation rate of the
Ti-minute tissne, consldered to be the slowest tissue of the body
mo far as regards saturation and desaturation. The great num-
ber of dives made by the Experimental Diving Unit durlng de-
velopment of the tables In the water diving tank and open pea In
depths down to 300 feet and thelr subsequent nse by the Diving
8School for approximately 3 years have proved the tables to be safe.
Accordingly, the new tables have been adopted as standard United
States Nuvy decompression tables and should henceforth be uzed
as such.

Table I lists the stops and the required decompression for
depthe of from 40 feet to 300 feet for varlous times of exposure
at these depths. Table II lists the maximum time of exposure at
varions depthe down to 170 feet, following which surface decom-
presaion may be used with reasonable safety.

In no case, except In great emergencles involving life or death
and requiring the immediate surfacing of the diver, or except
when speclally tralned diving supervisors and recompression ap-
paratus are avallable, a8 on submarine rescue vessels, shall the
optimum time on the bottom for the particular depth Invelved
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be exceeded nor the decompression stops and tme of stops as
listed in table I be reduced. When this time {8 exceeded, the
casuglty treatment prescribed elsewhere shall be followed.

The length of time at each stop as listed indlcates the time
which must actually be spent at that stop and does pot loclude
the time necessary to pass from any stop to the next shallower
one. The exposure tlme listed Includes the time consumed io
descending, |. e, the interval of time between leaving the surface
and the beginning of the ascent in regular decompression and
the Interval of time between leaving the surface and the time the
stage starts to the surface with the diver on It In surface de
compression.

In extremely cold water, desaturation of the tissnes I8 less rapld
but the followlng table I8 adequate for all water t\emperntllm
which may be expected In normal service.

Decompression table No. 1
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Decompression table No. I—Continued
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Tanrg II.—IL4mils of depths and crpostre for
surface decompression
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In consldering precautions for insuring the safety of the diver
In making his ascent, certaln rules ln regard to the number of
dives an Individual may make In short perlods of time shall be
observed. Specifically, a diver should not, except in emergencies,
make more than one dive of any considerable depth in 24 hours
However, should it become necessary for one Individual to make
more than one dive In 24 hours, hig ascent on the latter of the
two dives should be governed by the following rule: Take the
tetal combined tlme of exposure on both dives and use a decom-
) resslon for thut exposure at the depth of the latter dive.

The timekeeper shall keep an accurate record of the time re-
qulred for the diver to reach the bottom, the time of exposure
on the bottom, the time of ascent to the first stop, and the time
spent at each stop during the subsequent ascent. If there ls any
doubt s to the time that the diver has spent on any phase of the
ascent, the time allowance should be made in the diver's favor.
These times shall be carefully kept and recorded as In the fol-

lowlng example ;

a.m,
Entered water - e am 10, 00
Btarted descent. oo 10, 05
On bottom. . _ 10. 07
Btarted ascent.__________ i g g b g 10. 50
Flrst stop, 50 feat. o e e 10, 32
Second stop, 40 feet . .. o 10. 87

The attendant shall always keep himself Informed as to the
depth of the diver under water. This can be estimated by the
length of hose out and, when diving with alr pumps, by the
pressure reglstered on the diving gages. The diving hose ususlly
tends straight up and down, especially in shallow depths, provided
that the sweep of the curreut Is not too great. After the diver is
on the stage the depth can be readlly ascertained by the markers
on the stage lines.

The attendant shall frequently contact the diver by telephone
or algnal while on the bottom and on the stage to ascertain If all
is well.

The attendant shall give the diver a few minntes' notice before
the explration of the diver's time on the bottom, so that the diver
cun make the necessary preéparation prior to his ascent and not
exceed his limit of stay on the bottom.

During the time that the diver is making preparations for
the ascent the attepdant shall remove any slack In the lines,
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rig and shackle the stage to the descending line. and select the
proper decompression from table 1 for the dive. The stage ahall
then be lowered to the first stop for regular decompression as
indicated In table I for the depth of the dive, or, If surface
decompression is resorted to, then as close to the bottom as
practicable, The stage may be shackled to the descending line so
that It will be imposalble for the diver to mlas it on his ascent.

During the ascent the attendant must at all times keep a tight
hold on the diver's air hose and the life line and the slack well
in hand.

During the diver's ascent, In regular decompression, when his
hoee and life line or gages, as the case may be, Indleate that he
Is approaching the stage, he should be notified to stop and then
ascend slowly and watch out for the stage. Bpeclal care in this
respect is necessary so that the diver shall not exceed a safe limit
of pscent.

The tlme of decompression at the firat and succeedlng stops
(regular decompression) shall be caleulated from the time that
the attendant recelves from the diver notlfication that he ls on
Blage.

In regular decompression the ascent is completed by bolsting
and stoppiog the stage to and at the successive stops prescribed
in decompresalon table I. Prior to holsting of the stage between
the first and successive stops, the timekeeper shall notify the
diving officer sufficlently in advance of the termination of the
prescribed time at the respective stop, to permit necessary prepa-
ration for the hoisting. For example, if the diver has been
decompreseing at the first stop and the time spent on the stage
at the first stop Is within 1 minute of the total time prescribed
for that stop, the timekeeper shall indicate It by distinct en-
nonocement of “one mioute to go.” The diver ls then notlfied
by the tender to stand by for holsting to the next stop. The
timekeeper shall announce the termination of the proper time
at the varioons stops and before starting the stage upward, the
diver shall be apprised by the tender of the Intended holsting by
the message “coming up." On coofirmatlon reply from the
diver, the diving officer or diver In charge may order the diver
brought to the next stop.

When the stage arrives at the surface after regular decom-
pression, It Is lifted and swung clear of the gunwale, lowered
lightly to the deck and the diver asslsted from the stage. As
s00n0 a8 the diver (s seated, the face plate is opened and the alr-
supply valve closed. If & recompression chamber is available,
the diver Ig undressed at once. If a recompression chamber s
not avallable, the diver's helmet is removed but he should re-
main dressed for at least 20 mioutes and closely observed for
symptoms of compressed-alr |llness. At the end of this period, If
the diver's condition appears normal, the diving dress may be
removed.

When the stage arrlves at the surface preparatory to surface
decompresslon, It is lowered to the deck as before. " The dlver's
helmet belt and shoes are quickly removed and he Is escorted to
the recompression chamber by the attendant, who enters the
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chamber with him and removes his suit as the pressure is ralsed
to that corresponding to the first decompresslon stop. Not more
than 2% minoutes ghould elapee from the time that the stage
leaves the water until the diver 18 Inside the recompresaion
chamber and is again being subjected to pressure.

It Is well for the diver to remaln in the vlcinity of the re-
compression chamber or facllities for onderwater decompresslon
for at least an hoor followlng the completion of a deep dive,
even though there has been no Indieatlon of compressed-air iil-
ness durlng the 20-minute perlod mentioned. When extremely
deep dives have been made, it is advisable to keep the diver
aboard ship where he can be observed for at least 8 to 10 hours.
If there develop any indications of compressed-air lllness, the
diver should be recompressed and decompressed io the recom-
pression chamber In accordance with the treatment prescribed
in chapter XVI. If a chamber is not avallable, recompression
and decompreasion should be accomplished by sending the diver
down agaln, .

If, during a diver's ascent on the stage In regular decompres-
slon, symptoms of compressed-air illness develop, or the diver
suffers any physical distress, the tender, upon recelpt of notifi-
catlon to this effect from the diver, shall lower the stage to the
first decompression stop and have the diver undergo a second
decompression. Thie second decompresslon shall be In accordance
with table I for the depth of the dlve but for double the actual
exposure in the dive,

After receiving Instructions from the surface to come up, the
diver shall make preparation for his ascent at once, |. e, get over
to the descending line, see that he I8 clear, and that there ls
nothing to Interfere with the ascent. If the ascent is to be with
regular decompression, the next step ls for the diver to throw
one leg around the descending line as In descending, so that he
will be able to check him ascent Instantly, shounld he suddenly
attaln a strong positive buoyaney by overinflation of the dress.
Then he shall notify the surface “Coming up.” He shall not slart
his ascent untll he has recelved the answer from the surface,
“Come up" by telephone or corresponding signal. Keep phone
message brief, use simply phraseology.

In order to faclilitate his ascent, the diver may reduce hls weight
by inflating the dress. In thus lightening himself, he muost be
extremely careful as overinflation may resuit in his belng “blown"
to the surface. (See ch. XVII, Diviog Accldente—"Blow-up.")
The new type of alr regulating escape valve described under chap-
ter IV, Helmet, has contributed considerably to the prevention
of this mccldent. However, the valve may become fouled or some
of Its parts made Inoperative by accident, etc. Further, the diver
cannot handle himself correctly on the descending line If he is
too buoyant.

The rate of the diver's ascent up the llne to the diving stage
should oot be greater than 25 feet per minute. This speed must
be regulated by the surface attendants which requires that the
diver maintaln slight negative buoyancy. If the diver feels
his dress becoming too buoyant and he ls ascendlng too rapldly,



THE ASCENT

be may check his rise by clamping his legs on the descending
line and adjust the Inflatlon of his dress by adjustiog the alr-
regulating escape valve. If the dress Is not fAtted with gloves,
reduction in Inflation of his dress can be rapldly contributed to
by the diver ralsing his arm, which will permit excess alr to escape
at the cufl.

When the diver Is warned by surface attendants that he is
pearing the stage, he shall slow his ascent and keep a sharp
watch for the stage, the gulde being the sliding shackle holding
the decompresalon stage and the descending line together. As soon
as he finds the stage, he shall cllmb upon it and seat himself.
When he has done this, he shall notify the surface, “All right on
the stage” In order that the beglnning of hls proper decompres-
gion at this first stop may be started and timed.

During the time spent at the first and subsequent stops the
diver should see that his lines are clear of the descending line and
stage. In case of fouled lines, he shall report the fact Immediately
to the surface attendants and they shall ald the diver to unfoul
the lipes as much as possible. When fouling of lines is detected
by the attendants, the diver should be apprised of the fact. When
the llnes are clear, the diver shall so notify the attendants, and
the attendants shall confirm the fact by repeating back the mes-
sage, before starting to holist the stage.

During the diver's stay at the varlous stops, he should watch
out for any untoward symptoms as pain, dizziness, ete. If he
experiences any of these, he should notify the surface ut once,
The attendants wlll, after conslderatlon of all the clrcum-
stances, elther lower the stage lmmediately to the flrst decom-
pression stop and caunse the diver to undergo a second decompres-
sion or they will bring him to the surface as quickly as possible
for surface recompreasion.

When the diver Is ascending and is on stage, he should pay close
attention to messages from the surface and in all cases endeavor
to answer clearly those requiring an answer. When word ls re-
ceived from the attendants that the stage Is to be holsted, the
diver should assure himself that his hold on the stage |s secure
before returning the 0. K." signsl to the surface.

The foregoing Instructions are amlso applicable to ascents for
surface decompresslon so far as concerns the diver's ascent to
the stage and procedure on the stage durlng Its subsequent direct
holsting to the surface,

The foregoing instructions for ascents cover procedure in diving
from veasels such as submarine rezcue and salvoge vessels which
are properly fitted with holsting and other diving faclilities in-
cluding a recompression chamber. The lnstructions are equally
applicable to ascents from dives made from motor launches with
regular decompression, except that the stage must be hauled up
by hand Instend of a powered winch. Under such conditions it
is Imposaible to haul the diver to the level of nnd over the gun-
wale of the launch. Accordingly, the stage is hauled up untll the
diver can get aboard the ladder which he mounts untll his waist-
line is abreast the gunwale. The diver Is then secured to the side
with the safety line and helmet face plate opened to ascertaln his
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condition. If no adverse symptoms are evidenced, the diver s
assisted over the gunwale by the attendants who place them-
selves on either slde of his body and lift him by the arm pits
and onder the walst. The diver alds by bending his body forward
from the walstline at approximately 90°. The helmet may be
taken off but the diving dress |8 not removed for at least 20 min-
utes because {f recompreasion |8 needed, It necessarlly must be
accomplished by returning the diver to the water. If symptoms
of compressed-alr lliness do not appear within 20 minutes, the suit
may be removed with reasonable assurance that no serious attack
of “bends" will develop.

In no case shall surface decompression be resorted to In dives
made from diving launches. The efficlency of surface decom.
pression depends upon the Immediate recompression of the diver.
The time reguired to transfer the diver from the scene of the
diving operation and from the diving launch to the deck of an
attendant ghip or to shore where a recompression chamber may
be avallable s too great for surface decompression without ex-
treme hazard. All ascents (eXxcept emergency ascents) from
dives made from diving launches shall be with regular decom-

pression.



CHAPTER XV

DIVING WITH THE HELMET ONLY AND
SHALLOW-WATER DIVING

In the past, it has sometimes been the practice for divers when w
diving In warm waters to dispense with the diving dress, weighted
belt. and shoes and unse the standard diving helmet only. This
method of diving has been commonly known as “helmet” diving
and has usnally been conducted from a boat or platform In the fol-
lowing manner,

The helmet Is secuired to the breastplate of the No. 1 or No.
2 diving outfits and additlonal welghts are secured to the studs
nn the breastplate to prevent the lifting of the helmet off of
the shoulders. A safety valve In the “goosepeck™ conmection
on the helmet is tested and the air hose |s connected. A bight
of the hose Is fixed to the left eye on the front of the breast-
plate by means of a marllne stop, leaving a loop of hose suff-
clently Iarge to permit the passage of the diver's left arm. A
blank eap |8 sceewed onto the telephone comnectlon of the helmet,
The regulating or outlet valve I8 closed completely. The face
plate !a then closed and the helmet {8 lowered Into the water in
an upright position and submerged below the exhaust valve, The
pump is then started and the exhaust valve tested for leaks. The
descending line and weight and the diving ladder are put over the
slde. When ready, the pump i= started or air turned on from
compressed-alr banks, and the helmet is lowered In an upright
position just below the surface. The diver descends on the div-
Ing Indder and ducks his head under and Into the helmet, st the
rame time thrusting his left arm through the loop of alr hose.
When descending he holds down the left edge of the breastplate
with the left hand and with the right-hand grips the descending
line,

For deep diving work, this method of diving Is dangerous.
During the descent, helmet divers experience conslderable dif-
culty In maintalning thelr equilibrium doe to the welght of the
diving helmet and to the buoyancy of the lower part of the
diver's body. Also, In the diving helmets of the No. 1 and No. 2
outfit nsed without the diving dresses, the water level 1s approxi-
mately at the level of n diver's chin, even thongh the exhaust
valve and telephone connections have been mafely capped to pre-
vent leakuge. The diver must, therefore, remnln practically up-
right. The regulating or outlet valve must be alrtight; If there
is a leak equal to the volume of alr supplled, the water will rise
In the helmet to the highest point of opening In the valve and the
diver experiences conalderable diffienlty in keeping his nose clear
of the water. Due to the roar caused by the alr enterlng the
helmet, many divers when using the control valve wlll reduce
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the volume of nir supply to & minimum to diminish the inteosity
of this nolse as much as possible, as it is extremely disturbing
By diminishing the air supply the carbon dloxide content In the
helmet rapidly Increases. Excess carbon dioxide is difficolt Lo
detect. It gradually renders breathing more difficult and canses
a headache, which the average diver wlll attribute to overexer-
tlon rather than to the effecta of excessive carbon dioxide. The
percentage of carbon dioxide may assume such large proportions as
to render the diver unconscious. In this ennditlon, he loses his
equilibrium, his mouth and nose fall under the water In the hel-
met, and he readlly drowns.

1t was also the practice of some divers, In this method of diving,
for the diver, when his work on the bottom was completed, to
throw the helmet from his head, simultaneously draw his left arm
out of the lpop of alr hogse and swim to the surface. This pro-
cedure is commonly known as “ducklng the helmet.” It ls ex-
tremely hazardous, as the rapldity of ascent 18 very likely to re-
sult, If not In “bends,” then in alr embolism, which is more dan-
gerous. Swimming ascents, in “helmet diving,” except in direct
emergency, are absolutely forbidden.

Helmet diving In deep water has no advantage over dlving with
the full sult other than the comfort of the diver In tropleal wa-
ters. Several fatalities have occurred to naval divers as a result
of attempting to dive to depths for which decompression ls re
quired, with the helmet and without the diving sult. Accordingly,
any diving by this method shall be governed strictly by the io-
structions of Navy Department General Order 40 of May 13, 1835
which Is quoted in part as follows:

“Before authorizing helmet diving the officer in charge of the
work will satisfy himself that the speclal clreumstances make this
procedure particularly desirable and that no undue hazard will
be lncurred by the diver. Helmet diving to depths in exciéss of
38 feet will be considered only for experlenced divers who have
been recently engaged In diving. The officer in charge, prior w
the lowerlng of the diver, shall see that the diving alr hose is
looped under the diver's arm and that there s no danger from
this source of accidentally pulling the helmet from his head.
Descents and ascents ghall be mnde on the descending line or
stage. Ascents shall be made with the helmet on and the sir
supply from the surface to the helmet shall be contlnued until
the dlver is on deck and the helmet removed. In all dives In ex-
cess of 38 feet, ascents shall be mode In necordance with the de
compression stages prescribed In the Diving Manual. Ascents
from depths of 36 feet and less may be made up the ascending
line or by stage holsted from the surface at a rate not greater
than 060 feet per minute. Divera should be eautioned not to hold
their breath but to freely vent alr from the lungs during such
ascents,"

If the emergency 18 such as to warrant descent by thls method
to depths requiring decompression, and the descent is so ordered
by the officer in charge, the diver, in addition to having the dlv-
ing hose properly looped under the arm, shall be equipped with a
manila life line secured around his walst. The life line shall not
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be lashed to the alr hose. AN manual slgnals shall be made via
the life line and not by the air hose. If in an emergency the diver
has to be holsted to the surfsce, it shall be by means of the life
line independently of the air hose. Under no conditions shall
the belmet be lashed or otherwise fastened to the wearer's body.

Shallow water diving as covered herein means diving within
the capacity of the shallow water diving pump (Morse No. XV,
or equal) which has been foond to be thirty-six (88 feet). This
depth can be exceeded In the case of experlenced divers, pro-
vlded the nir supply ls adequate and the design of the equlp-
mént permits. As stated In General Order No. 48, this shall
only be dooe by “experienced divers who have been recently
engaged In diving.™

In shallow water diving, the diver's body Is exposed to the
water, which precludes effectlve use of shallow water equipment
in ‘any bot warm waters. This method of diving is especlally
usefal in performing underwater work on propellers, levels of
floating vessels, or for other work In warm waters at shallow
depths. Coverlpg the body with & layer of grease and woolen
underwear wlll somewhat alleviate the effects of cold water,

Shallow water diving can be performed with the shallow
water equipment deseribed in Chapter V, the standard helmet
converted for “helmet” diving, or with shallow water diving
masks. Shallow water diving can be safely performed by non-
qualified divers, to depths less than 38 feet, but they shall be
good swimmers.

The shallow water diving mask has been adopted as standard
equipment for shallow diving within the Navy. This equlpment
and method of use Is described In a manual accompanylng each
outfit. The mask supplled is of the Victor Berge type, manu-
factured by the Ohlo Rubber Co. Other types of shallow water
masks have been designed by the varlous diving activitles and
when they have been approved by competent diving authority
thelr nse Is authorized. These masks permit much more work
to be performed by the divers than the old hood, slnce the divers
van lle down, stand on their heads, etc., which with the former,
the diver was limited as to the position he could assume,

Shallow water diving can, likewise, be satisfactorily performed
with the standard Navy diving helmet converted as described
above, for deep “belmet” diving.

The method of use of the shallow diving helmet ls outlined
in Chapter V, and of the face masks In manuals accompanying
the outfits, All shallow water diving shall follow the precepts
set forth In General Order No. 49 for helmet diving guoted, in
part, above. In additlon to the practlces of good diving pro-
cedure as set forth In this manuval, the following shall be observed :

(1) When uslog the helmet, it shall not be lashed to the
body.
(2) A lifeline shall be used of sultable size (slgnal hal-
llard, or 18 thread manila, Is suggested),

(8) A ponreturn valve shall be used with the face masks,
or the standard helmet. If avallable, they should be used
with the shallow water diving helmet (hood).
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(4) The diver’s air hose ghall be so arranged that a straln
on the hose will not be transmitted direct by the helmet
bhood, or mask. In the case of the mask, It Is strapped W
belt, provided the belt is designed for quick release, In
the case of the helmet or hood, It i looped under the nrm,

(5) The lifeline and air hose shall not be strapped
together. All signals shall be made on the lifeline

(8) Decompression, as indieated in the approved decom
preasion tables, shall always be carried out.

(7) The divers shall be warned that If through acciden
or necesgity the mask, hood, or helmet comes off and they
must surface without it, they must exhale on the way fv
the gurfuace In order to avold alr embolism.



CHAPTER XVI
COMPRESSED AIR ILLNESS

Compressed-air (llpess, often called “calssun disesse™ or Calsson diseass.
“bends,” Is s disease from which divers and other workers In
compressed alr frequently suffer as a result of Inadequate de-
compression. In the case of divers, It s mainly due to a too
sudden reduction In pressure, such as obtalns on & too rapid
ascent to the surface. The disease mrely occurs unless the pres-
sure has exceeded 20 pounds (45 feet of sea water), but may
ocenr after exposure to 45 feet or less If the time on bottom Is
very great, or If the diver has been working exceedingly hard.
The greater the pressure and length of exposure, the more fre-
quent and severe will attacks of the disease result, unless proper
and adequate decompression |8 applled.

The caunse of compressed-alr llness Is due to the excess gas Camse.
which goes Into solutlon In the blood and tissues, belng Hber-
ated In the form of bubbles during or after Inadequate decom-
pression. In normal ale, this gas 18 chlefly oltrogen. In syn-
thetic alr, it may be hellum, hydrogen, or any other Inert gas
osed as a substitute for nltrogen.

The blood passing through the lungs will take up in simple
solution an amount of gas In proportion to the partial pressure
of the gases In the alveolar alr. As long us the helmet ventlla-
tion Is adequate, the partlal pressure of carbon dioxide In the
alveolar air tends to remalr constant. Therefore, with a rise
of atmospheric pressure there |8 no Increase in the amount of
carbon dloxide taken up by the blood during exposure to com-
pressed alr. Even though the alveolar oxygen pressure rises,
the extra amount of oxygen that Is thus taken up by the blood
will be used up by the tissues so that In the tissues and In the
venous blood leaving the tissues, there will be very lttle in-
crease In the partlal pressure of oxygen. Since, however, the
blood passing throogh the lnngs becomes sauturated with nitro-
gen in proportion to the Increased partial pressure of nitrogen
existing In the alveolar air, the tissues and the venous blood
leaving them will become more and mwore saturated with nitro-
ren with each round of circulntion. With a suddenly decreased
pressure (from high to normal) It is evident that at a low pres-
rure the nitrogen In solution will be liberated, and like the gas
in a soda-water bottle, form bubbles; In the case of the diver,
however, they are formed much more slowly, and may rake
some time to Increase In slze sufficlent to cause symptoms. The
formation of these bubbles In compressed-air {llness may be con-
sidered due to the partlal pressure of nitrogen dissolved in the
tissues and blood beilng too much In excess of the external pres-
sure. Bubble formatlon produces local or general blockage of
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the circulation or excess pressure on nerves, with the resultant
distress which In the majority of cases can be alleviated only
by proper recompression and adequate decompreasion.

Symptoms of compressed-air [llness will nsnally come on & few
minutes after an Inadequate decompresslon, a8 a rule in the first
hour. Cases have, however, been known to be delayed 15 hours
or longer before the onset.

Ags compressed-air (llness 1s the result of liberation of nitrogen
bubbles in the varlous tissues of the body, it is evident that
symptoms will depend on the amount of gas liberated and the
pluces of lodgment. The depth of the original dive, the length
of exposure, the rate of ascent, and the method and time of
decompresslon are contributing factors.

The formation of gas bubbles in the small blood vessels of the
skin and the subcuteneous tiasues canses Itching and burning sen-
sations and a mottled skin rash. Thelr formation In the tendons,
fascla, bone, muscles and nerve endings causes mlild symptoms
evidenced by paln In tle muscles, bones, joints, ete, Vertigo
and Menlere's symptoms complex, I. e, deafness, vertigo and
vomiting, nre caunsed by the llberation of gas In the Internal
ear, Embolism and formation of gas bubbles In the spinal cord
cipse paraplegine and its concomitant symptoms. Emboli of
the cerebral vessels cause monopleglae, hemliplegiae, aphaslae,
sensory paralytic symptoms, ete. The most serlous cases are
those presenting signs of asphyxla due to gas bubbles In the lung
capillaries and right slde of the heart. Bince the a&ir being
breathed is already four-fifths nitrogen, these bubbles have no
great tendency to diffuse and mix with the alr in the lung.

In ap apalysis of more than 3,500 cases of compressedalr
illness, the following classification was made:

Perrent
1. Casen showlog pain in the various parts of the body___. 88, 78
2, Cases with paln, also having local manifestations._____ .28
3. Cases with paln and prostration______ e - 1.2%

4. Cases showlng symptoms referable to the central nerv-
ous stystem :
B BRI o e e .11
(b) Splnal cord: .
(1) Sensory dlsturbances, (2) motor dlaturb-
ances, (3) sensory and motor disturbances._. 2,18

5 Cases showlng vertigo (BREECrS) e 533

. Cases showing dyspnea and sense of constriction In
chest —— 1.62

7. Cases showing partial or eomplete unconsclousness_____ .48

Fatal cases, of which there were 20 in number, occurred in
those cases under 3, 4, and 7.

The prevention of compressed-gir illness ls by:

(@) Careful selection of personnel in accordance with the
standards prescribed in Chapter 1I, Physical Qualifications of
Divers,

(b) Careful exsmination of divers prlor to every dive, with
special guestloning as to actlvity for the previous 24 hours to
determine that there Is no history of alcoholism, colds, or constipa-



COMPREBBED AIR ILLNESS

tion, and that his general physical condition gualifies him for
diving.

{c) Restriction of time of dive to come within the optimum
time limits for stage decompression, and the exposure for surface
decompression (as listed Io the tables In ch. XIV, The Ascent).

(d) The use of proper decompression tables for the depth and
time of exposure of the dive. (Ch. XIV, The Ascent.)

{e) Permliting only the minimum tlme on bottom when the
natore of the diving operation demands excessive phyeical
exertion,

i} Avoldance of too rapld ascent to the first stop, i. e, re
stricting It to 25 feet per minute.

Careful compliance with the above rules will materially con-
tribute to the prevention of béends. It must be understood, how-
ever, that there 18 no panacea for this disease. Regardless of
precautions taken, compressed air Illness will occur In an Inci-
dence of 5 percent. The only remedy |s recompression, followed
by adequate decompression, supplemented as necessary by the
substitution of synthetie atmosphere for normal alr for breathing
purposes.

When any symptoms develop which are diagnosed as com-
pressed-alr 1llness, the diver must be Immediately placed In the
recompression chambér and recompressed. The prime require-
ment in treatment |s the rapld restoration of normal blood supply
by compression and absorption of the obstructing gas emboll
The pressure should be ralsed to & level which Is 15 pounds
in excess of the pressure at which definite rellef from the symp-
toms ls afforded, and maintalned at that pressure for 30 minutes.
United Etates Navy experlence has proved that any less recom-
pression pressure will often result in a recurrence of symptoms
during decompression, thus requirlng further recompresslon
with resultant repetitlon of pressure exposure. The promptness
with which pressure ls applled has a deflnite bearing on the
effectiveness of treatment. Every effort should be made to avold
delay. Divers should be Instructed to report any symptoms im-
mediately. Divers should also be required to remsain near the
recompression chamber for 1 hour following the completion of
a dive. Also they should not remove themselves more than 1
bour's travel time for 12 hours following a dive,

Rellef occurs In about 98 percent of casea with less than 75
pounds pressure. If 75 pounds affords none or incomplete relief
{2%), resort should be made to the following procedures, in the
order listed ;

1. Additlonal pressure.

2 Overstay the 30-minute perlod on alr up to 2 hours

3. Bubstitute 40 percent oxygen, 60 percent alr mixture as
breathing medium up to 2% hours at 75 pounds.

4. Substitute 40 percent oxygen, 80 percent hellum mixture as
breathing medinom up to 214 hours at 75 pounds.

If the mixtures Indicated o 3 and 4 are not avallable, resort
must be made to measure 2 although the latter is not the meas-
ure of cholce, as the breathing mixtures are more effieaclous,
and should be used If possible,
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In applying additional pressure beyond 75 pounds, apply In
unita of 15 pounds, belng especially carefnl to note the point of
rellef, so that 15 pounds additional may be added and thls pres-
sure mainteined for 30 minutes. Since above 76 pounds, each 15
pounds decreases the bubble size only about 1 percent, little
benefit {5 obtained beyond 1056 pounds. If additional pressure
is to be of any avail, it I8 usually evident immediately. Lack-
Ing this immediate evidence, return should be effected to the
75-pound level and resort inade to measures 2, 3, or 4.

On alr 75 pounds pressure may be maintained 2 hours or
longer. If any rellef |ls afforde’d by remaining at 75 pounds,
there ls sufficlent warranty for maintainiog this pressure as
long as rellef I8 progresaslve and continuous. The only danger
of A prolonged stay at 756 pounds is oxygen polsconing and this
It a lesser evil than the return of the orlginal or graver symptorns
that will occur If decompresslon is started before relief ls com-
plete, If 75 pounds |8 malntained for more thano 2 hours and
complete rellef occurs, there I8 no point in further risking oxygen
polsoning by delaying the start of decompression 30 minutes from
the time of relief as ls done when rellef oecurs immediately. If
complete rellef I8 not assured, one might cautlously delay G—10
minutes longer to insure complete rellef, provided no symptoms
ot O; roxicity have oceurred. It is useless to prolomg the TG
pounds pressure when relief censes to be progressive or If no
rellef has occurred in 2 hours.

Use of the Indicated mixtures greatly factlitates the treatment
the helilum oxygen belng the more effective of the two, as it
reduces the nitrogen partial pressure more completely. Utlliza-
lion of these mixtures at this point In treatment of usual cases
must not be confused with the use of oxygen to terminate the
average case as will be described later. Either mixture may
speed any relief already evident to completion or may effect
rellef where none has occurred. They should be Immediately
institnted when additional pressure falls and the return to the
75-pound level is made, provided, of course, they are available.

An ordlnary open elrcult mask or Inhalator may be used to
ndminlster the mixtures. As In the case of air, so long as relief
is progresslve the moximum period of 214 hours may be exceeded
nnd likewlse decompression need not be delnyed bevond the time
of complete relief. In both mixtures the oxygen percentage has
been Increased to 40%—a 209 increase over the amount usually
found in air. This fact may Increase the likelthood of O,
poleoning, but It has been shown to be feaslble and safe for 234
hours by o number of tests, Bome Individuals have tolerated
these mixtures for 3 hours at 75 p. 8. |. The benefits derived from
the reduced partial pressure of nltrogen greatly outweligh the risk
of oxygen polsoning, (510 minutes of air breathing at the end
of each 2 hours on either mixture greatly precludes the chance
of oxygen poisoning.)

If additional pressure and use of the mixtures fall to effect
any rellef, or if rellef proceeds to a certain point and then
remalns gtatlonary, It probably is indleative of permanent damage
to some structure caused by the bubble although the latter Is no
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longer present; however, It requires prodent medlcal judgment
to determine this fact.

In the ordinary case that has been relleved by less than 75
pounis pressure it ia only necessary to provide adequate Jdecom-
pression to complete the treatment, after malntalning the pressure
for 30 minutes.

Decompression sball be conduocted In accordance with the
following treatment tables

Air trealment lable
[Fig. 1]

Recompression 140 | 130|120 | 10G{W0) 90 | B0 | 70 | 807 S0 | 40 | 30 | 20 | 10
op o— Fe. e M. | R R R fe | R | R R | R | R | R )M
cafemsafenacfec et M |42 | B2 | 88
oo H2 130 |35 | 42 | 52| 6B
Jocealioseescs] T2 IM | WiW|25 (42|83 8B
cwreforefenee] 13|18 | 19 | 23 | 4 |28 |30 |25 (42| 32| &8
E 4 04| 18|18 18|10 (22| M ||| 42|82 68

NoTeE~—The mte of ascont between stops (reduction of pressure between stops)
should not exceed 25 feel per minute, oot

The particular table to be used depends npon the recompression
pressure used, and not upon the depth of the orlginal dive from
which the compressed-nir [llness results.

The recompression pressures, column 1 of the above table, in-
crease In Increments of 50 feet. There will probably be many
cases where the 15-pound excess pressure over the pressure which
brings definite relief will fall between two of the prescribed
decompression stops and perlods. For example, If rellef occurs
at 130 feet, the additional 15 pounds pressure would make a total
pressure equivelent to 163 feet. As this pressure is greater than
150 feet, the decompression prescribed for 160 feet in the table
would probably prove Inadequate, and the decompression pre-
scribed for 200 feet should be used. In other words, where the
recompression preasure nsed falls between any two recompression
pressures listed io the table, decompression prescribed for the
higher pressure should be used.

It will be noted that the 200-foot table required about § hours
for completion on air. This time can be materially decreased by
Institoting 1005, oxygen breathing for a perliod of 80 minutes, be
glnning at the 80-foot level. Results in a considerable number of
cases seem (0 Indicate that In addition to the time saving there
Is 2 more complete removal of the excess nitrogen resulting in
more permanent cures. There Is little danger of toxic oxygen
effects aa the time and percentage are well within the safe limits
(216 ATM. for 214 hours). The oxygen mask Is donned when
the 60-fot level is reached and continued for 80 minutes. Usually
the air decompression schedule proceeds on time during the 80-
minute period. For example If the 150-foot table is used, oxygen
breathlng Is started as soon as the 60-foot level Is reached. After
22 minutes of O, breathing the pressure can be lowered to the
50-foot level ; and after 30 more minutes to the 40-foot level: 35
minutes more completes the 40-foot stop and the pressure can be
lowered to 30 feet. At the end of thls time oxygen has been
bresthed for 87 minutes, thus after 3 minutes at the 30-foot level

150024—43——13
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the oxygen breathing peried Is completed, and the prmui'e can
be slowly lowered to surface level. This ascent to the surface
with the oxygen breathing contlnued ls made slowly, reguoiring
about 15 minutes from whatever depth the oxygen breathing
period terminates, There ls some experimental evidence to indl-
cate that more nitrogen 1s eliminated If most of the oxygen breath-
ing 18 accomplished at the 50-foot level. Also In actual treat-
ment, equal or better results are obtalned if the oxygen is instl-
tuted at the 60-foot level and when the proper time has elapsed
the pressure Is lowered to the 50-foot level and the remainder of
the oxygen breathing carried out bhere. In the case of the 150
foot table 22 minutes I spent on oxygen at 60 feet and 68 minutes
at 50 feet. As In the above case 156 minutes I8 consumed in pro-
ceeding from B0 feet to the surface with the (s mask in place

In unusual cases such &s those where additlonal pressure or the
breathing mixtures are reqguired to obtain relief, completion of
the treatment by adequate decompression ls somewhat different
from the decompression of the average case described In the
preceding paragraph.

To complete the treatment in unusual cases where the first
named procedure has been used (I, e, additional pressure),
adequate decompression 1s accomplished by redocing the pressure
1 1b. per minute until the level of the first stop (140 feet) is
reached on the 300-foot table. Although a minlmum of only
105 pounds, (Z38 feet) may have been used to secure rellef,
this longer table (300) plua the slow ascent provide a further
margin of gafety. The remainder of the decompression is com-
pleted on the 300-foot table until the 30-foot level la reached.
After reaching 30-foot the diver Is made as comfortable as pos-
slble by bedding, food, coffee, ventilation of chamber, etc. 30
feet pressure s maintained 12 24 hours. This practice of pro-
longed Immersion in compressed alr, collogulally termed “the
overnight soak,” has proved to be the conclusive method of
terminating treatment. The patlent Is permitted to sleep and
the bubbles have adequate tlme for absorption. Completion of
decompressjon after 12-24 hours have elapsed can be made on
the remainder of the 300-foot table, (62 minutes at 20 feet, 68
minutes at 10 feet).

In instances where the breathing mixtures are used to obtain
rellef, the decompression !s accomplished in the same manner
na described for additlonal pressure, except that the breathing
mixture should not be discontinued uontil the 30-foot level s
reached. Again, 30 feet pressure on air I|s meaiotalned 12-24
hours and the remainder of the 800-foot lable used to galn the
gurface after the 12-24 hour perlod.

8o far, In dlscussing the alternative methods advocated for use
when the usual methods fall, it has been assumed that complete
relief will eventually oecur or the remalning symptoms will be
adjudged due to permanent damage. Some provislon must be
made for the instance where partial rellef occors and reaches &
gtationary poinot. In this case, whether or not the remalning
symptoms are thought to be due to permanent damage, descent
is made at a rate of 1 pound per minute to the lowest level
above 30 feet where symptoms are endurable. Here the pres-
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suré may be maintalned 2448 hours. If no change oeccurs In
this period, symptoms are definitely due to permanent damage,
and It is useless to contlnue the stay under pressure. Surfacing
s accomplished on the last 2 stops of 300-foot table. Naturally,
if complete rellef Intervenes in the 12-48 hour period, the diver
may be surfaced on the remainder of the 300-foot table, whenever
complete rellef {8 apparent.

In addition to the speclal treatment so far discussed there are
a few other types of cases that require special mention. These
are the cases where unconsclousness, paralysls, or marked
asphyxia are the symptoms. Although these cases may yleld
completely to less than 75 pounds pressure, It Is probably wiser
to proceed immediately to 75 pounds only, noting the approximate
point of rellef, to Insure that 75 pounds 18 15 pounds greater than
the point of rellef. If for example relief did not occur untll 65
pounds, sufficlent pressure should be added to secure 15 pounds
beyond the polnt of rellef. (85 plus 15 eguals 80 pounds.) Thirty
minutes malntenance of this pressure from the time of complete
relief is considered sufficlent. Decompression follows that pre-
viously outlined. Ascent to the first stop on the 300 foot table
(140 feet) belng made at the rate of 1 pound per minute. The
300-foot table schedule 1s maintained untll the 30-foot level ls
reached and thls latter pressure (30 feet) ls contioued 12-24
hours. Asceat to surface on remainder of 300-foot table.

In rare Instances an average case of bends may appear to be
succeasfully treated by the vsual procedures, but with the lapse
of 1-4 hours there ls a return of the same or additlonal symp-
toms, In thils Instance pressure must be given to the polnt of
rellef plns 15 pounds and maintained for 30 minutes. Decom-
pression on the appropriate table is carrled out until the 80-foot
level {8 galned. Malntenance of 30-foot of pressure for 12-24
hours will usually effect a permanent cure. Surface pressure ls
attaloed on the last two stops of the 300-foot table.

In case of “blow-up” or accidental rapld ascent, or any other
circumstances requiring the diver to be brought Immediately to
the surface, even though no symptoma of compressed-alr iliness
have developed, the diver should be immedlately recompressed.
If a recompression chamber is avallable, he should be Immediately
placed In it, first removing his helmet, weighted belt and shoes.
The diving dress can be removed while In the chamber, and while
the pressure Is bullding up. If there are no symptoms, the pres-
sure should be ralsed to 75 pounds, and he should be kept at this
pressure for 30 minutes, and then decompressed In accordance
with the tremtmeut tables In this chapter, If symptoms do de-
velop, the pressure should be raised to 15 pounds In excess of the
pressure at which definite rellef is obtalped, or a minlmum of
100 feet, and held 30 minutes and decompressed In accordance
with the treatment tables. If a recompression chamber i{s not
available, the diver should be hurried over to the descending
live, and his valves adjusted by a tender. The diver is lowered
to the bottom and kept for 30 minutes. At the end of this time
the diver Is surfaced on the treatment tahles mccording to the
depth, 1. e, If diver Is sent back to the bottom after a blow-up
in TO feet of water, use 100-foot table, figure 1. If bottom is 120
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feet, use 150-foot table, ete. If bottom pressure does not effect
rellef, the only altérnative ig to keep diver on bottom &s long a8
rellef Is progressive, or up to 2 hours with no rellef, unless
there is some provision for using the oxygen-alr or oxygen-hellum
mixtures, In which case they are used as heretofore described,
except that they would have to be fed through the diver's alr lloe.
If the diver ia unconscious, or his condition Is such that he
cannot make hils own descent, his valves should be adjusted by
another diver as be 18 lowered to the bottom.
In summary, the procedures discussed are s follows:
I. The average case (08%):
() Immediate recompression to point of relief —Minimum
100 feet,
(b) Addition of 15 pounds excess,
(¢) Maintain pressure 30 minutes.
(d) Adequate decompresslon on basis of recompression
pressure used. (a plus b) Alr Tables,
{e} Institute Oy at 80 feet and breathe 90 minutes.
{(f) Either allow decompression to proceed on scheduole
or complete Oy at 50 feet
(g) Blow ascent (15 mloutes to surface)—O, breathing
continued.
I1. Alternate measures |f 75 pounds proves partially or moo-
effectlve,
{a) Additlonal pressure:
1. Maximum 105 pounds.
2. Additional 15 pounds excess to relief pressure and main-
tain 30 minotes.
8. Ascept 1 pound per minute to first stop (140 feet) on
300 foot table,
4. Decompression on 300 foot table to 30 feet.
5. 12-24 hours “soak” at 30 feet,
6. J|urfuce on remalnder 300 foot table.
7. If additional pressure fails, return to 756 pounds and—
(b) 1. Malntaln 75 pounds maximam 2 hours without
rellet or as long a3 relief I8 contlnuous, If mixtares In (¢) are
not avallable.
2. With complete or statlonary partial rellef ascent 1
pound per minute to 140 feet
3. Decompression on 300 foot table to lowest endurable
level above 30 feet.
4, Maintaln endurable level 12-48 hours.
5. Burface on remuainder 300 fuot table
(e) If available use instead of (B):
1. 409, O—40% alr.
2, 407, O—605% hellum (better).
3. Maintain 2%% hours with no relief or as long as rellef
is continuous.
4. With complete, none, or statlonury partial relief, decom-
presslon 1 pound per minute to 140 feet.
5. 300-foot table to 30 feet or lowest comfortable level
above 30 feet. Keep mask on during ascent.
8. 12-48 hours soak.
7. Surface on 300 foot table,
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I11. For uncw sclousness, paralysis or marked asphyxia.

1. Immedlite recompression to 76 pounds or more to 15
pounds excess point of rellef.

2 Maintain 30 minutes,

3. Decompression us In I1 (a) (B) (e).

4, Use alternates II (a) (b) (o) If necessary.

1V. Recurrences:

1. Immediate recompression to polnt of relief plus 15
pounds.

2 Maintaln 30 minutes.

3 Decompress on appropriate table to 30 feet—(figure 1).

4. 12-24 hours soak at 80 feet.

5. Burface on remalnder of table (20 and 10 feet stops).

¥. Blow-upe.

{a) Without symploms:

1. Immediate recompression to 75 pounds, maiotain 30
minutes,

2, Decompress on appropriate table {(Agure 1).

3. 0y decompression from &) feet (80 minutes),

4. Blow sscent (15 mlinutes) to surface,

() With symptoma;

1. Immediate recompression to polot of rellef plus 15
pounds,

2, Malotain 30 mlnutes

3. Decompression on appropriate table (figure 1),

4 Institate O, at 80 feet. (D0 minutes),

5. 8Slow ascent to surface (10 minutes),

(e} I no chamber avallable:

1. Without symplomas:

1. Bet valves

2. Return to bottom, stay 30 minutes. (Do not exceed
185 feet.)

3. Decompress on appropriate table (fAgure 1).

2. With symptomas:

1. Set valves—return to bottom for 30 minutes. (Do
not exceed 185 feet. )

2. It complete rellef, decompress on proper table
(figure 1).

3. If no rellef at bottom pressure, stay up to 2 hours,
decompress approximately 1 pound per minute to lowest
comfortable level above 30 feet and keep as long as
posalble. Burface on remalnder of 300-foot table (20- and
10-foot stops).

4. It partial relief at bottom pressure—stay as long as
relief is progressive. Decompress approximately 1 pound
per minute to lowest endurable level about 30 feet and
maintaln as long as possible. Surface on rest of 300-foot
table (20 and 10 foot stops).

Adjuncts In treatment are the judiclous injection of glucose and
Baline solutions, or plasma In the severely Injured patients in
order to counteract the effect of hemoconcentration. The use of
adrenaline and the application of warmth are additional
measures if the shock syndrome ls present,
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The position of the patient's body should be recumbent since
the site of bubble accumulation Is influenced by gravity.

At the present time, submarine rescue vessels, some of the sub-
marine tenders, and the Naval Torpedo Station, Keyport, Wash.,
the Submarine Base, New London, Conn., the Submarine Base,
Pearl Harbor, and others are provided with standard decom-
pression chembers such as shown and described In chapter XIX.

Where decompression chambers are avallable, they and their
supplementary equipment listed below should be tested dally,
eapeclally if diving operations are in progress, Within the cham-
ber should be the following equipment:

(a) A Navy type Inhnlator, fitted with proper facepiece, with
hose line to oxygen connectlon Iln the chamber.

(b) A standard oxygen cylinder charged with pure oxygen for
breathing purposes for Installation outzlde of the chamber with
necegsary piping to the exterlor oxygen connection on the
recompression chamber.

(c) Necessary charged hellom and oxygen cylinders, and sup-
plementary plping and arrangements, for administering oxygen-
helium mixtures (o the diver through the oxygen ilohalator re-
ferred to nbove.

(€) A small mattress and blankets,

(e} A contalner for hot water and towels for use in hot appli-
cntions.

(f) A sterlle syringe and needles and a fresh bottle of 1-1,000
adrenalin, a stethoscope, a blood-pressure apparatus, and a stop
watch.

(g) A copy of decompresslon and treatment tables.

(k) A casslon gage In the man and medical locks of the
chamber.

The equipment listed under item (f) is usually avallable in
the Medical Department aboard ship. It need not actually be
stowed or maintained in the chamber, but should be made avall-
able o the chamber prior to the entrance of the patient.



CHAPTER XVII
DIVING ACCIDENTS

Agcidents which may oceur durlng diving operations are ligted Aecidents.
alphabetically as follows:
{a) Alr embolism,
{b) Asphyxia.
{0) Bleeding from nose and lungs.
{d) Blowing up.
{&) Compressed-alr lllness (Calsson disease).
{f)} Drowning.
{g) Ear palpas (bleeding from the ears).
(A) Exhaustion.
(i) Fouling.
(§) Mechanical injurles from external violence.
(k) Oxygen polsoning,
() Squeese

Note In accldents occurring In deep water, It most be re-
membered that while the diver can be brought up Immedlately
to the first stop or stage of decompresslon, he cannot be brought
immediately to the surface without danger of serlous compressed-
air {lilness unless a recompression chamber ls available, and the
depth and time of exposure are not greater than those prescribed
as safe for surface decompression. (See Ch. XIV.)

The term “alr embollsm” as used In this conpection refers t0  Air embolism.
the entrance of air bubbles Into the left slde of the heart and the
general clirculation as a result of air belng forced into the small
blood vessels of the lungs due to a sudden excess of alr pressura
In the lung space as compared to the alr preSsure In the surround-
ing medinm. The excess pressure in the body which can be
withstood by the average Individual over the pressure of the sur-
roundlng medinm is only about 1% pound per square Inch. Such
preasures can be rapidly and greatly exceeded by a too fast aacent
in water or too rapld a reductlon of alr pressure in the recom-
pression chamber, or by inadvertently “holding the breath” while
pressure is belng reduced. Under such conditions the reduc-
tion In the Internal pressure In the body by even forced expira-
tion is less than the decreasing pressures of the surrounding
medium. It is primarlly for this reason that in Navy diving
work rapid ascents up the descending line, or by stage or in
helmet diving, “duocking” the helmet and swimming to the sur-
face are prohibited. Internal pressures in excess of the pressure
of the surrounding water are dangerous. Only a slight excess
over 8 pounds per square Inch may rupture the lung ecapillaries
while higher pressures may result ln uncomselousness and paralysis
and possibly death.
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Asphyxia or suffocation of the dlver may ocenr due to: (1)
deficlency of oxygen doe to bad alr supply or stoppage of alr
supply, (2) Increase of carbon dioxide due to Improper ventila-
tion of the helmet or to carbon dloxide and carbon monoxide in
the diving alr as & result of flashing In alr compressor cylinders
of lubricating oil, etc., and (8) pressure on the diver's chest from
improper inflation of the suit interfering with the diver'a resplira-
tion. Oxygen deficlency will seldom occur unless there 18 a
complete stoppage of the alr supply caused by failure of the
pump or break In the air line. Oxygen deficlency seldom evi-
dences [teelf by warning symptoms before noconsclousness occurs.

Carbon dioxide (CO.) and carbon monexide (CO), from oil
flashing in compressor or pump ecylinders, will rarely be en-

- countered, especlally if precautions are observed In using good oil

of high fiashing point for lubrication. Carbom dioxide excess
In the diver's air will usually be doe to Inadequate ventilation
of the helmet. Suoch excess of C0O, I8 readily recognized by sweat-
Ing of the faceplate and the subjective symptoms of increased
respiration, sweating, headache, and a general feeling of dis-
comfort. These symptoma occur long before unconsclousness, and
death does not follow for some time. In case'of & short or bad
alr supply, the diver should remain perfectly qulet, operate his
regulating exhaust valve, inflate his sult and be prepared to
ascend. The tenderas should be able to detect Inadequate venti-
lation of the diver's helmet by the decrease In the number of alr
bubbles coming to the surface and the decreased audibillty, over
the telephone, of the diver's air escaping from the helmet through
the air-regulating exhaunst valve. Speclal consideration should be
given to the possibllity of the diver belng In distress from these
gymptoms If he ceases to answer his telephone or signal after
calllng for more alr.

Agphyxia from squeeze |8 caused by improper Inflation of the
diving dress. This occurs, except In a case of an accldent, only
to Inexperlenced divers who are not using a sufficlent amount of
air to prevent the diving dress from squeezsing their chests so as
to prevent adeguate movement. Divers should learn to remedy
this fault long before they are allowed to dive to any appreclable
depth. ’

If asphyxia is suspected by the tender, the diver shomid be
started immediately toward the surface. If the depth and time
of exposure are not greater thun those prescribed for Sorface
Decompreszslon (ch. XIV), he may be brooght directly to the
surface (at & rate not In excess of 25 feet per minute) end placed
in the recompression chamber. If not within such limits, the
diver should be brought to the first stop governing stage de-
compression for the depth of the dive and further atiempts made
to communicate with him. If there Is still no response, the diver
should then be brought to the surface (at a rate not In excess
of 25 feet per minute) regardless of the depth and time of
exposure, placed in the recompression chamber and be recom-
pressed immediately and then decompressed. In mild cases of
asphyxla this is all that {8 necessary but in cases where uncon-
sclousness has occurred, artifielal respiration (see Drowning)
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must be resorted to. All treatment should be carrled out in the
recompression chamber during recompression and decompreasion.

The condition of a man suffering from asphyxia ls usually
indieated by the following symptoms :

{e) Resplration entirely absent or as an oceaslonal gasp.

{b) Muscles limp or rigldly contracted.

(e} Face blue or deep red,

{d) Eyes, as a rule, bloodshot.

{e) Rapld or Irregular pulse or both.

{f) Body cold and clammy.

It must be remembered that the main treatment of asphyxia
is the restoratlon of an adequate supply of fresh alr. If a re-
compreasion chamber 18 not available, supply the diver with alr
from natural sources, |. e, open the helmet face plate as soon
as he surfaces, nnd remove the helmet and suit as quickly as
possible, cutting the latter off If necessary. Administration of
oxygen will hasten recovery. If the diver is unconscious, lay him
on deck and use artlficlal respiration along with the administra-
tion of oxygen. The latter may be accomplished with an inha-
lator or with the Navy standard oxygen rescue breathing appa-
ratus which is furnished with adaptors for this purpose to most
vegsels, On recovery from asphyxis, the diver should be closely
observed for occurrence of “bends” On occurrence of the alight-
est symptoms, he should be sent down again in company with
another diver for recompression and decompresajon.

Bleeding from the nose is usually caused by too strenuous
efforts to clear the ears.

Bleeding from the lungs Is usually caused by the effects of a
“squeeze” or from rupture of the lung tlssue Incldent to ale
embolism. It can, however, occur also as the result of great
respiratory efforts when the dress [s unusually flat, the alr supply
belng deficlent. Treatment |s the same as for “squeeze.”

Accidental “blowing up” may be Injurious In various ways, as:

(a) From any depths In excess of 7 feet (depth of water
above diver's helmet when standing erect), air embolism may
result. This Is caused by a too rapld ascent in which the diver
is unable to exhaust the alr in his body in ratio with the decreas-
ing external pressures, As the average persom can withstand
internal pressures of only about 3 pounds per square luch without
Injary to the delicate lung cells and body tissues, rapld ascents
from even very shallow depthe are dangerous.

(t) From any depthe in excess of 838 feet, an attack of com-
pressed-alr lliness may result.

{0} From any depth mechanical Injury may result from strik-
Ing some object such as the ship's slde, ete,

(d) From the possible fall back into deep water with resultlng
“squeeze.”

Blowing up s caused by over-Inflatlon of the dress, by too
sirong & pull by the tenders, or by the drag of the tlde causing
the diver to lose his hold on the descending llue and thus belng
swepl to the surface,

If a recompression chamber is avallable, the diver should be
brought aboard as quickly as possible, placed in the chamber,
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und the pressure raised to 156 pounds greater than the pressure
at which his symptoms are relleved. He should be bheld at this
depth 5 minntes and then decompressed on the regular treat-
ment schedule. In the event of a diver blowlng up, recom-
pression and decompression must of course be Instituted even
though no symptoms are present, in which case he I8 to be re-
compressed to 75 pounds and decompressed on the regular treat-
ment schedule. If there are symptoms, be ghould be taken down
to a pressure of 15 pounds over that at which rellef of symptoms
Is obtained.

If no recompression chamber 18 available, his valves should be
regulated for him untll he can handle them aod he should then
be lowered as rapldly as possible (without subjecting bim to &
Bqueeze) to the depth at which he was working. He should be
held at this depth 30 mioutes and then decompressed on the
longest decompressiom table listed for that depth.

A diver who has been “blown up" should pever exhaust air
from his helmet or dress while on the gurface until he is certain
his tenders have secured hold of his lines aod taken in all slack
and he Ia protected from a fall.

Compressed-air {lloess {8 the most frequent accident en-
countered durlng diving operations and ls fully discossed In
chapter XVL

There are two cases on record of drowning In diving dress
in which the helmet became detached from the breastplate. This
accldent cannot happen If the safety catch at the back of &
helmet is properly turned down and the stop gap closed and
pinned. Even though the dress iz ruptured, water cannot enter
the helmet as long as the alr pressure within the helmet ia
malntalned and the diver remains in the erect position. By
glmply closing the exhaust valve, air Is forced down Into the
dress and will escape at the side of the rent. In case the dress
becomes too full of water, It may be necessary to slip the welghted
belt to facilitate ascent. 5

In case of apparent drowning the water should be allowed to
draln from the mouth and trachea by lifting the diver with the
hands under the abdomen so that hig head haogs downward,
Then artificlal respiration should be applied as soon as possible.
The Schaeffer prone pressure method of artificial respiration
is the method of cholee and should be conducted as follows :

{1) Waste no time. Lay the victim on his belly, with one
arm extended overhead, the other bent at the elbow; face turned
to the side and resting on the forearm so that the mouth and nose
are free for breathing. Kneel, straddling the patlent's hips,
with your knees juat below his hip bones. FPlace your hands
on the small of his back. Fingers extended over the lower riba.
Little finger over the last rib. Finger tipe just out of your sight
on the sides of the chest, (See pl. BT.)

{2) PFirst movement.—Make preasure while deliberately count-
Ing—ome, two, three—as follows:

With arms stralght, bring your welght to bear upon the pa-
tient gradually and heavily but not violently. Swing forward
slowly. This movement should take three seconds. (See pl, BS.)
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(3) Becond wmovementi—Release the pressure suddenly by
swinging back quickly to the position shown In pl. BO. Rest
while deliberately counting, one, two.

Repeat these movements from 12 to 15 times a minute; pres-
sure, 3 seconds ; rest, 2 seconds ; complete resplration, 5 seconds—
never less than 4 seconda,

{4) Continpe artificlal respiration without Ioterruption for
4 hours unless breathlng Is restored, or until a medical officer has
declared forther efforts futile. If natural breathing stops after
temporary restoration, resume artificial resplration at once.

(5) Watch carefully for signe Indicating the return of natural
breathing. Do not block feeble respiratory efforts. Time your
movements so that pressure |8 exerted only while the patient ls
breathing out. Relemse pressure Instantly when he begins to
breathe in.

(8) Keep the patlent warm., Give him fresh alr. Without
interrupting resuscitatlon movements, have some one else loosen
his clothing about the neck, chest, and walst.

(T) Have some one hold the tongue out if It draws back. If
necessary, run a safety pin through the tongue (n order to bold It
The small puncture wound thus caused will Injure the tongue
less than clamps or forceps which squeeze and crush It. The
tongue is more llkely to cause trouble In drowning cases than In
other forms of asphyxia.

(8) Do not attempt to glve any liquid by mouth. Ammonia
may be placed near the patient’s nose after determining how
close It may be brought to somebody else's nose without causlng
Irritation. Do not let bystanders shut off fresh air,

(9) Bome one should emartly tap the patlent's shoe heels with
a stick or hatchet handle 15 or 20 times every 5 minutes until
resplration has been restored.

(10) If the patlent revives, do oot allow him to get up or to
be ralsed for any purpose. Keep him prone untll a medical officer
arrives.

(11) The prone-pressure method of artificial respiration ghould
be applied by one who has practiced on a voluntary subject,

If the diver was apparently drowned at depths requiring de-
compression, he should be placed In the recompression chamber
and the pressure bullt up to that at which he was working.
Artificlal respiration ghould them be glven at that depth and
decompression carrled out for the longest table llated for that
depth,

Get wet clothes off the patlent and wrap him In blankets as
soon as poasible and keep him warm.

Ear palns are caused by Inequalities of pressure on elther
slde of the ear drum. Paln Is usually experlenced while pres-
sure 1s being bullt up and is due to failure of the Eustachlan
tubes to allow alr to flow through to the middle ear; thus caus-
ing an undue pressure on the outer slde of the ear drum. This
fallure to equalize properly may be duoe to Inexperience on the
part of the diver, but usually is due to the Inflammation and
swelling around the tube associated with a head cold or sore
throat.

Ear pains.
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FraTe B7.—Schnefer prone pressure method of artifeinl resplentfon.
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Pressure niay be sufficlent to cause rupture of the drum with
bleeding from the ear, or by nose bleed as & result of too strenu-
ons effort to clear the ears. If this occurs or If the pain has been
severe, the diver shall report to the medical officer for examination.

Exhaunstlon occurs when working under compressed alr much
more readily than when working at atmospheric pressure and
due allowance for this should be made in planning the work the
diver Ia to do.

Fouling Is caused by the diver's lines and hose becoming en-
tangled with some obstruction under water which prevents him
from ascending. It usually requires the services of another
diver to clear the one fouled. If his lines are fonled with the
descending line, It may be necessary to haul up the descending
line with the diver. Great care must be exerclsed In bringing
both the diver and the descending line up &t the same rate. Divers
should be warned of the dangers from fouling. When a diver
has become fouled and unable to ascend, death has resulted from
shock and exhaustion. Also, prolonged exposure at deep depths
predispose to development of poenmonia.

There are many varietles of mechanical injurles from external
violence and they call for no special comment. The diver should
be brought to the surface as soon as deemed safe, first ald applled
an Indicated, and the medical officer notified.

Normal atmosphere consists of approxlmately 20 percent
oxygen and 80 percent oltrogen by volume. Hence at atmos-
pherle pressure, the oxygen in normal alr exerts % of an at-
mosphere pressure. Normal alr at 10 atmospheres pressure,
therefore, would exert 2 atmospheres oxygen pressure. Likewlse,
normal air at 15 and 20 atinospheres pressure would exert 8 and 4
atmospheres oxygen pressure, respectively.

Oxygen pressures up to 100 percent (pure oxygen At atmos-
pheric pressure) are relatively harmless, Oxygen Is toxie at
the higher pressures. It has been found that even at atmospheric
pressure, healthly men between the mge of 20 and 40 years are
gble to breathe 80 percent oxygen for perlods not in excess of
7 hours. At certaln Increased pressures and on prolonged breath.
ing of it at atmospheric pressure, oxygen is irritating to the lungs,
producing “wet lung” and a form of pnenmonin. At a pressure
of 4 atmospheres severe convulsive selzures are observed after
about 456 minutes of pure oxygen inhalatlon. The first indications
of toxic effect mre flushing of the face, nausen, and a sense of
excltement or {rritabllity. Contraction of the visual flelds, blind-
uess, unconsclousness, and convulzions ensue when pure oxygen
under 2 or more atmospheres {8 breathed for a long enough time.

There |8 some evidence to Indicate that slight Inerenses of carbon
dioxide such as may be present as an Impurity In the air or oxygen
supply or from fallure of removal of exhaled CO, rapidly enough
from the diving dress or excess of CO: due to overexertlon on the
part of the diver increase the likellhood of “oxygen polsoning.”

The maximuom pressures and the time with which pure oxygen
may be breathed at such pressures without detriment s not
definitely known and written anthority on this point i8 not only
conflicting but at variance with the Navy's findings on the sub-
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Ject. Extensive animal and human experimental work by the
Experimental Diving Unit has defloitely indicated that 2.5 at-
mospheres (250 percent) of oxygen can be breathed without detri-
ment for a peried of 1'% hours with 3 hours as a possible max-
imom 1limit. Considerable experimental work remalns to be
done to determine definitely the maxXlmum tlme oxygen at lower
and higher pressures than 2.5 atmospheres may be breathed
without harm. Untll such findings have been concluded, It Is
safe to accept the consensus of existing authority that the breath-
log of pure oxygen of from 300 to 400 percent or above, depend-
Ing on the time breathed, may cause [rritation of the lungs,
produce congestion, exudation, hemorrhage, and pneumonls with
the possibllity of convulzions and death; also that the breathing
of pure oxygen between 100 and 300 percent when breathed for
periods of time over 6 hours may cause pulmonary Involvement
sufficient In extreme cases to cause death without the cccurrence
of convulslons. It should be remembered, however, that when
Introducing oxygen in any breathlng system, that system loitlally
contalns B0 percent nltrogen by volume, and that the oxygen
Introduced is dlluted accordingly.

Squeeze is usupally the result of an accidental fall. This has
already been explained under the following:

() A diver descendlng ahead of his alr supply, | e, de
scending before the pressure within the dress Is equal to the
water pressure without.

{3) Huptured hose and a leaky safety valve.

(¢) Ruptured cuff of the dress end the diver raising his arm
a8 when trylng to reach the air regulating exhaust valve.
Squeeze In this case Is slight, but enough to interfere with
resplration.

In eases of slight squeeze, the diving dress Is flat and thos In-
cregsed pressure is exerted on the chest because the air within the
alr passages is at a relatively lower pressure than the pressure
without. The diver thus is forced to breathe agalnst this extra
pressure, The lungs only work comfortably when the external
and internal lung pressure s approximately the same. A small
additlonal external pressure materially increases the labor of
breathing and respiratory embarrassment results {on a short
while. Often a diver struggling up his descending line (buoyancy
negative) under these condlitions may bleed considerably from
the lungs and nose. Hemorrhage, In this case, {8 usually due to
the rupture of amall lupg capillaries.

The Injury Is usually serlous, and as such demands the Imme-
dlate asslstance of a medlenal officer. Get the diver to the sur-
face as soon 88 Is deemed safe (see Ch. X1V, The Ascent), re-
move the dress as gently as possible, and keeping the patient In
the recumbent position, place him in the recompression chamber
at once. Halse the pressure glowly until he shows slgns of lm-
provement or recovers consclousness. He ghould be given oxygen
to breathe at pressure of 30 pounds or less. As patient will
usually be unconsclous and bleeding profusely from nose and
mouth, he should be kept quiet and warm, and given stimulants
together with other pallintive treatment as may be necessary.
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Bqueeze can cause almost lmmediate death and extreme cases
have been kpoown where the diver has been molded Into the
helmet, so that It was practically lmpossible to remove It. Be-
cause of the serlousness of this accident, tenders must always
observe the utmost caution to protect the diver from falling.
The life line and alr hose should never be permitted to =lip
throngh the hands by the run. If for any reason the diver finds
himself In danger of falllng, he should slgnal for more air, or
vpen wide his alr-econtrol walve, throttle the regulating escape
valve, and notify the surface to “Hold on." The moment the
danger Is over, reregulate the alr to prevent “blowing up.”

Nore--The effects of squeeze are much more serious than
those of “blowing up.” Avold both, but If It is a matter of two
evils, choose the latter.
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CHAPTER XVIII

DEEPER DIVING BY USE OF OXYGEN-HELIUM
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MIXTURES
SECTION L HISTORY

The Navy has contlnually sought new ways and means of
vnabling dlvers to descend to deeper depths with safety. As far
bnck as 1921, It was suggested that the replacement of nitrogen
in the normal air sapplied to divers with a lighter gas might
achieve this objective. In 18256 the Bureau of Construction and
Repalr began an Investigation of mixing heliom with oxygen as
a synthetic alr supply for divers, since hellum {8 an inert, non-
toxle, and nonexplosive gas. By varylng the oxygen content of
the mixtures, it was thought that greater depths could be obtained
without oxygen polsoning. It was also thought that, alnee heliom
is more diffusable than nitrogen and less soluble in the body tissues,
its use would reduce the possibility of the diver to contract bends
and permit the employment of shorter decompresslons.

Except for perlods which had to be devoted to other important
developments, these experiments with oxygen-hellum mixtures
have been carrled on by the Burean of Construction and BRepalr
from 1925 to 1840 nnd by the Buoreau of Ships from 1840 to the
present time at the Experimental Diving Unit, Navy ¥Yard, Wash-
ington, D. C. Contrary to previous expectations, the use of
oxygen-hellum mixtures does not permit material reductions in de-
compression time but does perm!t deeper diving and the perform-
ance of work at such depths with reasonable safety. Blmulated
depths of 600 feet In diving water tanks and 440 feet In the open
sed have been attalped by divers using oxygen-helium mixtures
as alr supply. Oxygen-helium mixtores were used almost entlrely
by the divers in the salvage of the U. 8, 8. Squalys which sunk In
about 240 feet of water.

Durlng the years of experimentation with the use of these
oxygen-hellum mixtures, a great many tests have been made.
Most of the results have conformed with preconceived theories
S8ome have been contrary to certain recognized principles of de-
compression and Introduce a field for further Investigation. In
general, as a result of this work It can be stated that:

() The breathing of helium when mixed with the proper
amount of oxygen Is harmless,

(b} Hellum is absorbed and glven off more rapidly In solution
In the body tissoes, than Is nitrogen.

(e} Bome tlssues wlll not absorb a8 large amount of hellum as
they will nitrogen. For example fat tlssue will contaln about
seven tlmes more nitregen than lean muscle tissue but only about
three tlmes more hellum.
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{d) As helium Is absorbed more rapldly than nitrogen, some
tissues may take up more hellum durlng a glven exposure to
pressure. Hellom will also leave the tissues faster. Both phases
promote the formation of bubbles which can cause bends. While
the ratio of the pressure of the gus within the diver's body to the
external pressure can be 2.0 or 225 to 1 safely with nltrogen, this
ratlo I8 about 1.7 to 1 with bhellum. Therefore, this lower safe
ratio of pressures with hellom requires the first decompression
stop to be deeper than with nitrogen. Accordingly it is deslred
to emphasize that a diver can contract bends when using oxygen-
hellum mixtures as readlly as with normal alr and that decom-
pression in accordance with the tables herein iz essentlal.

{e) Oxygen and hellum must be mixed In proper proportions
to suit the depth of the particular dive Involved. The oxygen
and hellnm should be obtalned In separate cylinders and mixed
on board as required. Oxygen concentration must be kept within
the safe limits of about 234 atmospherez absolute pressure of
pure oxygen. Durlng decompresslon, the diver can be shifted to
pure oxygen at 80 feet to hasten helium elimination from his body.

{f) Apparently divers are more mentally alert when breathing
oxygen-hellum mixtures under pressure than when breathing
normal alr, The sense of depth commonly experienced when
breathing the latter Is much reduced. Also they work conslder-
ghly harder and for longer periods, although this latter condltion
may be due to some extent to the better ventilation of the helmet
with [ta resultant improved oxygen supply and decrease of carbon
dioxide.

{g) The advaotages of usiog oxygen-bellum mixtures in llen
of normal sir are applicable mainly to diving In depths in excess
of 150 feet. For the shallower depths, the tlme saved in decom-
pression and Improved physiological reactions are not com-
mensurate with the elaborate special equipment which has to be
provided. Consequently, this egulpment Is furnished only to
snbmarine rescue vessels and to such submaripe tenders that have
facilitles for carrying out deep submarine rescue and salvage
operations.

(h) Helium conducts heat much more rapldly than alr. When
diving with oxygen-helium mixtures, the heat Is transferred from
the diver's body so rapidly that speclal provislons must be made
to keep him from becoming chilled. Specially designed electrleally
heated underwear developed for this purpose contributes to his
comfort when worn io water of less than 60° F.

{{} When using oxygen-hellum mixtures for diving, it 18 neces-
sary that an adequate recirculating system be provided in order to
recover and conserve the hellum. An eficlent purifier for remov-
Ing the CO, ordinarily generated In the helmet |s essentinl as a
part of this system. Io the Navy's work this is accomplished by
modifieation of the conventional helmets.

SECTION II. DECOMPRESSION

The characteristics of decompression with oxygen-helium mix-
tures are different from those of alr. With the former a larger
volume of gas 18 concentrated in the faster saturating parta of the
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body, and the rapld diffusion of gas from one part of the body to
another on reduction of pressure requires the keeping of the
body at high pressures for a longer tlme during the primary
period of decompression. Also the normal procedure for decom-
pression after an oxygen-helium dive (8 to heve the diver breathe
pure ox¥gen beginolog at the B80-foot etop. Bince pure oxygen
should not be nsed at depths greater than 680 feet, the decompres-
glon must be made on oxygen-hellom mixtures up to that polnt. In
cage of necessity, however, the diver can be decompressed on
oxygen-hellom mixture throughont, or sghifted to compressed alr,
subject to speparate and distinet procedure for use In these two
cased. In shifting to compressed mir, however, it has been found
that the human body cannot stand a direet change from belinm
to nitrogen at depths beyond 8 atmospheres’ pressure without dis-
comfort unless the air ls supplied gradually at an Increase In
volume of about 8 percent per minute. In actual practice graduoal
ahift from hellum to alr iz accomplished throogh use of the
recirculation system for 20 minutes of decompression time. The
oxygen-hellum decompression tables which follow are accordingly
different from those used for ordinary compressed alr diving.
The tables are somewhat complicated but at this time further
simplification has been lmpractlcable due to the many factors
and conditions affecting the decompression.

To prevent Inltial formation of bubbles in the diver's body
under different conditions of exposure to helium under pressure,
the proper rate of ascent must be observed up to the first de-
compression stop. The rate of ascent varles with the depth of
the dive and ita duratlon. The approved procedure for decom-
pression with oxygen-helium mixtures Is ag follows:

(@) Take percentage of oxygen breathed by divers and the
depth. Based on these factors obtaln proper rate of ascent from
table 1.

{(b) Take depth of dive and percentage of oxygen used by diver,
Based on these factors find from table IT the partial pressure
of hellom In tissues most completely saturated.

{r) Take time of dive from beginning of descent to beginning
of ascent,

{d) With partial pressure obtained from table Il and time
of dive find depth and time for decompresslon stops In table ITI.

{e) Bring diver to first gtop at rate of ascent prescribed in
table I. When diver reaches 80-foot stop, shift him teo pure
oxygen and order him to “ventilate” to remove hellum from his
hoee and dress. This will require about 25 cuble feet of pure
oxygen. After ventllating, order diver to “circulate.” The change
in the sound of the diver's volee over the telephone due to the
change In the density of the gas he ls breathing s an excellent
indicatlon of the effectiveness of the ventllation. Contlnue the
supply of pure oxygen to the end of the decompression,

In case It becomes necessary to recompress a diver for bends
after he has inhaled pure oxygen during hls decompresaton, oxygen
should be administered with care. Under such conditions the
diver may exhlbit abnormal susceptibility to oxygen polsoning.
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In declding the oxygen concentration of the oxygen-hellum mix- Egl:-.n: ;ﬂ
tare to be used for divers, care should be exerclsed to Insure that centrations
the maximum concentration does not exceed 2% atmospheres °f *=yEen.
{absolute) of pure oxygen at the depths of the dive and that
the minimum in all cases |5 sufficient to insure encugh oxygen
tv meet the diver's requirements under all conditlons of descent,
work on the bottom, and mscent. A minimum of 15 percent has

been the practice In tralning.
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TagLE IL——HeIiuwmaen—#aFia af partial pressurce—40 to 00
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1. Obtaln partlal pressure from table 11,

2. Time of dive Is from time dlver starts down until beginning
of ascent. '

8. When diver reaches 60-foot stop, or 50-foot stop when first
stop i& at 50 feet, shift to pure ox¥gen and have diver “ventilate”
with 25 cuble feet of pure oxygen to remove hellum from dress
and hose. Flnlsh decompression with diver breathing pure oxygen.

Tance ITI.—Decompression tables

Tima Time
Partial | Time of | Btops, Partial | Time of | Bto
preasuire| dive ln | 80 l!gt. 'EM pres=zure | dive in mm' nh: w
(feet) |minutes| foet | GO0 e (feet} |minutes| fest ﬂf;p
10 0 7 2 10 8 2 8
a0 0 F 2 20 2 2 -
) 0 2 2 0 32 2 34
@ ! 40 o| .2 2 40 i1 2 43
== &0 4 1 5 & 57 2 7]
a0 ' 1 &l 1o ' & 8 2 7l
100 0 1 1 100 78 2 by
L 120 12 1 13 120 81 2 83
[ 10 0 2 2 i iy 2 26
20 5 1 8 160 1 2 a7
0 8 1 9 180 B 2 25
0 10 1 11 T 87 2 )
n / &0 15 1 18 [ 1o 8 2 10
el A0 21 1 -] 0 b7 2 ™
100 o 1 o a0 38 2 40
120 28 1 0 40 8 2 50
140 al 1 32 a0 65 2 67
\ 180 n 1 B || 0 ! #0 bl 2 -
T 4 1 5 100 86 2 )
0 9 1 10 120 (i 2 U
0 4 1 15 140 B4 2 o6
40 18 1 19 100 05 2 a7
0 ! o bl 1 = 180 o 2 ]
- a0 34 1 a5 200 s 2 100
100 ] 1 4 10 8 ] 11
1 48 1 47 1] 3l 2 a3
140 48 1 4 30 4 3 e
160 4 i 50 0 56 2 5
10 5 ' 7 60 75 2 7
0 13 2 15 B a8 1 o
0 19 2 21! o.....{ 0o 5 2 o7
0 25 1 o 1| 100 7 103
& 3 1 3 140 | 103 2 108
N B 4 2 4 100 | 105 2 107
100 &5 b 57 180 | 108 2 108
1% ] 2 Bl .1 i] 07 2 109
140 81 2 a \  zm | I8 2 1o
180 82 F ™ (10 0 2 12
180 63 3 5 0 M 2 36
10 [ 2 B a0 ) 2 52
0 17 2 18 40 a3 2 [+
30 2 2 = 60 B3 2 85
0 a 2 a5 &0 i 2 s
a0 48 ] 48 || 140...... i jli1] 104 T 106
100 ( 80 5 2 0 10| 1% 2 i
Haaire 100 as 2 o7 0| 111 2 13
1 70 2 72 | 160 | 113 2 115
140 3 ] 75| 180 115 2 ny
160 i 2 ™! oo | 118 2 118
180 75 2 Fri | 1 E' | 117 2 118
200 8 2 Ll

205
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Tanre 1IL—Decompression tables—Contlnued

180.........

Time of
dive in
minutes

Stops (minutes)

T T - P PP - e P S - e TP

Time to
first .{‘I‘::I
BOfeat | TOfset | 60feet | S0fect | =OP

10 3 13
30 1 ]
56 3 5
8l 3 74
81 ] ™
™ 3 107
101 3 114
106 3 119
109 3 12
11 3 124
113 3 126
114 3 1%
1 3 1277
115 3 158
21 3 2
T 3 i
B 3 67
"] 3 B2
9l 3 104
10 3 115
108 3 121
113 3 126
115 3 128
116 3 199
17 -3 130
117 ] 112
17 3 134
117 3 135
16 3 b
) 3 Bl
6l 3 7
5 3 &8
7 i1 3 114
7 106 a 12
T 113 3 13

7 1i7 8 1
B 117 3 il
o 117 i 144
2 ur 3 147
3 7 3 148
i 17 3 19
5 117 3 150
7 1w 3 EY)
7 a 3 81
7 o 3 B
7 80 3 100
T 101 3 121
0 110 3 131
7 f 12 117 3 14
T il 13 17 3 149
7 1 14 17 3 1852
7 14 15 17 3 158
T 17 15 117 3 150
7 W 15 17 3 161
7 21 15 ny 3 15
T = 15 i gl 3 185
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Tansre II1L.—Decompression tables—Continued

FPartial Blops (minutes) Time

pres- | Tims to

of dive first

d":ﬁ 100 feet | 90 foet | B0 feet | 70 foot | 60 feet | 50 feel | stop

T R A— e T 10 71 4

W | ARty 7 10 7 4

T . e 7 1] 70 4

L e Pl 7 0 10 B7 4

L P ey 7 B 1 109 4

) [Eee— zi 7 ] 10 118 4

190 Il 100 7 13 11 17 4

g 130 7 17 13 17 i

140 '] 19 4 17 4

160 11 0 15 117 4

180 13 21 15 117 4

200 14 n 15 17 4

o 15 b -] 15 117 4

| MO |. 18 b 15 117 4

[ 10 T 10 M 4

20 7 1] 10 55 4

30 |. 1 0 10 T4 i

&0 T ] 10 ol 4

B0 7 ] 1o il 4

80 a 13 13 115 4

200 100 [ ] 18 M 17 4

""" 120 B 0 15 17 4

M0 f..... 11 bl 15 117 4

180 | .. 15 b -] 15 17 q

180 |-. 17 b ] 15 17 4

200 | 1B B 15 17 i

o0 20 B 15 17 4

0 0 = 15 117 4

( 10 7 0 10 w 4

0 |. 7 0 10 57 ]

i '] 3 10 ™ ]

0 1] 7 10 ™ i

] 4 10 10 110 4

BD 8 4 13 117 4

20 100 12 17 14 117 4

120 |.... 15 2 15 157 4

140 17 a 15 17 4

180 17 = 15 7 4

180 18 = 15 17 4

00 |. 18 n 15 17 4

-1 SR 17 19 b <] 15 17 4

CYTI Y 18 20 n 15 117 4

[ [ 1 —— L1 7 1] 10 . ] L]

20 i T o 1 10 2 4

Wi 7 i [ 10 b 4

40 7 3 '] 1] ] 4

L] 7 0 ] 11 11 113 4

B 7 3 11 15 13 nz 4

20, 100 7 [ 14 17 | 1 4
= 130 7 B 18 = 15 17 LR

140 7 11 18 = 15 117 4

180 T i1 ] 1] k-] 15 17 4

180 7 15 0 = 15 117 4

200 7 15 0 15 17 i

0 B 17 0 = 15 117 4

M0 ] 1] 0 B 15 117 1
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Tanie ITL—Decompression tables—Continued

8i

i

Btops (minutes)
mmmu Time of

treet) | 417 | 120 | 110 [ 100 | %0 |80 | 0 | @0 | m
feel | foet feat | feat | fest | foet | fest
R 7| St CE EReio e 7| o| w| =
x i 7 1] 3 10 [ ]
¢ PR T onni T 2 4 10 a7
40 T 1] a L] 10 | 0@
ad 7 4 # 12 11 114
8O T ] 12 17 M| uy
- 100 7| 1| 15| =| 15| mr
“““ 120 ] 14 19 m 16| 1r
140 10 14 o n 16 | 117
1] L] 18 N a 15| 1y
180 7 19 0 n 16 | 1y
o] '] 19 20 n 18 | ur
0 11 19 1] n 18| 117
\ 240 B w| | w| 18| ur

[ 10 el 7] To| To| w0
) PR e 7 L] 1 4 10 Ti
. NSRS O 7 1] ] T 10 ]
40 7 (1] 3 7 ] 0| @
1] 7 [1] 8 10 14 11 116
30 k) ] 10 14 18 14| 1y
M0 100 T a 12 17 n 18| ny
T 120 7 T 14 10 n 15 | 117
140 T 11 14 0 ] 15 | 11T
160 | 7| B| w| w| = 1] W7
180 B 15 19 0 n 18| 117
o0 )., R 17 19 k] n 161 17
0 .....- ] 17 19 0 b | 15 117
\ o | n| 17| w| | W| 15| n7
[ 10 ...... TEy T (1] [1] 1 10 a8
| [ PR I T [1] 1 L] 10 T2
i . 7 [1] 4 ] a 10 ]
40 ... 7 (1] & ] ] 10 104
60 |.....- 7 i B 1 1 13| 17
7] 7 7| nul| w| | 18| 0T
280 ! 100 ... 7 10 L 1% n 18] I17
""" 15 7 | 12 17 19 n 18] 117
146 i 4 15 18 1% ] 16| 117
160 T T 14 10 10 <] 16 ] 117
180 7 ] 17 16 k1] n 18] 117
20| 7| w| 17| w| | Bm| 18| nr
b ] 7 12 17 '] 20 n 15 117
40 7 13 17 10 o <] 16 ] 117
[ M dssersgeu=t T [ 1] 2 10 41

20|00 ¥l o] o] 3| 7|
a0 |...... 7 q 4 [ B 10 w
a0 ... .- 7 2 4 b 9 10 108
|7 of 7| | 12| 1| 13| ns
L) 7 a ) 13 15 i 16 117
200 we| 7| o) w| wl| w| m| 18] 07
ceell oy | 7| 8| 13| wW| wm| m]| 18] m1
140 7 11 15 10 1] n 15 ] 117
160 R 13 17 in b 1] n 15 117
wo| ol | 7| w| | wm| 15| ur
o0 | w| 18| 17| w| m| B| 15| 107
.| 11 14 17 ia 20 o 15 ] 117
240 13 14 17 19 20 n 18] LT

e o o e e e o e e e e i e e g e e e e
L3 RV I A AL LR P b L LR R R b e e




DEEPER DIVING BY USE OF OXYGEN-HELIUM MIXTURES

Tame IIL—Decompression tables—Continued

= " -
gé" z tops (minutes) g i
.- N T T g% =
s AR A\ R\ 0 |0(0[8( 82"
2 S| TSR | BRI RS |

(1 T I [ — ¥ 60| o0 0| 4| | 44| 4 ]

20 |...-- ¥ R B T o 2| 4| &| w| 0| 4| L3

a0 |. S i I ) O N 6| @| 10| 100 4| 14

o Eafeaslaas X &) A Bl 0| 10| 10|10 | 4| 1m

L 3 tlessss] T & 7| w| 4| 1w 1wy 4] 1

-1 7 AT s dowaza| T & 10 13| A7) || M| 07| 4| 22

11 R A T al 9| 13| 16| ™| W| W 07| 4| M

it 11 BT Tl 4| 11| 14| 19| 20| || IG|NT| 4| 24

MO [.ooforees| T 8] M| 18] 18| 20| 3| 15| 117 4| Tm

] Tl 71 1| 17| 19| 20| 3| 08|17 | 4 P4

80| ... d T @] | 17| wl-2| || OIS 1T | 4| My

a0 | J Tl 1) w| 17| 1w ™| B s by 4| 9

e .. lea) T 38 8| 17| 19| 20 | |17 4| W

MO ... ¥ 7 18] w| 17| W| 20| BW| IE|IIT| 4| 29

BT N | [ @l 0| o 1 3] In]| 47| 4 7l

- "y el SRR MRS T ol o 2| o 6| 10 B4 4 1@

3 e z ——s| T| O A a| 6 9| 10|(104] 4] 140

0. B 0 ) 8| & 8] W] M|1A 4| 150

o | o o) a| 8| 10| 14| 18| 14| 118 4| 1w

L J T 3] o8l 1| | 1] BW| W\ N7 4| 2

20 11m : i 1 | 1| 1) 18| W B| 5N 4| |

— ==V 190 |. ~ T B | 6] 19 W| [ 5| LT[ 4|

40 | sl T O30 18] 17| 19| 2| W] 15| 07| 4| 48

1040 el B 131 28] 27| 19| | W] B M| 4] =3

180 |, ] @] 1) &) 17 18| | W] 5| 17| 4] 2H

e | .| 1] | e 7] mw| W Bl-Is| 17| 4] 250

m s e 50 18 I3 | 1 W B |17 4| 8

\240 | L 14 15 18| 1| 18| | B 18| 17 4| 200

1o |. e =) ceee ]l 0] 0] B O] M0 4] 4 76

20 P I I R gl 7| | Be 4 1M

[ e S S R o (I 5 | B 9| 10| 108 4| 158

0 .. = 7 0| %| 6| 8| ®| 12| 1W|14]| 4| 178

6o |- ceee] 2| 4| & 8] 13| 15| 18| |17 | 4| 208

... 7] ol 31 o 11| a5 17| @ 15|17 4| ™

=0 100) E Fi 2 o] M| 15| 17| ™| @|™| ]| nz 4 M0

o 1 5 1 4| W 13| 16 | 20| B| BT 4| M0

T P B 13| 18] 17| 19| | =W IS\ N7 4| 20

100']... 7] S| M| 16| 17| 1| ™| W OIS\ NT| 4| M0

wa ..l T 10| 15| wm| I 1w ™| B S| 17| 4 M

W .o T 12| 5| 18] T 09| | B S| U7 | 4| 28

T . 1 o1& 18| ]| 37| | 0| ;|| A& U7 4| 208

L340 7 M| 18| 16| 17| M| 2| W| 15| 17| | W7

e T [ P Il ¥l o o of | 3| w| &3] & M

il a1 0| o i gl o o&| 10| M| 5| 123

an 5 ol 2| & & g 0| 10| 06| 5| 154

W[ = 2 o| &| 7| ®| 1] 13] 12118 Al 179

[T T o 8| % 0| 12| 18 20| 18| 117 5| M3

| &0 7 2| B 1ol | 18| 10| B 18|37 5| M

0 oo l.....! 7| & o 12| 15| w| W) B| 18| 17 A M8

130 |- 7 8| | w17 W ™| || 4|07 5| 28

140 |.. & 9 | 18 7| 19 W || W |1T 5| 3

160 | Bl 1% 18| as| 17| 19| 20| 3| 26| U 4| 288

wa| 5| 3| 1| 15[ 1| 3T | 1| fm| W] A5G| T | E| EO

ae| 7| 5| 14| 13 6] 17| w| m| \| sy 8] m

N} ¥ 6 1% 16| 28| | 1= > @ WUy & I

0| 7| 9| 14| 18| 18| 07 | o A s | 07| 8|

!

! Take 1eatrn minute from frst stop to moal sfogp,
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Tamie III.—Decomprezsion tables—Continued

|
E g Btops (mlnutes) i
23|, HE
- -
3 HE T I R Tk
Po|&lelslzlz|alalz]s 2
e M il e R 2|2\ R|8|B|F
U3 N N S B
o e T T 3 3 E - o 10 o
30| el e ol B E 7 5 =
ol 7] e 3 s % il 186
i s R N - B 13 la 1| 13 1 188
s ... 77| o e @ 1| 12 HIE- =
0. 1I-:aug. e I T T I T T { % 7 2
o ] S I O 1A 1 B a 1 HE-
Hl][ - 7 5 12 18 1 = i H g
140 | 38 oy e e 17| w W B 1 5| 770
T e i I IR 18 17| o 1 B| 775
180 ... 3| 10 M ls 1w 17| 1w = =\ 1 Eotl
EEEtEEEEEERER IR
l240f 0|00 @ 13| 14 15 18 - HE
47 - 3 17 19l W | 5| W2
120 177 of o ? - -
30 1oq ol 3 4 I HE
40 7l o 1f s @ f 15 15 B
B0 T 1] & i1 9 11 3 b
ol 78 N8 1 17 ™ 5| =8
o i%" 5 8 @ 1l li :'?'.r F g g f’“
;g:i 7 2 9 E, 11 0 11; o 2 = Eﬁ
. i3l n| w4 8 e 17| 19
1. .. e 2 -
=R PR RN EEE R
ol 5t 7| 3| a4 18] 18f 17| 18] 20| 22 HE—
e e T e e 15 18 1 9| 2| - : -1
7 e Mo s | I | BT 2 | & H o 144
)l o o 4 4 6 i 8 17
w 7| oq o 4 & o 7 o 18 HEH
ooj_...| ¥ 0 3 o 8 9 -11l 14 I Sl 20
8o .| 7 of o 8 & 113 M4 1 E i
- 11m-.-- rd 2 T I 13} 1A 17 18 -y
bl D) 3l 4] e 12l 13 16 17| 1) 3 3| 37
““a“ 71 8 11 13j 15 16| 17 :g E A -
0| 7 8| 13| 14! 14| 18 17| 18 g -
18 ... b O L I'll 15 14 17| I B -
200" 7l 12| 13| 14 15 18 17| 19 - Bl
|| 20).. o 12 13 14 18 18| 17| 19 -1 3
Mazeol ""| 0| 12| 13| 14| 18] 18| 17| 19 E HE
|{*104..... I Il o uf © ; g g -
vl ..ol 7l of of 1] 3 4 & 0 8| 150
] e B | 1 I : W 0 31 2
e = 1 y X £ - i1 B 1o 5 1RL
BOj. .. T Li] & i -1 ] ]I }lﬁ. o B 1]
sl | 70 20 7| 8 1w 13| 18 19 ~ih -
. .| 7 8 e 9 13 w 17 B 3 1 s 25
-lf2ed 7 1) 7| o) aal 15 16 17| 18 g ] o
140/ 7l 2 @ 12| M| 18 16 17| 19 h -l —]
160 7| 4| 10| 13| 14| 15 16 17 3 1 H
w0 7 & 12 13 4 15 18 17 }: g i -
200 *.-? o 12 13 14| 15 1| 17| W : -
ﬁ ; lg :g ]l; 4] 15 16| 17 19 g t! ﬁ
4 15
| l l 6 _l'.r 1] =B 1 b1~ ]

Take | extrs minute from frst stop Lo ml. u.up
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Tasig 1IL—Decompression tables—Continued

. Btops (minutes) -E
Ak S| B
! E s - Y - - ) - i - N ol ke = 3 =1

E"’é I|E|E|B|E(E(2|2 .E EE(2|E|E)E E %
d BI2|IE|I2|B|Z|B B Z2|8|z|g|leslg|2 Bl
shosliesketteos] o 9 3l 3 10| 67| 8 102
» Ao Ny 71 o o T & 10) o9 B 158
T oA T o 3 B ® 10 115 5| IBG
7 o 4 10 13 14| 117] 8| 208
3 7| o 3 6 18 18 16| 117] 5| 243
O NIRRT 1| I | - | N . S | 1 b1 18 117 5 247
- ) ] 13 1 1 1] 15 117| & 282
10 7 4 e ul g 9 18| 117] 5| 201
i e uf 13 14l 1 0 18| 117] 5| 28
Hos 1l 13 4l 1 19, 2 15| 117] 5 3
kL B ® 1 1 14| 1 1 n 15 117 & 303
£ B gl il 12 13 o 19 = 15| 117] 5| 308
o) 1o 1n] vt 13| na n 10| = 18 117 5| 307
caloooe] XN IR W 1 14 1 1 n 15| 117 &| 308
% RSS! eiecel MisER 7 1] 3 10 o9 5 108
= 177 0 o 3 7 10| 102 5| 156
i e 7 0 1 4 4 11 11] 114] 5 190
P M o 1 B 6 1 16 117 & 216
i | 77 © 85 B 8 12y 14| 19 18] 117 § 251
=l @ 71 7 1| 1 17| 1| 20 18| 117} & 273
o 7 0 ] 1] 1 17) 18 20 16 117 &5 288
=2 7 1 W om1 14 1 17 19 20 15 117 & 297
2 od 3 ul 13 ul 1 17 1w = 18| 117 5| 304
1ol 4] 1o ¥z a3l w4 w 17| 19 2 18| 117 5| 307
] T 6 11 1 13 4] 1 17 18] 20 15 117 5 30w
o F I 131 14) 1 17 1 ) 15 117 & a1l
Sloal el ] am v w4 o 17 18 W 15 117] 8 @3
Sloal o an] a3 13 14 2 17 18] o m| 18 117) 8| s
o R s i | O 1| 4 3 7| 10| “eo| 5| 108
o 7 o 1 4 1] B 1 10 14| & 162
: o o 3 3 o 7| & 11| 1z 14] 117] 8 rem
| s i 4 & 7l 9 10l 14| w| 15 113 8| 2n
= 3 & 8 T 1| 14 1 1% = 15 17 2546
—| o o 8 1| 12 14 s 1wl 2| m 18 17 & =
o [ 71 8 u| 13 13 s | 19 0| m 18 7] B e
ol T wf 12| | 15 18 17] 18 | = 18 117 & 02
T O B o1 1 14 18 16, 17 1 N o=m o1 117 e
7 w 12 13l el as 18] 17 w20 3 s | & me
7 i 120 13) 14| 15| 18] 17| 19 w| W 15 17| 5 W0s
7 moin i 1 14 15 1 17 1 m o= o1 117 nrv
7 wf 1| 130 13 4| 18 18] 37| a9 m| B 18 17) 8 30
7l 1ol 1| 13 13 14 18l 16l 17| 18] w| m| 1@ 17| 8 3w
) BT, e 7 ] 3 8 33 71 TH & 113
) . 4 & B 10 1 105 1]
i 7 4 b I | | 11] 117] & 202
Es 8 1| 1| 4| 20| 1a 117] 5 26
= i | 13 17| . @ 18 117 8 61
7 0 fi 1 12 17 19 20 = 1 117 285
7 g 14| 18 16 17| 1w w| 18 17 8 00
72l 1 g 1 4| 15 1w 17 W ml 15 17| 5 309
7 12 1 1 14 15 16 IT! 19 0 | 1 117 s
71 4 1w anf 4| 150 16| 17 10| 20| 2| 15 7| s 3
71 8 10 11| 1 4| 15 160 170 10 w0 mm| 15 117 5 310
7 71 11 1 4 1 & 17 19 @ x| 15 117 5 42
71 o 19 11| ) 4 15 18 170 1 W w1 ng g =
8 10 10 1| 1 14| 15 16 17] 1w 2| 23 15| 17 5 32
1 ]

I'Take 1 extrs minuts from first stop to next slop,

211
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TasLe [IL—Decompression tebles—Continued

s Stops (minutes)
l-'l.rll.nl% -
Sirlioe® Tl P o (e i
et | 5 |E|E\E2\E(2 2282883553
- | = (=1
EIZ|RIBIE2IB|IB|2|2|B|8B(2|8|glzlele
doolo] 7i-of of ol of 2| af 3| 4 7|10
i 7 ol of 1| 3 4f s 5| 8 9 10
7 o of 2 o4 8 8 ¥ 8ol 12 13l 1
17l ol 2 & s o s 8 w1314 1|1
7l o 2| 5| 5 8 8 @ 1115 17| 20| B
7l ol s 70 8 w132 18] 17 | | =
3. 7l 2| 7| 8l 9of 11| 14| 15| 18{ 17| 18| 20| 23| 18
71 & 8 @ 11] 13| 14| 15 16{ 17| 19| 20| D] 18
[ o 7 10| 10| 12} 13| 14| 15| 18] 17 li‘hﬂll
: 1) of 10| 11| 32) 13| 14| 15| 18 17| 18 20| 2 18
= al of 10| 11! 12} 13| 14| 15| 18! 17| 19| 20| 2| 15
e & 10| 10| 11} 12{ 13| 14| 15| 18} 17| 18| 20| @) 15
A 7| 10| 10/ 11 12} 13| 14| 15| 16/ 17| 19| 20| 2| 18
i, 8l 10| 10| 11| 12] 13| 14| 15 18] 17| 19| 20| I@| 18
I I Mt e/ I T I 3 3| & 9 10
S a ol of of 1 4 4 4f 8 sl & 0] 10
fy77 of of of & 4 4 5 3 7) 10| 11| 18} 18
0T 7 ool a) 4b st s el sl 7ian| 1| 18| 18| 18
el 2175l o of 8 s o 7| s 1l 4l 17| 0] 2| 18
8ol 7| 7 of 3 o 6 &l 0] 12f 13] 18] 17| 18] 20 2| 18
w.... . (lwo 50| 6| 7| 8 0 13| 14| 15 18] 17| 18] 20| B| 15
120 - | 7| 2| 8| el 1|12} 13| 14| 15| 18] 17| 19| 20| 2| 18
wol | 7 2 8| 11 12| 13| 14| 18| 181 17| 10| 20| 23| 15
160 71 3 10| 10| 11) 12} 13| 14] 15| 18] 17| 19| 20| 28| 18
wal. | 7 | Wl 10| 11] 12) 13| 14| 15 18! 17| 19| 20| 2| 18
200 | 7 7| 10| w] 11| 32 13| 14] 15| 18] 17| 10| 20| =| 15
) 70 9 10| 10| 11| 12| 13( 14| 15( 16 17| 19| 20| 23| 15
ol 7| 1] uf | 0| 15| 12! 13| 14 15| 18] 17| 19| 20| 2| 15
fanl [t L | 7| o] ol o o| 2| "2 3| 3| el "e| 10
T B ?Dﬂﬂ’ildl&[?inlﬂ
30 7| ol o 2| a 4 ¢ & 7| wf 12| 15 18] 12|
s |2 7l o 2l x| 4| 8 & e e 113|168 20{ 15
6ol |75l o 2| 8 s ol 7| wl | 13] 15 19| 20] 23| 18
sol | 7t o 8| 8 & s w 12| s 18] 17! 10| 20| B 15
a0 |l 71 3| & 7| s 11 13] 14) 15| 16| 17] 18| 20| 2| 15
120 7| o s 7| w| 0] 12! 13 14| 15 18 17| 19] 20| 28| 18
140 7 0 5| @ 10| 11| 12/ 13| 14| 15| 16( 17| 19| 20| 23| 18
wol 7 2 s w| w| 1] 12 13| 1| 18] 16 17} 19| 20) | 18
ol 7 o3 el w o) 11 12} 13) 14| 15| 16 17| 18] 20| B 18
a00| 7| & @ 10 10 1] 12 13] 14| 15| 18] 17| 19| 20| 23| 18
20| 7| 7| 9|10 10| 1| 12| 13 14| 18| 16 17| 19{ 20| 23| 18
\240 :rlu nmlm ““2 13| 14| 18 m'fl? 19| 20| 2| 16

| Take | pxtra minute from first stop to next stop,

““‘I — v In an emergency It may be that oxygen cannot be used for

preaslons
for emergencies. gecompression, owing to fallure of oxygen supply, or possibly
to symptoma of oxygen polsoning. Elther air or hellum-oxygen
mixtures may be used. Emergency tables for using hellom-oxygen
mixtures may be caleulated for the particular dive being made.
In order to have & table that may be available Immediately, the
decompression provided In regular tables should be given up to
the 80-foot stop, and from that point on, table IV should be used
{using eame hellum-oxygen mixture that was used on the dive).

Tasre IV

80 feet ; 50 feat 40 foat | 30 feet 20 foot | 10 feet

B minutes | 28 minutes mml.nuim‘snmmum 42 minutes

55 mingtes

In emergencies when it I8 not possible to use helium-oxygen
mixtures or oxygen during decompression, (t may become necessary
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to use alr, Decompression for each case can be ealculated. How-
ever, slnce the emergency may occur at any point from the bottom
to the last stop, it Is Impractical to attempt to cover all of the pos-
sibilitles In tables. Therefore, a table (table V) for maximum
saturation Is provided and this table may be used for any emer-
gency. When It is possible to do so, the alr should be adminis-
tered or furnished through the recirculator for the first twenty
minutes of these tables. Otherwise the diver may experience
uncomfortable symptoms, dizziness, weakness, loas of consclous-
ness, etc, a= a result of a sudden shift to air,

The tables are provided for each 50 feet and the table selected
should be one next higher than the actual depth, unless the depth
is at an even 50-foot figure.

Tasre ¥V

Depth (feet) up to—
m 100 180 00 | 280 200 0 | 400 450 00
feet | feet | foet | fewt | foet | feot | foet | feet | fest
............................................... 9
............................ 9
.............................. f 0
............ 10 10
............ i 1l 11
...................... 11 11 11
..................... 12 12 12
............ 8 13 11 13
.............. 11 13 13 13
}: """""""" " }: }E H {E
im0 16 18 1 18 18
1 18 T i7 17 17
1w 18 18 18 18 18 18
7 10 19 0 0 20 0
= n 7] n 7 n n n
M 24 ] M M M M
 FESCERE sl n 0 b 0 n E] o 7
i i a0 30 30 30 0 0 0 30
i 1" a8 s 3 35 35 a5 a 1
n 4 42 42 ] 42 42 42 T 42
... & 5 52 82 52 52 52 52 52
W [ o8 ] [ 8 (] &8 68 8

SURFACE DECOMPRESSION

Many occasions may arlse where It Is desirable or necessary to
bring the diver aboard as quickly as possible. When a diver s
removed from the water before his decompression has been com-
pleted (except after blowing up) the following procedure should be
followed :

1. (a) Decompress diver In the water In accordance with the
regular heéllum-oxygen tables untll the diver has reached the
S50-foot stop. (The diver Is shifted to oxygen at 60 feet and re-
malns there for the time called for in the regular tables.)

(b) Keep the diver (on oxygen) at 50 feet for the same time
that he spent at 60 feet.

{¢) Upon completion, of his stop at 50 feet, bring the diver to
the surface (at the rute of 50 feet per minute), remove helmet,
belt and shoes, and then place him In the recompression chamber
28 quickly as possible.

213



214 - DIVING MANUAL

(d) Recompress diver In the recompresslon chamber to 50 feet.
If the diver can clear his ears, he should start breathlng oxygen
on his way down; otherwise as soon as he reschea 50 feet he
should start breathing oxygen. The tender should assist diver
tv remove the diving sult and nnderwear while pressure s being
npplied. The total elapsed time, from 50 feet In the water until
the diver Is at 50 feet in the chamber breathing oxygen, ghould
not exceed 3 to 4 minotes.

(e) Keep the diver at 50 feet (on oxygen) In the recompres-
slon chamber for the time required for the 60-foot stop ss given
In the normal hellum oxygen decompression tables.

{f) When bringing the diver out of the recompression chamber,
reduce the pressure at the rate of 10 feet per minute (that is, take
5 minutes to bring him to the surface from 50 feet).

2 (a) Incase the first stop In the table used !5 50 feet, bring the
diver to 50 feet and shift him to oxygen.

() After he has been breathing oxygen for 10 minutes at 50
feet, bring him to surface and carry out the same procedure for
recompression &s described in paragraphs 1 (c), (d), (e), and (f)
above,

Recompression chamber should be equipped with oxygen supply
system, and oxygen masks provided for use in the chambers.

Decompression in this manner has been succesaful for exposures
of 1 hour &t 250 feet, 20 minutes at 300 feet, and 10 minutes at
350 and 440 feet,

1. Bring diver aboard and remove helmet, belt, and shoes as
“hlow quickly ra possible and place In recompression chamber.

seing hsllum 2 Recompress to point of rellef of symptom (or recovery), plus
oxygen. 15 pounds. If no symptoms have developed, recompression to T6
prunds.

3. Maintain maximum pressure a minlmum of 30 minutes after
symptoms have been relleved. If oo symptoms have developed
munintain pressure of 75 pounds for 30 minutes,

4. Decompress according to Table V, selecting the next higher
table than the actual depth (pressure) used in preceding para-
graph, onless the depth (pressure) s at an even 50-foot flgure as
tabulated in Table V. For example, If pressure (depth) used 18
175 feet, vse the 200-foot table.

5. Complete the decompression from the A0-foot level (stop) by
breathing pure oxygen for 90 minutes as follows :

(@) At 60 feet for time as Indicated in alr treatment table. (22
minutes If 150-foot table used.)

(b) At 50 feet for 88 minutes.

() From 50 feet to surface in 15 minutes with oxygen mask
in place.

6. Surface slowly after 80 minutes oxygen breathlng period,
malntalning the oxygen mask until surface Is reached.

SECTION III. MIXING OXYGEN AND HELIUM

m::.“ Helium for diving purposes is obtained from the Naval Air

Station Lakehurst, Lakehurst, N. J., and stocked at the submarine
bases at New London, Coco Solo, S3an Diego, and Pearl Harbor.
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Impurities in hellum are detrimental to preper decompression. Quality.

Requiritions should bear a notation that gas must be at least #7.6
percent pure, the impurities, if any, to be nitrogen and that
both gas and flask are to be free of oll or oll vapor as the gns
is to be mixed with oxygen.

Oxygen is ubtainable from stocks at the submarine bases at
New London Conn., Coco Solo, O, %, San Diego, Callf., and Pear]
Harbor, T. H Requisitions should bear a notation that the grs
must be at least 9944 percent pure, the Impurltles, if any, to be
nitrogen and water vapor.

Hellum fittings are made up with a left-hand thread and special
fittings are utllized when using the cylinders. Because of the
high pressure in the flasks when recelved it ls desirable to "bleed"”
fully charged flask into empiy ones before mixing the oxygen.
Connect an empty hellum flagk to a full one (about 1,800 pounds
per square Inch) with the T-fitting provided with two left-hand
threaded nuts. Open the stop valve on the full flask and read
the pressure on -the gage on the T-fitting. Open the valve on
empty flask and allow the pressure to equalize, The gage read-
log should then be half its original value.

In order to add oxygen to the hellum a fully charged oxygen
flask & *bled"” into the hellum flask containing hellum at the re
duoced pressure mentioned above. This requires a T-fitting pro-
vided at one end with a right-hand threaded nut and at the other
with a left-hand threaded nut.

Using the T-fitting, connect m gplit hellum flask (about BOO0
pounds per square inch) to a full oxygen flask (about 1,800 pounds
per square inch). Open the stop valve on the helium fask, read
the pressure on the gage on the T-connectlon, then close the
valve agaln. Open the stop valve on the oxygen flask and read
the gage.

Compute the pressures which each flask will contaln when
enough oxygen has flowed Into the helium fAask to give the desired
percentage as follows:

Divide helium pressure in flask by percentage of hellum desired
in mixture. This wlll be pressure corresponding to 1 percent of
pressure of the mixtore. To find pressure In helium flask after
mixing, multiply by 100. To obtain drop In pressure In oxygen
fask, multiply by percentage of oxygen deslred.

Example:

Hellom flask preasure 800 pounds per aquare Inch.
Oxygen fRask pressure 1,400 pounds per square inch, 20 per-
cent oxygen, 80 percent helium mixture desired.

Pressure of 19 mlxture=ﬁ=‘lﬂ' Iba./8q, In.

80
Pressure of mixture In hellum finsk=100x10=1,000 pounds
per square Inch.
Pressure drop In oxygen flask=20<10=200 pounds per square
Inch.

Experlence has shown that if the oxygen ls allowed to enter
the helium flask rapldly, more necurate results are obtalned.

The hellum flask will heat up and the oxygen flnek will become
cold due to their respective pressure changes (Charles’ Law).

Mixing bellmm
and oxrgen.
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If the flow between the two flasks lg stopped under these con-
ditlons and the temperatures of the two flasks allowed to equalise
again, the pressure In the oxygen flask will have Increased slightly
and that in the hellum flask will have dropped (Charles' Law
also). No way of controlling the temperature of the gases dur-
ing mixing bhas been devised, so this temperature effect must be
compensated for by running over a sllght excess oxygen pressure,
or by adjusting the pressures two or three times at intervals after
the flasks have been allowed to return to approximately the same
temperature, The technlgue depends entirely on judgment de
veloped by experlence,

iXx POO AMH. 6-VOLT STORAGE BATTERIES IN SERIES

X paneL- 4" | ok

NO. 12 TWIN CONDUCTDR
PORTABLE WIRE

UNDERWEAR COMES IN TWO
SIZES— LARGE AND SMALL

RESISTANCE OF UNDERWEAR,
2 OHMS, APPROXIMATELY.

MAXIMUM CURRENT PERMITTED,
IS AMPERES.

2-FINGER GLOVE

ELECTRICALLY HEATED
UNDERWEAR

FOR DIVING WITH

OXY-HELIUM MIXTURES

Prate 80.—Electrically heated underwear for diving
with oxy-hellum mixtures.
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After the gases are mixed, they must be allowed to set for 2 or
2 days to permit the oxygen and belium to diffuse through each
other. Before using the mixture, draw 2 sample from each fask
and determine the oxygen percentage by chemlical analysis
Mark each flask with chalk to show gas It contalns. Serial num-
bers of all iasks and the analysls of the contents of each should
be recorded on a form for that purpose.

Each fiask of oxy-helium mixture must be checked accurately
for oxygen percentage before being used. The carbon dioxide
percentage Is determined at the game time and Is of Importance
to the diver. S8amples of the gas are collected In the sampling
bottles, the carbon dioxide measured by absorbiog It In the appa-
ratps, then the oxygen percentage determined In the same way.
The remalning gas 18 assumed to be hellum with not more than 3
to 4 percent nitrogen, provided the hellum and oxygen mixed
were of required purlty (87.05% and P65 respectively).

Samples of air and exhaled breath may be analyzed for practice,

Fiasks of oxy-hellum mixtore used for diving should have an
oxygen content within 2 percent of the percentage deslred and
kave not more than 0.08 percent carbon dioxide. Flasks are
placed In the manifold 8o that the average of the flasks In each
baok 1= as close as possible to the oxygen percentage to be used.

Hellum flows through orifices faster than oxygen and will pene-
trate openings through which oxygen cannot pass. When the
gnees are mixed and are not used for some time, the proportions
may change due to loss of hellum, For this reason gas analysls
shonld be made just before the mixture 18 to be used,

The Haldane-Henderson apparatus shown on plate 91 I8 very
werurate and wlll give percentages of oxygen and carbon dioxide
to within 0.01 percent In the laboratory with an experienced tech-
nician. The gas burette Is callbrated to 0,001 ce. and the cost of
& burette alone Is equal to more than one-third of the value of
the entire outfit.

For good results the apparatus should be mounted. The equip
ment i8 shipped disassembled. It should be mounted on the
wooden stand as illustrated on plate 81 thus avalding straing on
glass tublng. The stand should be attached permanently to a
table. The fluorescent lamp is mounted behind the panel of the
stand to provide illumination through the ground glass windows
in the panel. Vibration, motion of the equipment, poor lighting,
temperatore variations, and other Inaccuracles will Introdoce
errors In reading the scales. Attempts have not been made to use
the apparatus on board ship, so the probable limits of error
under such condltlons are not known but they may be large.

The stirring tobe may bé connected to a source of compressed
air Instead of to the rubber bulb.

All joints should be made up glass-to-glass using sulphur-free
rubber tobing. Lobricate and seal stopcocks with a minimum
amount of Lubriseal. Stopcocks must be kept clean.

The carbon dioxide absorbent ls potassium hydroxide (KOH),
10 percent. It must be entirely clear and free of precipitate

The oxygen absorbent s potasslum pyrogallol. It (8 prepared
aa follows:

150824—43——10
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Add 200 cc. of water to 300 grams of potassium hydroxide sticks
{not purified by alcohol). Place solution in & bottle with a
greased stopper. To each 100 cc. of the solution add 15 grams
of pyrogallle acld (Merck).

Both repgents must be kept from contact with the air to pre-
vent thelr absorbing carbon dioxide and oxygen thus losing thelr
strength. Both are very caustle. The potassium pyrogallol
ahould be kept In a bottle with a greased stopper.

Fill water jacket with water to just above enlarged portlons
of thermobarometer iube and attach rubber tube full of mer-
cury and clampa for leveling. This can be done by attaching
mercury levellng bulb to thermobarometer, running mercury
up the tube and drawing water required through the thermo-
barometer outlet to the KOH reservolr by lowering the mercury
level. Then put clumps on the rubber tubing leading to the levellng
bulb and cut tubing.

& \
GAS SAMPLE-COLLECTING
APPARATUS

|. GAS BURETTE.

2. A-WAY BTOP COCK.

1 CARAON DIVOXIDE ABSORBING
CHAMBER AND WOW RESERVOLR.

4 OXYGEM ABSORBING TUBES AMD
PYROGALLOL RESERVOIR,
S WATER JACMET

& THERMOBAROMETER.

T STIRRER.

8.LEVELING BULE FOR GAS BURETTE

9 5TOP COCH FOR NOM.

10 TUBE AND CLAMPS FOR LEVELING
THERMOBAR OMETER.

11 LEVELING BULS FOR QAS
COLLECTING TUBE.

i2 GAS COLLECTING TUBE.

Prate 91.—linldane-Henderson gas analysis apparatus.
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Set four-way cock to connect burette to earbon dloxlde absorp-
tion chamber. Run mercury to near top of burette by elevating
levellng bulb, Pour KOH solutlon Into its reservoir. Draw
solution up into the carbon dloxide absorblng chamber by lowering
mercnry level In burette,

Bhift four-way cock to conpect burette to oxygen absorbing
chamber. Agaln run mercury to pear top of burette. Pour potas-
slum pyrogallol solutlon Into Its reservolr and draw it up loto
the oxygen absorbing chamber by lowering mercury in burette.
Four some liquld petrolatum Into pyrogallol reservoir to protect
the solution from the alr.

Adjust level of KOH In the thermobarometer connectlon to
the KOH reservoir to one of the marks on this glass tube by
means of the levellng tube and clamp on the bottom of the thermo-
barometer. Next, adjust the level of the liquid in the glass tube
to the carbon dloxlde absorbing chamber to one of the marks on
this tube by chauging the mercury level in the burette. It may
be necessary to repeat these operations If the liguld in the thermo-
barometer connectlon moves appreciably off its mark.

All carbon dloxide and oxygen must be removed from the ap-
parstus, leaving only inert gas in it. This Is done by analyzing
at least two samples of atmospherie alr, which also checks the
accuracy of the set-up. The clearing process and the check
analysls must be repeated whenever the apparatus stapds un-
wsed for any length of tlme,

Gas samples must be sealed with mercary. They are taken
with the gas sampling tubes shown on plate 91,

Open sample tube stopeock and Al tube and cock with mercury
from the levellog bulb, then close cock. Gas must be allowed
t eacape from a high-pressure contalner through a regulator,
or & needle valve, to reduce the pressure. Permit gas to flow
tirough regulator and connecting tube to gas sample tobe
for a minute to expel alr. Open the stopeock, rinsing the sample
tube by running mercury up and down, then trap a sample by
closing stopcock.

At least two complete analyses should be run on each sample
to insure that results are correct,

Connect gas sample bottle to apparatus. Open four-way cock to
sample connection. Elevate burctte levellng bulb to run mercury
to sample bottle stopcock, expelling previous sample, then open
sample bottle stopcock. Run mercury up and down in burette
two or three times to rinse, then draw in sample by running it
down to just above the 10 cc. mark, allowing for pressure of
sample. Shift cock clockwise to connect burette to carbon dioxide
absorbing chamber and make first reading of burette guickly.
Hon mercury in burette up and down with leveling bulb a few
times to absorb the carbon dioxide. Return level of EOH in
absorblog chamber tnbe to It previous mark by adjusting height
of mercury In burette. Read burette agaln. The earbon dioxide
content in percent of volume (8:

Difference between burette reading

First burette reading. X 1%0
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Turn four-way cock clockwise to connect burette to oxygen
absorption chamber. HEun level of pyrogallol up and down in
chamber a few times to absorb ox¥gen. Heturn pyrogallol level
to orlginal mark oo absorption chamber tube, then ghift four-
way cock counterclockwlse to connect burette to carbon dioxide
ahsorptlon chamber agaln.

The gas sample |s washed In the KOH solution agaln, then In
the pyrogallol. Adjust the level of the liguld each time In the
ahsorbing chamber used before shifting the stopeock.

At the conclusion of the second washing with pyrogallel, shift
back to the carbon dioxide absorbing chamber, adjost level of
KOH solution, and read burette. Repeat washings untll burette
scale reading remalns constant within 0.04. This is the third
burette reading.

The oxygen content of the sample In percent of volume {8

Difference hetween second and third readlngs %
o o ol Pk e e BT T lm_
Firat reading.

Keep the fluorescent lamp turned off except while actually tak-
ing reading. The heat from the lamp will cause temperature
changes and errors.

By careful manipulation and practice, bubbles of gas and dropa
of liguid can be kept out of the apparatus.

If elther of the solutions are run over into the burette, they must
be dralned out and the burette washed out with a 1 percent solu-
tion of sulphuric acid.

The length of time required to complete the absorption processes
I8 a measure of the strength of the reagents.

When potasslum pyrogallol becomes old and thick, It may clog
the small tubes in the oxygen absorption chamber, causing errors
due to bubbles and slowing the reaction.

When a test on a sample I8 finlshed, leave the levels of the ligulds
in the connecting tubes at their reference marks to save time. The
level of EOH in the thermobarometer connection to the KOH reser-
volr should not vary more than a perceptible extent during a test.

Once a sample has been taken Into the apparatus the blue end
of the four-way stopcock handle must not be moved through the
upper half of its are untll the analysis (8 Anished.

Bubble air through water jacket with stirrer every 3 to 5 minutes
o keep It at eame temperature throughout. Do not agitate water
enough to make it gplash on burette and thermobarometer tubes.

Eeep the apparatus and the mercury clean to prevent Introduc-
tion of errors,

When apparatus Is to be left unattended for a time, open stop-
cock on thermobarometer connection to KOH reservoir to avoid
having liguids run over,

Consult standard reference works and text books on analytieal
chemistry for detalls of technigue.

SECTION IV. DIVING OUTFIT FOR USING
OXYGEN-HELIUM AS DIVING AIR

LIAT AND DESCRIFTION

The use of oxygen-hellum mixtures as an alr supply for divers
requires special equipment. The following special equlpment is
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issued to submarine rescue vessels in addition to their regular

diving ontfits.

Item Number | Unit
: Complete with late, canister, asplrator, 3-foot 1| No.
of standard diver's alr hoss, ‘control vll“ with adapter
llnhvuw and recirculstor supply bosa.
Il-qu Com r ............................................ 1| Ne.
'l'llh- Hll‘.ri;u fiasks, }-inch high- ul 1| N
5P %3 &g 0.
with 0-3,000-pound gage snd 2 laft-han nnhhﬂthlw”d
Tee for -inch high-pressure, equl Irlth 1| No.
poun Sags, 1L and Wit o Bf Neliom Aask, un
nut mﬂlurmm
R e e e Y e 2 | No,
o e o 2 | No.
Panal, complets with switches, ammeler, ammeter shunt, and 2 | No.
Mmhmriu 8 volt, 200 A, !I_+ _____________________________ 8| No.
Haliom, 200-cublo-foot Hasks. .. .. ... ... .....ooooo.ns 100 | No.
Oxyyen, 300-cublc-foot flasks. ...........cccovvmmrrmnmnrmrrnnnnns 20 | No.
EBpare for helmet:
e e N A P = S 3 | No.
Hoks val o e = T g ﬁn.
Mﬁnmﬂn anl o,
Bpare manlfold: Pet cocks.. R AR A 5| No.
glﬂhm kﬂitu:h highammm.g,&ﬂupnuifs reraa g ﬁﬂu
v, huhpmmm pouu .......... N,
Valve, rellef, 1dnch. ... ... R R 1| No.
Gﬂmﬂmwml*
Haldans-Hendersons_ . e AR R R 2 | Ne.
. Potasglum hydroxide, 1-potnd bottles. .. .. ... .. & | No.
m hutl ml.md but'ue e S A é Eu,
areury pmmd les b = i,
"bulbs, Zh4-dnch. .. _ 6 | No.
Rubber tubing, Ma x Me-inch &) | Fuet,
Rubber tubiog, # x 3%-in g 10 | Fect,
l.uhi.li&ﬂnpmﬂ.mm}......_ B S S S 10 | Tube.
Mineral oll, I-pint bottles. 1| P
Bupport W ring, medivm .. .. ... e i 4| Mo,
%l.llppu'ull‘t ring, ilrge...._. ...... i 2 ;}u
ng supports . o 5 P 6 a.
ﬂuuﬁnﬂiun tubes AT v : 6| No.
phnidus Si-fnch__ R 8| No. .
Clampa, Bunsen. 8 | No.
Micrometric control valves, for blm-ding smple from helium 2 | Nu,
Bhall-Natron, I.n approximotely  Bi-pounid containers, 12 oun- 450 | Pounds,
talners to
Cable for hur.l.n.z electric underwear in 600-fool lepgths, with 3 | Length,
mals fttingn
on the wse of belinm-oaygen mixtures for diving. . i | No.
Plans sh arrangement and heok-up of helinm osygen gear 25 | No.

as osed In diving.

The ghlp's recompression chamber should be equipped to supply
oxy-hellum mixtures to divers undergoing surface decompression.
Ten face masks are supplied each vesszel for this purpose.

In addition to the above, submarine rescue vessels should pro-
vide and maintain satlsfactory forms for recordlng oxygen-

hellum mixtures and results of dives made with

lowlng are samples:
Ozy-helivm miziures

B8 me.

The fol-

Bank No. 1 Bank MNo. 2 Bank No. 3

Plask No. | PPt | plask No.| FEroent piaap no,| Fercent

Bee record of dive, p. 225.
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DIVING MANUAL

Standard Navy diving helmets have been converted for diving
with oxy-hellum mixtures. The priocipal changes involved the
installation of a means of conserving the oxy-hellum mixture by
absorblng the carbon dioxide in the helmet and so reducipg the
amount of ventilntlon reguired. The oxy-hellum helmet weighs
about 75 pounds as aguinst 55 pounds fur & standard helmet.
While & minimum alr supply of 1.5 cublc feet per minute at the
pressure of the dive 1s necessary for helmet ventilation in moderate
depths of water, divers geperally find it more comfortable to use
two or three times thls amount of air while working in order
to reduce fatigue from ecarbon dioxide. At deep depths, the
effect of carbon dioxide is so marked that it becomes important
to have a minimuom amount of this gas present In the helmet.
The oxy-hellum mixture enters the helmet through an aspirator
nozzle, The action of the aspirator jet draws the carbon dloxide
Inden atmosphere from the helmet, forces It through a chemical
absorbent, and returns It to the helmet with the carbon-dloxide
removed. In thls way, normal expenditure of the oxy-hellum
mixture s reduced to about 1 cuble foot per minute at the pressure
of the dive.

The Interlor of the helmet Is not changed except to provide
openings for the added external fittings. The exterlor of the
helmet |g shown on plates 92, 93, 4, and 95, with the various
fittings identifled by letters. A description of the fittings follows :

This cable, part (A) plate 82, carries the current supply for
the electrieally heated uoderwenr. It is standard twin conductor
rubber-covered No. 12 portable wire, supplied In 500-foot lengths.
It is provided with the old Navy standard battery type telephone
cable fittings and is attached to the middle gooseneck. This
cable is stopped te the combination lifeline and telephone cable,

The combination lifeline and telephone cable, part (B) plate 85,
Ie a regular 4-conductor cable such as s used with batteryless
telephones. It is provided with the usual batteryless diving tele-
phope fittings and is attached to the gooseneck on the left side
of the helmet. The cable I erossed over the alr hose, led under
the diver's right arm, and stopped to the right side of the breast-
plate.

The exhaust valve, part (C) plate 92 is the standard alr-regu-
lating escape valve of the “non-blow-up” type. The exhaust
plpe or channel part (D) is led over the top of the helmet to the
rear to clear the canister. During the dive It 18 normally kept
cloged, the diver using the chin valve as necessery to regulate his
buoyancy. When ordered to “"ventilate,” the diver holds the
chin valve open. If it Is necessary to “go on open eclrcult”, the
exhaust valve is used In the ordinary way and !s opened as
nécessary to regulate ventllation.

The helmet safety lock, part (E) plate 92 has been shifted to
the left front of the helmet to eclear the carbon dloxide absorbent
canlster,

The spit cock, common to the standard helmet, has beén removed
to provide space for helmet locking deviee and to prevent possible
loss of gas from leakage.
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FRONT VIEW

A—Electric cable for electrie heated underwerr,
B—Life line nnd telephone cable,
*—Hzhaust valve,
D—Exhnust channel,
F— T sy Iy 1
— um-oxygen supply line.
Gi—Hoke valve,
H—New type control valve,
1—Ajlr bhose,

Prate 92 —Helmet oxygen-helinm (feont view),

The oxygen-hellinum supply line (aspirator supply hose), part (F) ©
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plate 92, Is a S%-foot section of standard oxygen hose Jed (o sepply hose.

the Hoke valve, part (G), ahead of the eontrol valve to the aspi-
rator, part (C), mounted in the rvight-hand gide of the canister.
With this arrnongement the diving gas 18 led to the aspirator jet
deseribed below, with the control closed, yet should the diver
require a smlden additional alr sopply of gas, as for Instance
when descending, he has merely to open his control valve. The
working pressare In the aspirator supply hose is maintained at
Gt pounds per square inch over bottom pressure, The pressure
of the diver's gas supply must be regulated carefully to corresponsd
to the diver's actual depth to avold rupturing it. It is stopped
to the 8-foot length of regular diving hose, part (1), During the
dive, the Hoke valve is kept fully open at all times to supply the
oxygen-hellum mixture to the recirenlator nozgle. It should never
b closed unless the aspirntor supply hose breaks or becomes
disconnected.

The control valve, part (H) plate 82, is of the new type of
standard control valve with o hexagonal fitting carrying the Hoke
valve, part (G}, attached to the supply side. During the dive
the control valve js kept eclosed exeept under the following
conditions :
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SIDE VIEW (LEFT)

A—Canister for Shell- \utrun LUy pbsorbent).
B—Outlet end of canlste

C—Coupling for 1ife ll.'ruz nnd telephone cable.
D—Hellnm-oxygen supply hose to ventuorl
EF—Air hose.

F—8afety lock,

Prare 683, —Helmet oxygen hellom (side view) left,
SIDE VIEW (RIGHT)

A—Canlster containing Shell-Natron (U0 absorbent).
B—Inlet end of canister,
C—Yenturl.
D—Helinm-oxyren sapply to helimet.
E—Alr Inlet and noareturn safety valve,
F—Alr hoge,
O—Electric eable for electrie heated underwear.
H—Life line and telephone cable.
I—Exhaust valve,
J—Exhanst channel
E—Faee plati.
Prare 84 —Helmet oxygen-hellom {slde view) right.
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REAR VIEW

A—Cunister containing Shell-Natron (U0 absorbent ).
B—Iplet end of canister,
C—Venturl
IJ—-Bnlium-ndum lullpts to helmet,
tlet en
F—Life line and Le!u'phnna eahle coupling,
G—Life line and telephone cable,
H—Coupling for electric heated npderwesr cable,
1—Eleetric eable to electric heated nunderwear,
.’T{—S;*fetr non-return valve and alr bose connection.
—Alr h
L—Exhaust channel and outlet,

Prate 00 —Helmet oxygen-bellum (rear view).

{a) To bulld up the pressure and volume of gas in the suit
during the diver's descent.

(b) Whenever the diver suddenly requires more gas In his suit
to regulate his buoyancy.

{e) To supply gas or alr to the helmet In the conventional way
in case the recirculating apparatus falls. Use of the control valve
in this manner I8 eallied “Going on open eirenit.”
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{(d) To ventllate the helmet by replaecing the gas In the dresa
with a fresh quantity of gas. The control valve and the exhaust
valve are opened on the order, “Ventilate” and closed on the order,
“Clreolate.”

The air hose, part (I), plate B2, Is regular diver's alr hose. It
is attached to the control valve through a hexagonal brass fitting
carrying the Hoke gas needle valve. The control valve aod hose
are attached to the breastplate in the usual way. The 3-foot,
9-inch length of hose Is led under the diver's left arm and to the
right gooseneck through an ordinary safety nonreturn valve.

RECORD OF DIVE
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The aspirator or circulator, as it iz ealled, ia & Venturi tube, into
the throat of which a jet or nozzle is fitted, having an oriflce so
proportioned that with 50 pounds per square Inch differential
pressure, a volume of gas, which contains sufficient oxygen to re-
place that consumed by the diver, ls introduced in the helmet in
any glven time. Simuoltaneously the movement of the gas mixture
through the nozzle draws the atmosphere from the helmet and
forces it through the carbon dipxlde absorbent in the canister and
then back to the helmet after purification. Any excess gas that
tends to accumnlate escapes through the exhaust valve. By this
means, the helmet I8 glven snfficlent ventilation and the amount
cf gas which Is required Is only about one-fifth of that nsed in the
cld method of ventllation. The asplrator Is shown In Its assem-
bled form, as part {C), plate 85, and in cross sectlon on plate 97.

The connection to the asplrator, as shown on plate 97, consista
of a ¥-inch pipe elbow to which the aspirator supply hose con-
nects. This elbow I8 screwed to an oxygen hose adapter contaln-
Ing a fine wire gage screen. It Is Important that this strainer be
kept In good condition to prevent solld matter blown along the
hose from plugging the nozzle, The strainer serews into the high
pressure nozzle fitting with a 14 -inch pipe thread.

The high-pressure nozzle fitting as shown on plate 97 Is
threaded Into the asplrator body with a metal to metal joint,
no packing belog used. It can be removed for cleanlng with
n %-Inch wrench.

The nozzles are machined to extremely accorate dimensions
and finishes, The relative posltion of the nozzles must also be
exactly as designed. They must be handled very carefully. A
nearly Invisible scratch or a tiny bit of forelgn matter around
the nozzles will alter the flow of the gas and will result In in-
adequate wentilation of the helmet. The dimension of the jet
orifice Is 0.0225 Inch, or No. T4 drill size.

Each time a helmet is used, inspect the strainer and noszles.
Make sure the high pressure nozzle is clean by running a No.
T4 drill throngh it from the high-pressure side. If the drill is
soldered to the end of a small brass rod about 4 inches long, It
can be Inserted into the nozzle easily,

After the helmet ls used, the nozzles should be removed and
blown clean and dry before being put away,

The jet produces a low rumbling nolse. Any change in this
sound may Indleite that the reclrculating system has failed,

The discharge nozzle, plate 97, Is a Venturl tube. The jet of
gas from the high pressure nozzle rushing through the throat of
the venturl sucks the atmosphere from the helmet and forces it
through the canister. The discharge nozzle |s screwed Into the
lower slde of the aspirator body and projects down into the
canister. It can be removed with a % -inch wrench.

Carbon-dioxide absorbent |s 8 compound known commercially
as Shell-Natron. The particles are moulded to permit easy flow
of gas through the material. Shell-Natron has a very high
affinlty for carbon dioxide. It is extremely caustic and will
produce active burns If it comes In contact with the skin, It is
packed in 2% -pound containers, 12 containers to a box. Shell-
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Natron mnost be kept completely dry and alr-tight to prevent
absorption of molsture and carbon dioxide from the alr.

The canister, part (A), plates 84 and 935, holds a little over
a carton of Shell-Natron when the bafle Is Installed, or about
3 pounds of absorbent. Thiz quantity probably will continue to
absorb carbon dloxide effectively for about T hours. It should
be changed after & hours of wse.

The discharge (left) end of the canister is fitted with a
removable screen te prevent the absorbent from enterlng the
helmet, Shell-Natron which has powdered should not be used
because the caustic dust will be blown Into the helmet.

The canister ia attached to the helmet with two large nuts
which can be turned with a 3-inch wrench. Leather washers
inslde the nuts make the connectlon watertight. In assembling
the recirculating system it Is essential that all connections
be completely tight to aveld loss of gas and to prevent water
from reaching the Shell-Natron.

With the canister removed from the helmet, fill it carefully
with Shell-Natron from both ends. Leave an empty space In the
aspirator end of the canister to accommodate the discharge
nozzle. Shake the absorbent down enough to Insure that the
canlster Is otherwise filled completely. As originally issued,
there were no baffles In the canister g0 any unfilled pockets would
pass the gas over the absorbent instead of through It and the
carbon-dioxide would not he removed. A baffle, plate D8, was
subsequently installed in accordance with Burean of Ships letter
August 14, 1841, No. ASR/S04 EN2B/A2-11, After use, remove
the Shell-Natron from the canister and wash out thoroughly with
fresh water. Any absorbent left In the canlster will produce
heavy corroslon.

The manifold shown on plates 88 and 99 1= used to coptrol
the supply of gas to the diver and as a storage rack for the
gas flasks. Oxy-hellum mixture s supplied at 50 pounds per
square inch over water pressure during the dive. This I8 changed
to pure oxygen during the decompression at the 60-foot stop.
In nan emergency, compressed air can be supplied to the diver.
These three systems will be explained [n detail.

The hellum flasks containing the oxy-helium mixture are ar-
ranged In & steel rack In four banks, a, b, ¢, and d, plate 88, with
five flasks to the bank. Only helilum flasks, which have a left-
hand thread, will fit the flask connections on the manifold. All
flask stop valves are opened and one bank at a time ls used
by opening the stop valve to that bank. Flasks in an exhausted
bank can be replaced with full flasks without Interrupting the
supply to the diver.

The mixture flowa from the bank In use through a stralner to
the Gruve pressure regulator. The flask pressure ls reduced by
the regulator to the pressure required by the diver, 50 pounds
per square Inch over water pressure. The oxy-hellum ls supplied
from the Grove regulator, part (P) plate 88, to the diver via a
volume tank, part (T), plate 88,

The teat pressure for the high-pressure portion of the aystem
Is 3,000 pounds per square inch and for the low-preasure portlon,
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&30 pound gage, belium-ovygen bank prvsure.
b—oii-pound gage, helium-orygen divers' supply pressune
e—a00-pound gage, oxygen (pare). Ouygen volume tank prossure.
d4—H. V. guge-vsygen (pure) lask pressure gags.
e—Lhygen page —oaygen volume tank pressure.
I—=Ouywen (puire)—reguistor.
E— U ygen (pure}—uopper orygen fusk supply or cut<ut valve
h—Oxygen (pure)—lower oy ygen Oaak supply or cut-out vilve,
—tygon (pure)—bypaes valve (from Dk to volumie tank),
| mnild k—Cut-out valves, (rove reducer,
I—Hallum-vaygen bypass valve (to bypass Grove tedooer],
m—Hellum-oxygen manifold valves (from bellom-axygen valume tank Lo diver).
n-—{hygon (pare) manifold valves (from oxygen volume tank to diver).
o=Alr tnanifold valves—divers’ emergency alr supply from ship®s slr manifeld.
p—lrove reducer.
i Dhistte lomder—reguintes pressumm in dome of Orove reduner.
r—H. F. struiner for bellum-oxygen banks
#— Hellum-onygen volume tank.
I—Unypen volume tank.
u—Divers' slr (hellum-orygen) hose conpection,
v—Alr hose conpection from ahip's sir manifold.

Frare 88 —Oxygen-helinom diving manifold front (end) view.
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500 pounds per square Inch. Working pressure of low pressure
portion Is 300 pounds per sguare inch,

Two flasks of pure oxygen, parts (I) and (J), plate 99, are
placed In the rack below the oxy-helium volume tank. The stop
valve on each flask I8 opened wide. The plping from each flask
is equipped with a stop valve, parts (G) and (H), plate 99,
on the control panel which cuts in the fiask to an ordinary oxygen
pressure regulator baving high and low pressure gages. The
regulator reduces the oxygen flask pressure to the pressure
required by the diver, 50 pounds per square Inch over water
pressure, and discharges It to the diver's hose via the oxygen
volume tank. A wvalve part (I), plate 98, Is provided for by-
passing the oxygen regulator In case it falls.

If the oxy-hellum or oxygen system fall, the diver can be
shifted to compressed air. A length of standard diver's alr
hose from a regular diver's alr supply Is attached to the alr
hose connection, part (V), plate B8, at the control panel. When
the diver is shifted to compressed air, he shounld continue to
“Clrculate” for 20 minutes without “Ventilating™ before he goes
on “open e¢lrcult,” This will prevent his suddenly becomlng dizzy
from the anaesthetlc effect of the nltrogen.

The oxygen-hellum volume tank, part (K), plate 09, has &
capacity of about 375 cubic feet. It ls equipped with a relief
valve having a 300-pound spriog Installed and set to lift at
275 pounds per square Inch, Spare springs of 400 and 500 pounds
are supplled. The teast pressure of the tank is 1,000 pounds per
square inch.

The oxygen volume tank, part (N), plate 89, 18 of the same
size ms the oxy-hellum volume tank and has an ldentleal relief
valve with spare springs.

The connectlon to diver's air hose is with a standard 8 fitting
attached to a manifold at the top center of the control panel, as
shown by part (U), plate 88. This manifold has slx valves, parts
(M), (N), and (0), plate 8. Two are stops for the oxy-hellum
system, two for the oxygen system, and the other two control
the compressed alr supply. Between the two stop valves in each
system 1s n pet cock accldental lenkage between systems,

The Grove pressure regulator, part (P), plate 08, automatlcally
reduces the flask pressure of the oxy-hellum mixture to that re-
quired by the diver. It ls similar in constructlon to other
diaphragm-operated regulators except that Instead of a spring
ngalnst the diaphragm belng used to control the discharge pres-
sure a dome over the diaphragm Is charged to a sultable pressure.
As Installed, the dome pressure is adjusted from the high pressure
side of the line to give the desired discharge pressure by turning
the handle on the dome loader. In case the dome londer does not
operate, the dischnrge pressure can be regulated by lnserting the
proper wrench in & small fitting on the flange of the dome.

The pressure delivered by the regulator must be carefully
adjusted to 50 pounds per square Inch over the water pressure
corresponding to the actual depth of the diver. A pressure lower
than this amount will prevent proper functloning of the diver's
recirculating system. This requires contlnuous changing of the
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dome loader setting while the diver is going down and comlng up.

The most likely causes of derangement of the regulator are
failure of dlaphragm and worn or damaged valve parta. New
parts may be obtained npon requisition to the Bureau of Ships.

1. Hellum conducts heat much more than does air. 'When dlv-
ing with oxy-helium mixtures, the heat is carried from the diver's
body so rapldly that speclal provision must be made to keep him
from becoming cold. Helium penetrates fabries and other ma-
terials 8o actively that electrically heated diver's nnderwear had
to be developed for diving with oxy-hellum mixtures.

2. The heatlng elements conglst of fine interwoven wires ar-
ranged in multiple series-parallel circults. Each wire I8 Insulated
with spun glass thread wound around it. The wires are placed
between two layers of spun glass cloth and are sewn to one layer
with glass thread. The inside and outside of the garment is
knitted wool, dyed blue and impregnated to make it fire resistant.
The high concentratlons of oxygen In the dress Increases the poss]-
bility of lgniting materials which ordinarily will not burn readily,
hence the glase insalation and fire-resistant impregnation. The
nnderwear and the means for operating it are shown on plate 80.

3. 8Bix @-volt, 200 ampere-hour storage batterles are supplied
to furnish the current for the underwear. The leads from the
batteries are lead to switches on the panel so that any number
of batteries can be used at one time In series, giving 68 to 36 volty
on the leads to the underwear lo G-volt steps. Only one switch
at a time should be Ino the “On" poslitlon, otherwise one or more
of the batterles will be short cirenited. It Is peceesary to have
the batterles and all parts of the elreult well Insulated from
grounds to avold giving the diver a possible shock that will be
uncomfortable, but not dangerous,

4. 500 feet of No. 12 twin-conductor portable wire Is supplied
for the underwear conductor. It Is led into the helmet through
a gooseneck using the old style battery type telephone connections.
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Description of Plale 93,

8, b, ¢, d—Helium-oxygen banks (5 Gasks per bank).
e, I, g, b—Hellum-os¥gen bank manifold cut-out valves.
I—Upper oxygen (pure) Ausk.
}—=Lowear cx¥gen {pura) flask.
k—Heplium-oxygen (mizture) volome tank.
I—Helial valve.
m—&00- mnd 500-pound eprings for rellef valve (300-pound spring installed).
p—0xygen (pure) volums tank.
o—Rallef valve,
p—400- and 500-pound springs for reliel valve (300-pound spring installed),
q—Hellum-oxygen {mizture) line from manifold to reducer.

r—Hellum-oxygen {mirture) line from helium-oxygen volume tank to divers' hellum-cxygen sop-

ply manifold (ses **M" oo end view).
p—Helium-oxygen line from Grove reducer to hallum-oxygen volume tank.
t—Ozygen lloe [rom oxygen bypass valve (see V1" on end view).

u—T-fitting—oonnecting oxygen bypass line and divers’ oxygen supply line to ox¥gen volume tank,

v—0Ozygen line from oxygen volume tank to divers' oxygen manifold.
w—_01ygan gage line (sea ¢’ on end view).

I—0xygen supply line from oxygen regulstor to oxygen volume tank.
y—0Ozxygen supply line to cut-out valve (sea "g'" on end view).
s—Oxygen supply lioe to cut-out valve (see "h'" on end view).
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Connectlon to the underwear is made Ingide the helmet with a
small bakellte plug and jack placed on the left side of the diver's
face clear of his telephone.

5. The reslstance of the dress is about 2 ochms and it Is designed
to operate on & maximum current of 15 amperes. The resistance
of the cable must be considered in calculating the voltage required
to obtaln the desired current. For example: No, 12 wire has a
reslstance of 0.00182 chms per foot. Flve hundred feet of twin
conductor cable will have 1,000 feet of No. 12 wire with a resistance
of 1.62 ohms. The resistunce of the elreult through the dress will
be 2 plus 1.62, or 8.62 ohme. The maximum current obtainable
from the 38-volt supply will then be about 10 amperes. To furnish
15 amperes, It will be necesgary to add three more 6-volt batterles
to the supply In order to ralze the potential to 54 volta, The aciual
current through the underwear Is read directly from the ammeter
on the panel. Divers report being comfortable in water of
48° ¥, uslog 11.5 amperes.

6. The underwear must be handled carefully to avold breaking
the wires lo the heating elements. Do not fold or crease it, but
stow it on hangers In & clean dry place.

SECTION V. DIVING PROCEDURE WHEN USING
OXYGEN-HELIUM MIXTURES

1. The diver puts on the electrically heated nnderwear which
replaces all of the diver's underwear usually worn. If desired,
the diver may protect his head by wearlng a leather aviator's
helmet buckled securely nnder his chin with holes ent In the ear
flapa to permit him to hear.

2. A standard rubber diving dress In good condition and
equipped with gloves s worn. Place electrie plug on the left side
of diver's neck. The breastplate nuts must be well set up to avold
any leaks. Use a full belt.

3. Inszpect the connectlons to the helmet to see that they are
tight and properly made up. A safety nonreturn valve must be
used, Hee that the asgpirator high-pressure nozzle i8 clear and
clean.

4. Berew helmet on breastplate, open faceplate, attach control
villve to breastplate, then stop lifellne and heating cable to right
side of breastplate and hose to left side. Connect nnderwear heat-
ing plug and jack on the left side of the diver's face. Test the
underwear by turning on the lowest voltage available and noting
1he ammeter reading. Test the telephones,

5. Check the filling of the canister. Place sereen in left (dis-
charge) connectlon and leather washer In each connecting nut.
Attach canister to helmet, setting up on nuts with wrench. Turn
on oxy-hellum supply with a pressure of 75 pounds square Inch
and listen to sound of aspirator. Diver opens and closes control
valve to test it apd the safety nonreturn valve. Close exhaust
valve. Close face plate. Diver is ready to enter the water,

8. There should be no leaks anywhere In the dress and there
must be none at all in the recirculnting system, partlcularly the
canister. The euntire operation of dressing Is done more con-



DEEPER DIVING BY USE OF OXYGEN-HELIUM MIXTURES

venlently with the diver seated on a stool. He should be lowered
into the water on a stage because the weight of the qress makes It
very dificult for the diver to handle himself out of the water.

7. During the descenot, the diver uses his control valve to keep
his dress inflated. After he reaches the bottom, the control valve
Is kept closed. The reclreulating system then replenishes the
oxygen and provides the necessary ventllation, The exhaust valve
s kept closed, the diver using hls chin valve occasionally to regu-
lute his buoyance. The control valve may be opened If the diver
needs a sudden locrense of atmosphere In his dress.

B. When he recelves the order “Venlilate,” the diver opens his
control valve about one-gquarter turn and holds the chin valve open.
This I8 dooe either to renew the atmosphere in the dress, or to
riemove the oxy-hellom mixture from the dreas when shifting to
pure oxygen during the decompression. The diver may ventilate
his dress at intervals on the bottom if he ls working hard, or
Ig not satlsfled with the adequacy of the reclrculating system.

9. At the order “Circulale,” the diver closes his control valve
nnd releases the chin valve, permitting the recirculating system
to supply him.

10. The order "Go on open circuil” meapa to open both the
control valve and the exhaust valve, operating the dress In the
same way that the conventional compressed-alr dress Is used.
Thls must be done If the reclreulating system fulls, If the diver
notlees from the sound of the aspirator jet that the circulating
system Is not working, he should shift at once to “open circult,”
reporting his actlon vla telephone and by signal.

11. The acoustical properties of diver's telephones have gen-
erally been poor. When diving with oxy-hellum, the density of the
mixture being different from alr, a pecullar property Is imparted
to the sound of the voice. It Is almost Impossible to understand
the diver. Experimental types of telephones with tonal control
bullt Into the amplifier have given better results. With experlence,
men learn to adapt thelr volces pomewhat to the hellum
atmosphere,

12, It is an excellent practice for the diver to speak over the
telephone nbout once a minute durlog the dive. A continuous
deseription of the conditlons he encounters and a report of what
he ls dolng will give him something to talk about and may be
extremely useful Information.

13. The following speclal band slgnals with lifeline and air
hose selzed together are recommended for use In case the tele-
phone falls:

1-2 pulls—Reduce current to underwear.

1-3 pulls—Increase current to underwear.

3-2 pulle—"Ventllate” or “Go on open clreult.”
4-3 pulls—"Circulate.”

14. When made by the diver, these signals Indlcate that the
diver ls carrylog out the operation indicated.

15. Bpeed of ascent ls an Important factor in the decompression.
The diver should keep himself heavy while coming up, permitting
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the tenders to haul him up at the proper rate. A stage which
can be used to lapd the diver oo deck is the best arrangement
for decompression.

18. Undressing |18 done mosat easlly with the diver seated on &
stool. Open the faceplate, remove the canister, unfasten lifeline,
alr hose, and contrel valve from breastplate. Dlsconnect under-
wear from helmet and remove helmet. Proceed with updresslug
In same manner a8 with compressed air outfit.



CHAPTER XIX

SALVAGE, SALVAGE VESSELS, AND SPECIAL
GEAR

Perhaps the foremost duty of Navy Diveras s ln salvage opern-
tlons varylng from the recovery of emall Items such as anchors,
snnken torpedoes, etc., to the ralsing of sunken submarlnes aod
the salvaging of surface wrecks. The procedure in the recovery of
the smaller Items varles with the circumstances In each case and
uually embodiea such a moltiplicity of varying conditions that no
attempt will be made to describe such operations in this chapter.

Vessel salvage operations are pormally of two classes: namely,
{(a) submarine, (b) beach. In the former Instance the wreck Is
completely submerged and therefore all the work In preparing
the wreck for ralsing muost be accomplished by divers. In the
latter case the wreck is but partially submerged and divers are
nsually necessary only for external hull and underwater terraln
examinationsa.

In submarine salvage It |8 necessary to ralse the wreck to the
surface prior to towlng to the drydock for reconditloning. When
submirines have suffered considerable damage to thelr watertight
Integrity, It 18 necessary to provide sufficlent external buoyaney
by pontoons or other means to provide a liftlng force of a mag-
nitode capable of breaking the suctlon of the bottom and to pro-
vide positive buoyancy for lifting to the surface. Inasmuch as
submarines are designed as onderwater craft, It Is usually possible
to make watertight many of the compartments of the ship and
in this manner provide many tons of internal buoyancy.

Many surface craft have sunk to a depth sufficlent to submerge
the entire ship. The smaller shipe can be ralsed by the ald of 1ift-
ing cranes or by the use of floating buoyancy members, the |[Tting
force being supplied by powerful winches or by the rise and fall of
the tide. The larger vessels may be salvaged by making the holl
watertight and by displacing the water within by compressed
alr, The re¢lamation of the scuttled German Fleet at Scapn Flow
& an Impressive example of this method of salvage.

Surface salvage ls accompliched by many different means, and
the method used Is dependent upon the elreumstances surrounding
each ease. Muany vessels are refloated by lightening ship and pull-
lug off at high tide. Others are forced to avall themselves of ad-
ditional means such as the use of beach gear and towing power of
other ghipe, and again It is necessary to dredge the bottom from
around the ship to provide the necessary draft to refloat the vessel.
Pontoons, barges, or other external buoyancy members are fre
quently ealled upon to assist in raising the ship a sufBclent degree
to glear bottom.
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The use of divers in the salvage of surface wrecks Is of a minor
pature and (herefore this chapter will devote itself mainly to sub-
marine salvage In which divers play a major and Indispensable
part.

Salvage squadrons consist of the salvage and attendant vessels,
pontoons, and other salvage gear, and a complete staff of salvage
personnel including experienced divers. The number of the above
is dependent upon the size of the vessel to be salvaged, the extent
of damage to the wreck, and other miscellaneous factors such as
the depth of water for submarine wrecks, navigational hazards,
ete, In submarine wrecks, & submarine rescue vessel ls nsually
designated as the salvage and diving vessel and the other vessels
stand by as attendant vessels. Each ship has a specific function
in the salvage operatlons. The diving ship is moored directly over
the wreck so that the divers can be readily lowered to the desired
locatlon. Usually a sister ship of the sunken submarine s ordered
to stand by In order that the divers can familiarize themselves
with the location and operation of an exact replica of the corre-
sponding part of the sunken eraft prior to descendlog to accom-
plish a certaln task. The United States Coast Guard and the
United States Lighthouse Service have cooperated wholeheartedly
with the Navy Io previous salvage operations, and the salvage
forces would have been serlously handicapped withont thelr ald.

The Navy has converted minesweepers of the bird class to
submarine rescue veagsels, The vessels are normally stationed at
submarine bases,

These ships have the following charncteristics: standard dis-
placement 1,080 tons; deslgned speed 14 knots; length 180 feet ;
beam 3614 feet; draft 1014 feet. They are excellent sea vessels
and are especlally sultable for submarine rescue purposes. The
installation of additional equipment made necessary by advances
in the art of diving has crowded the diving vessels to a conslder-
able extent., The attendant vessels can relieve the crowded con-
dition of the diving vessels durlng salvage operations In many
ways such as quarterlng salvage personnel, manufacture of sal-
vage equipments, ete.

Bubmarine rescue ships are required to be equipped with many
{tems of special salvage gear including the following items of
major Importance:

(a) Diving outflts.

{b) Recompresslon chamber.

(e) Compressed-alr supply.

{d) Pontoons and pontoon gear.

{e) Underwater entting and welding outflts.
{f} Washing nozzles and lances.

{g) Cement guns.

Beach salvage gear is chlefly carrled at established salvage sta-
tions and depots,

Diving outfits are fully described in chapter ITI.

Recompression chambers are essential to deep dlving operations,
not only for treatment of caisson dlsease but also to prevent the
contraction of the disease on emergency ascents and under other
conditions requiring the diver to be brought rapldly to the surface.
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The present standard type recompression chamber is designed
for worklng pressures not exceeding 200 pounds per square inch.

The standard recompression chamber is cylindrical in form and
Iz divided into three separate airtight compartments. The largest
lock (medical lock) contains all the equipment uvsed In decom-
pression and Is the lock In which the diver is placed during the
decompression operatlon. The man lock 18 much smaller and is
used for equalizing pressures for persone entering or leaving the
medical lock while decompression I8 in progress. The air lock I=
used for passing supplies or equipment loto or out of the medical
lock, Duplicate valves permit control of alr pressures elther from
the interior or exterior of the medleal and man locks. Sultable
connection boxes and deadlights are placed to allow for telephone
and vessel communication with persons within the chamber,

The Navy standard recompression chamber 18 shown on plate
100 in which the compressed air piping, valves, and fittings have
been omitted to permlt greater clarity.

Compressed alr may be obtailned from three separate sources
on gubmarine regcue vessels as follows:

(1) Diver's alr supply consists of two compressera capable
of supplying approximately 160 cubic feet per minuteé at a pressure
of 400 pounds per sguare lnch.

(2) Balvage air supply conslsting of a dual set of low pressure
compressors capable of supplylng nir at 150 pounds per sguare
inech.

{3) High-pressure alr banks contuining alr at approximately
2,500 pounds per square inch.

The high-pressure air banks are usually carried as an emergency
air supply but may be used for deep-sea diving where the condl-
tions are such that the air supplied by the 400-pound capacity com-
pressors I8 Inadeguate. In special cases such as the final blowing
of pontoons and watertight compartments in the raising of sub-
marines, compressed air 1s also furnished by the attendant vessels.
All submarines possess high-pressore nir banks and eapecially lend
themelves as a reserve air supply. A disgrammatle sketch of a
typlcal layout of the diving alr and salvage alr supply is shown
on plate 101,

The alr supply to divers must be at the correct pressure and
temperature and muost be free of carbon dioxide or other undesira-
ble Impurlties. It must not contaln excess molsture, especially
when diving In cold water where such molsture may freeze In the
alr llnes and shut off the divers' air supply.

The excess moisture Is separated from the divers' air supply
by compressing and cooling of the alr to a point where the relative
humidity exceeds 100 percent, at which point the molsture con-
denses and Is drawn off. The alr is then expanded to the desired
diving pressure with the relative humidity decreasing sceordingly.
Further alr conditloning s often necessary by air heaters or alr
coolers as the cireumstances warrant. These units are usually
permanently installed in the divers' air supply line equipped with
bypasses to cut out each unit If that particular phase of alr con-
ditloning Is not deslred.
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The use of pontoons In salvage operations has led to the de-
velopment of the larger 3 compartment type pontoons. Originally
pontoons were constructed to glve a maximum 1ift of 60 tons
while the deadwelght of the empty pontoon was 35 tons. The later
types are approximately 32 feet long by 1214 feet In diameter
giving an B0-ton buoyancy 1ift from an empty deadweight of 35
tons: Pontoons are normally divided Into 3 watertight compart-
ments, each compartment having separate vent, flood, and alir
rellef valves. Each end compartment contalne a hawse pipe
through which the lifting chalns are pamsed and secured by
means of chain stoppers or wire rope stoppers. The controls to
each compartment are usually painted different colors to permit
easy ldentification and to avold confuslon when submerged.

A wood sheathing Ig placed around the eylindrical metal tank
to protect the tanks from Injury. When towing in rough weather,
the pontoons are very active In the sea due to thelr great buoyancy
and frequently erash together or agalnst other shapes with great
force. It i8 therefore imperative that great care should be taken
to protect the pontoons from excessive sheathing wear or from
puncture due to contact with sharp projections. A dlagrammatie
gketch, showing the piping, flooding, and blowing arrangements of
Navy standard pontoons with thelr lowering lines, ete.; Is shown
on plate 102,

Pontoons may be transported to the scene of salvage operations
by stowing on the deck of barges or other vessels or by towlng.

There are two kinds of underwater cutting outfits, namely,
oxygen-hydrogen torches and electrie are torches. The gas
torches have been found to possesa the hotter flame but the elec-
trie are torch, while slower, I8 more adaptable and dependable for
underwater use in that it will cut all commerclal metals and ad-
justment 18 pot necessary after descending under the surface.
The oxygen-hydrogen torches will not cut nonferrous metals and
adjustment must be made to control the length of the cutting
flame which in turn is dependent upon the external pressure or
depth of water.

Oxygen, supplled to the tip of the electric are torch, serves to
increase the flame temperature and to form a gas bubble in which
the arc burme, The apparatus can be adjuxted at the surfoce
prior to the descent of the diver. No further adjustment {8 nee-
egsary after submersion regardless of the depth of the water In
which the cutting Ie to be done. Underwater electric arc cutting
usually requires up to 300 amps at 50 to 60 volts across the are.
The oxygen I8 supplied at approximately 60 pounds per square
inch In excess of the pressure at the depth at which the diver is
working. A sketch of the Navy type oxy-hydrogen underwater
cutting torch I8 shown on plate 103,

For underwater work the Navy uses electrie are welding. Cur-
rent I8 supplled preferably by a 200- or 300-ampere commercial
welding set at approximately 185 amps and 35 volts across the
are, but the B60-kllowatt generator, such as that used with the
underwater cutting torches, may be used, when modified, for weld-
Ing operations. Surface electric arc sets can be cooverted to
underwater work by uslng an insulated electrode, electrode
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holders, and the cable desigued for use with the electrie under-
water cutting torch, The electrodes should never be burned to
less than 1% Inches of length as the heéat would damage the rub-
ber cover of the holder thereby serionsly handicapping replace-

ment of new electrodes.

A new underwater cutting toreh Is belng procured and supplied

This toreh I8 of the are oxygen type
hnving a chuck head permitting ready renewal of electrodes, The

to the fleet at this time.

electrodes are hollow-coated steel rods.

ncilon mixtore.

This conting Is a lime
The outfit cun be operated from the standard

F0-ampere weldlng machine, and s muech mere efficlent thon any
method previously nsed.  Detalled instructlons are supplied with

each outfit,

Divers should wear a supplementary face plece or goggles
whenever performing cutting or welding. The face-piece guard
obstructs the diver's view and therefore must be removed, neces-
sitating the replacement of the ordinary face-plece with a non-
shatterable glass facepiece. Care should be taken In checking
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the bevel of the faceplece frame with the enrvature of the non-
ghatterable glass to prevent cracking on Installation.

After all cutting or welding operations, the diver's exhaust
valve should be overbauled and thoroughly cleaped to remove
minute particles which frequently deposit on the exhaust channel
or valve seat,

Velocity power tools should be especlally adapted to under-
water use and to any other type of work where the operator is
phiysically restricted. Of specinl value In salvage operations is
the eable entter and the power driver, The other velocity power
tools are the pipe bonder, rivet expander, rivet remover, and
wire rope bonder. All velocity power tools derive thelr actuat-
ing force from powder cartridges similar to rifle cartridges ex-

FPrate 104, —Velocity power plpe bonding press.

cept that the eartridge contains only the powder. The velocity
projectile or moving part is an integral part of the tool. Plates
104, 105, and 106 show the pipe bonder, power driver, and cable
culter tools,

The velocity power driver 18 wseful in guickly attaching stee]
plates by driving studs in the base and by ihdserting the plate
over the studs throogh holes previously punched in the plate
by the driver. The plate can then be securely attached to the
buse by nuts after which welding may be accomplished If a more
permanent attachment |8 desired. In addition to driving stods
aod punching holes, the driver ean be used for rivet removing
by chunging the type of projectile hend,

The velocity power cable cotter is capable of cutting wire
citble up to 1 Inch dianmeter. Characterisilc of many of thesge
tools, the cabile cutter can funetion on the surface or under water,

The pipe press is used for bonding or coupling steel, Iron, brass,
oF copper plpes together without the use of threaded connectlons
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Prate 105.—Velocity power driver.

ranging in sizes from %-lnch plpe to 1-inch pipe. A plain cou-
pling of an internal dlameter slightly larger than the external
dinmeter of the pipe to be coupled is slipped over the ends of the
plpes and the pipe press Is placed in operating position. On
firing the blank cartridge, the coupling is compressed over the
pipe to the extent that the coupled fitting can withstand an in-
ternal hydrostatic pressure of at least 4,000 pounds per square
inch, The pipe press is designed for surface work only,

The wire rope press s similar In priociple to the pipe press
except that the former is osed to attach fittings (eyes, conplings,
ete,) to wire rope, The completed attachment 18 capable of
withstanding forces equal to at least 85 percent of the breaking
strength of the rope. Similar to the plpe press, the wire rope
press s deslgned for sarface work only.

Prate 108 —Veloclty power cable culter.
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The rivet remover s similar to the driver except that attach-
ments are provided for exactly centering the apparatus over
the rivet to be removedl. This doviee is eapable of removing
eountersunk, buttonhead, and panhead rivets in sizes from 8
inch to 1 inch from foabricated steel structures. The perform-
anece s rapid and complete and no diffculty Is experienced in
removing the driving unit from the hole and preparing for the
next operation. This unit s designed for surface work only.

The rivet expander can be used for surface or underwater
work operating equally well In either cagse. The principle of
operation s simlilar to the driver except that the projectile is
u small tapered pin which is fired into the head of the rivet,
tending to inerense the diameter of the head and upper body
approximately (.03 inch.

Detalled Instructions in the operation, eare, and mainlenance
are furnished with each velocity power tool.

The purpose of the wuashing nozzle and lance is to create a
tonnel or passage under the submarine through which are reeved
the large lifting chalns that are attached to the pontoons. Water
under greal pressure is supplied to the nozzle or lance where [t
Is directed at the bottom at great velocity, The foree of the waler
stream dislodges the mud and silt and the flow of waler from
the nozzle carries it clear of the washing operation.

Prato 107.—Washing nogzle—Falcon type,
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The washing noszles similar to the type shown ln plate 107
wers used in the 8-51 and the 8-} submarine salvages but were
found unsatisfactory for tunneiling purposes during the Squalus
salvage due Lo the character of the bottom In which the submarine
was partially imbedded.

During the Sgualus salvage, a lance was developed conslsting
of & washing noxzle attached to lengths of curved 1%-Inch plpes
joined by ordinary pipe unlons. An attempt was made to force
the lunce under and around the submarine. The orlglnal lance
wus not satlsfactory as It was nearly impossible to retaln correct
allnement by using the ordinary pipe unlons and It was also diffi-
eult for the diver to make unlon between the sections. After the
lance passed the keel of the submarine, the washing water tended
to escape on the far side, permlitting silt and mud to settle around
the lance and prevent further advancement. After the first
unsucceasful attempt the lance gshown In plate 108 was developed
which ellmipated the deficiencies of the original type. The lance
was made up of self-allning telescopie joints with four backwardly
directed holes every 4 feet of length to provide reactlon jeta to
assist in advancing the lance and to keep the lance cleared of
mud and sllt. A fire hose was connected to the rear end of the
lance for the high-pressure water supply and the lance was forced
goder and around the submaripe, with divers attaching addl-
tional pections when necessary. After the noxzle of the lauce
appenred on the opposite gide of the submarine, a small steel rod
wag passed through the lance to which a wire rope was attached.
Progressively larger wire ropes were rove through the lance, and
the lifting chalne were eventually pulled under the submarine
after the lance had been disassembled and removed.

The use of thls type of lance Is restricted to bottoms of mud or
sand and eannot be used on rocky or gravelly bottoms.

Submarine rescue vessels carry an allowance of one of the
above lances. In the event of an emergency the lance can be con-
structed as outlined in C. & R. drawing No. 385240, a copy of which
is carried on board. The diameter of curvature of the lance s
dependent upon the type of submarine and the longitudinal loca-
tion on the submarine for the lifting chains, The construction
of the lance |a relatively simple and any navy yard can construct
same In 4B hours after receipt of plans.

Cement guns are used to seal hatches or other openings with a
cement which pormally hardens in approximately 24 hours. The
gun is composed of a large steel cylinder having a cement outlet
hose on the bottom and an alr Inlet hose on top and ls further
equipped with small petcocks In the cylinder wall to ascertain the
level of the cement In the gun. The cement ia forced from the gun
by compressed alr and |2 Jed to the desired location through a
sultable length of hose. In sealing underwater spaces It Is neces-
sury to have this sealing space suitably protected by canvas or
other materlal to prevent water currents, ete., from washing the
cement aAway as soon as It Is deposited. It Is further necessary
to use the cement soon after it is mixed and to clean out the gun
and hose thoroughly as soon as possible after using. In forcing
the cement through the hose, care should be taken not to deplete
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the entire cement supply a8 air will then rush through the hose
with such force as to displace the cement from the sealing space.
A cement gun of this type is ghown on plate 109,

SECTION IIL NOTABLE SALVAGES

The F-j sunk in 300 feet of water off Honolulu on March 25,
1015, doring normal operations. The canse of the sinking was
never definitely ascertained. Salvage operations were begun im-
mediantely npon locating the wreck and the submarine was soon

PraTe 10 —Cement gun.

60024 —40—17F

Balvage of
the F-i.
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moved Into shallow water (40 feet) by sweeping wires under the
bow and stern and lifting by the use of winches installed on scows.
Six pontoons were then constructed to provide the lifting foree In
the last stage. These pontoons were 32 feet in length by 11 feet In
diameter weighing 35 tons and giving a lifting force of approxi-
mately 80 tons when completely submerged and entlrely free of
water. The pontoons were submerged, three on each side of the
vessel, connected In opposite pairs by two chains swung under-
neath the F-§. When everything was In readiness, the pontoons
were blown clear of water by compressed alr thua causing approx-
imately 380 tons of lifting force to be exerted on the F-§, rniging
her to the surface where she was towed to drydeck. No internal
buoyancy was utllized either In the first stage In moving to shallow
water or In the second stage In ralsing to the surface,

The salvage of the F-§ is one of the most noteworthy salvage
undertakings ever conducted. Diving to depths of 300 feet was
theretofore unheard of and the actual salvaging of a vessel from
such a depth was considered impossible, Undaunted by the appar-
ently unsurmountable hazards, the United States Navy force
tackled the problem with a grim determination that eventually
spelied success after 4 months of exhaunsting efforts, in spite of
many disheartening reverses from wind, weather, and tide, and
insufficient material both In quality and quantity. The diviog
record of 804 feet stood for many years ns the deepest depth ever
attained by man uslng regular diving equipment.

The F-§ was of approximately 275 tons displacement carrying
a crew of 21 officers and men at the time of the disnster. All
hands were lost as there were no rescue devices provided for such
purposes at that date.

The 5-51 was acting as a surface vessel on Saptember 25, 1025,
off Block Island when rammed by the steamship City of Rome. All
ventllation valves and ducts were open as the submarine was
uavigating on the Diesel engines, und consequently pearly all or
all of the main compartments were Immediately flooded causing
the 85I to sink In 132 feet of water, Salvage operations com-
menced on Uctober 14, 1925, extending throughout the winter and
spring with Intermittent delays and suspension of operations due
to rough water and cold weather, The S-51 was fiunlly ralsed on
July 5, 1926, and towed to New York harbor where she went
aground on Man of War Itock. The 8-531 was refloated & few days
Iater and finally came to rest In drydock at the New York Navy
Yard on July 8, 1528,

The ralsing of the §-5/ was accomplished by using poutoons ta
provide external buoyancy and the dewatering of all available
compartments of the submarine to provide Internal buoyancy.
The charueter of the bottom necessitated the use of washing
nozzles to tunnel under the §-51, thus creating an opening through
which the pontoon lifting chains were passed under the wreck.
The basle principles of this method of salvage are described under
the Salvage of the U. 8. 8. Sgualus.

The 8-31 had a submerged displuacement of approximately 1,230
tons and was operating with a crew of 38 offlcers and men at the
time of the disaster, Four men who were on watch In the conoing
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tower were thrown overboard by the colllslon and six escaped
from the submarine through the conning tower hatch as the vessel
wasa glnking, but only three of the latter were eventually plcked
up and saved,

The 8-4 was emerging to the surface off Provincetown, Mass,,
on Baturday December 17, 1827, when struck by the U. 8. Coast
Guard Cutter Poulding. The submarine rolled to port npon colll-
sion aod sank In 102 feet of water. Heacue operations began at
ouce but were forced to terminate December 24, 1927, when no fur-
ther gigns of llfe were percelved. Balvage operations were com-
menced lmmediately with the U, 8. 8. Faleon serving as the sal-
vage and diving vessel. The method of ralsing was practically the
game as that used in salvaging the §-51. The §—§ was finally
ralsed on March 17, 1927, and then towed to the Boston Navy
Yard for reconditioning.

The 8-4 had a submerged displacement of approxlmately 1,080
tona. None of the 40 officers and men on board at the time of the
colllalon were saved.

The U. 8. 8. Squalys was on bullders’ diving triala off Ports-
mouth, N, H.,, on May 23, 1839, when an emergency dive was
attempted. The indicator panel signified that all valves and
openings affecting the watertlght integrity of the hull were
closed and that In all ether respects the submarine was In fall
preparedness for ithe dive. However, upon submerging, water
entered the main ventllation duct through the main engine out-
board Induction valve and entered the four after compartments
throogh the hnll velves controlling the alr inlet to these com-
partments. None of these valves could be closed against the
inrosh of water and the submarine immedlately sank stern first
In 240 feet of water. All personnel {(28) In the after four com-
pariments were immediately drowned and the 33 men in the
control room and forward battery and torpedo room were trapped
In the sunken submarine,

Huspiclons of disaster were aronsed when radlo communlea-
tlon could not be established with the Squalus at o time when
her dive should heve been completed. The commandant of the
Portsmonth Navy Yord immediately ordered the U. B. 8. Sculpin
to conduct a search and further ordered the U. 8. 8. Falcon to
stand by prepared for resrcue operations.

The Sculpin soon located a red smoke bomb lodlcatlng the
presence of the sunken submarine and telephone communication
was soon established through the marker buoy. Telephone cowm-
munication was broken off due to the parting of the cable but
the conditions In the Sgualus bhad already been ascertalned and
rescue nperations commenced Immediately.,

Of first concern was the saving of the personnel trapped in
the forward compartments of the Squalus, after veriflcation of
the assumption that all persons In the flooded four after com-
partments had perished, Communlcation with the Sgqualus bad
indicated that sufficient oxygen and 'O: absorbent wns available
on board to permit rescuoe operations by the use of the reseue
chamber. The downhaul cable was attached to the escape hatch
by a diver and the first trip was soon completed bringlng seven
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persons to the surfoce.  All went well until the fourth and last
trip when the downhanl cable jammed and the occupants were
forced to remain submerged for 4 hours until the eable was cleared.
The suecess of the rescue chamber was amply demonsirated in
saving nll entrapped personnel at this excessive depth.

With rescue operations terminated, salvage operations com-
menced Immediately and continued diligently day and night until
completed. The Falcon was designated as the salvage and diving
vessel and other vessels were assigned as attendant vessels,

Examinations by divers revealed that the four compartments
aft were totally flooded and that the forward three compartinents
were nearly empty of water, The Squalus had a trlm of approxi-
mately 10° by the stern with the after part nearly buried in mud.

Many salvage plans were considered and finally o pontooning
arrangement similar to that shown in plate 110 was agreed upon.

Prare 110 —8alvage of 11, 8. B, Squalus—arrangement of pontoons.

The forward poenteon chains and eables were swept onder the
bow nnd abaft the bow planes while the stern chains and wires
were reeved under the stern by the use of the lance. The first
lance proved unsuecessful but the improved lance made a suc-
cessful turn under the huoll and permitted the passage of a
small flexible steel wire to which were nttached wires of in-
creasing dinmeters, and fAnally the pontoon chaing were reeved
through after the lnnee had been dizsassembled,

Pontoons were lowered nnd secursd, alr hoses attached, and
sulvage ai= lines attached to the sobmarine's ballast and foel
tanks. The ficst attempt to ralse the submarine proved unsoe-
cegaful us insufficient pontoons were placed ot the upper level.
Thiz caused the bow to rise to the surface and allowed air to
escupe from the ballust tanks, The excesslve angle permitted
sufficient reflooding which destroyed the positive buoynney and
resulted In the bow agaln settling to the bottom. Rearrange-
ment of pontoons to agree with the first position shown In plate
111 proved satisfoctory, and on August 12 the stern was raised
until the wpper pontoons broke surface after which further
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PFrate 111.—8alvage of U, 5. 8 Sgualws—arrangement of pontoons.

blowing of tanks and forward pontoons caused the bow pontoon
to surface, The vessel was then towed stern first to shallower
water where she grounded at a depth of 180 feet aft and 180
feet forward. The pontoons were rearranged as indicated by
the second position in plate 112 and a second 1ift was successful
by the same process, followed by towing to shallower water
where the Squalus grounded in 92 feet of water. After several
unsuceessful attempts to raise by using loternal buoyancy alone,
two pontoons were attached longitudinally parallel to the hull at
the stern and two at the bow as close to the Squalus as practl-
cable, The maln outboard air induction valve was clofed and
all compartments and pontoons blown free of water causing the
final raising of the vessel and subsequent towlng to the Ports-

mouth Navy Yard where she was drydocked on September 15, 1939,

_jj_*—'—_—;

I'tare 112 —Salvage of U1, 8, 8, Syualvs—arrangement of pontoons,
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Bix hundred and forty dives had been conducted durlng rescue
aud salvage operations at the Sgualus without loss of life or seri-
ous Injury, 302 of which were In depths exceeding 200 feet. Alr
alone was used ag the respiratory gas durlog rescue operations,
but oxygen-helium mixtores proved Indispensable In the sal-
vage operationg.

Notable advances In rescue and salvage gear were the success-
ful rescue of all entrapped personnel’ by the use of the rescue bell,
the development of the lance, the use of multilevel pontoon ar-
rangement, and the success of oxygen-helium mixtures In deep
diving.

?::'5:' Kb The U. 8. 8. Omahe was proceeding to the Charleston Navy
Yurd for overhaul at approximately 15 knots when she grounded
upon Castle Island Reef, Britlsh West Indies, during the darkness
of the morning of July 19, 1837T.

Prior to grounding, the Omahn had a mean draft of approxl-
mately 1614 feet, corresponding to about 9,000 tons displacement.
After grounding, the forward draft was T feet and the after draft

S HEAD 354"

w £

5
"‘?p g
’ ~.
4
e
W.EH
= -
S R - WD
S S — AN —

— -log*
*-—mmm_::’:: —

——
MUMBFRS ON GENTERLINE OF THE OMAMA INDIGATE THE APPROXIMATE DEPTH IN ——
FATHOMS AT EACH RESPECTIVE LOCATION.

Prate 113. —Arrangement of sralvage gpear used on salvage of U, 8, B. Omaha.
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was 174 feet, corresponding to a displacement of about 6,450
tons and signifying that the Omahs was grounded by a welght
equal to about 2,650 tons,

The reef was a slightly sloplng ledge of white coral which
dropped off sharply to 100 fathoms at about 2 ships’ lengths abaft
the stern. The forward half of the vessel was in contact with the
reef, the Impact having erushed the forward bottom up a slight
smount but without any serlous fiooding.

Repeated attempts were made to float the vessel by sallying
ship and by the use of beach gear after stores, ammunition, fuel,
etc.,, had been removed by barges and lighters, but all early
attempis proved of no avall.

Additional welghts were removed untll approximately 1,850
tons had been removed leaving an estimated negative buoyancy
of approximately 1,000 tons. On July 28 another attempt was
made using elght beach gear laid out astern coupled with the tow-
ing force of four vessels astern. During the straln, destrovers
raced by pear the stern creating a wave motlon capable of rolling
the Onpehe and thue asaisting In setting her in motion. The com-
bined force resulted lo moving the vessel a distance of approxi-
mately 25 feet on the first pull and later in the day an additional
distance of 40 feet was attained, On July 28, similar operations
regulted In the floating of the Omaha exactly 10 days after
grounding.

After taking on foel and supplles the Omaha proceeded under
her own power to Norfolk where she wae drydocked and recon-
ditioned.

Plate 113 indicates the arrangement and the number of salvage
gear used.
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GLOSSARY OF TERMS

Alveolar air—The air contalned In the somewhat enlarged ter-
minal sections of the broncheoles whose walls are beset with air
cells, through which the gaseous exchange In the alr and blood
take place (see Trachea).

Aphasia.—Total or partlal loss of the use of or understanding
of language, the vocal cords remalining Intact. Any of the qualities
or varleties of communication may be affected, both spoken and
written. It results from Injury or disease of the braln.,

Arteriosclerosis.—Abnormal thickenlng and bardenlng of the
walla of the arterles, especlally of the intima (Innermost coat),
occurring naturally in old age.

Artificial respiration—Induced I.'Eﬂ-pcl.rntlm by artificial means
as with the Schaffer method.

AspAyzia.—Apparent death or suspended un!mtlun. in living
organlsms duoe to deficlency of oxygen or an excess of carbon
dioxide In the blood, as interruption of respiration from suffoca-
tion or drowning, or from Inhalation of irrespirable gases,

Cadsson.—A watertight box or chamber within which submarine
construction I8 carried on under alr pressure to keep out the
water. The diving sult may be llkened to a calsson.

Copillary.—A minute, thin-walled wvessel, as the smallest
lymphatle and biliary vessels; especially one of the minute blood
vessels (the smallest barely permitting the passage of the blood
corpuscles) which form networks In nearly all parts of the body.
They are contlnuous with the minute branches of the arteries and
with those of the veins, and are In most parts of the body the only
communication between the arteries and velns. Caplliarles con-
siat of a single layer of endothellal eells. Through these walls the
tissmes absorb the nutriment and oxygen from the blood and
discharge thelr waste Into It.

Central nervous sysiem.—That part of the nervous system to
which the sensory impulses are transmitted and from which the
motor Impulses pass out; In vertebrates, the spinal cord and
brain.

Cerebral.—0Of or pertaining to the cerebrum, or hemispheres of
the braln.

Compression.—Subjection of workmen to compressed alr.

Concomitant.—That which accompanles, or is collaterally con-
nected with, another ; an accompaniment.

Decompression.—Release of excess alr pressure from a work-
man, as, for example, In an alr lock on returning to the outside alr
from a calsson under compressed alr.

Dermatitis. —Inflammation of the derma or true skin.
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Diminution.—Reduction in size, quantity, or degree; reduction.

Dysprea.—Dificult or painful breathing.

Eardrum —The tympanum or tympanic membrane of the ear.

Ecchymoris.—A livlid or black and blue spot produced by the
extravasations or effusion of blood Into the alveolar tissue.

Emboliam.—The occluslon of a blood vessel by an embolus.
Embollsm In the brain often produces sodden unconsclousness
and paralysis.

Embolus—A plug brought by the blood current and lodged
In a blood vessel so as to obstruct the circulation. It conslsta
usually of a clot of fibrin, a shred of 1 morbid growth, a globule
of fat, air bubbles, or a micro-organlsm.

Epiphysis.—A part or process of 8 bone which ossifies separately
and subsequently becomes ankylosed to the main part of the bone.
In the higher vertebrates the ends of long bones of the limbs are
formed In this way, and In man In pome cases do not unite with
the diaphysis, or shaft of the bone, until about the twentleth
yEar.

Erythema.—A morbld redness of the skin of many varieties
due to congestion of the caplllaries ; rose red rash.

Ezigency.—Urgent or exacting want ; pressing necessity; a case
demanding Immediate actlon.

Eustachian tube.—A channel of communication between the
tympanic cavity of the ear and the pharynx. Tn man the Bustachi-
an tobes are about 114 inches long, with walls of bone, cartllage,
and fibrous tissue. They open Into the upper back part of the
pharynx, each slde of the median line, and serve to equallze the
alr pregsure on both sides of the tympanic membrane.

Extremity.—A llmb of the body, s the arm or leg.

Erudate—Exuded matter,

Ezrude.—To discharge through pores or Inclsions, as molsture or
other liquids; to give out.

Gastric.—Of or pertalning to the stomach.

Heat conduction.—Heat may be conveyed by conduction as along
an lron rod ; by convectlon as through the rooms of a house by air
carrents; or by radlation, as from the sun to the earth.

Hemiplegia.—A paralysls that affects one side only of the body.

Inferior extremitica—Lower limbs, Incloding thigh, leg, and
foot.

I'nodorous—Emltting no smell ; scentless: odorless.

Irrespirable—Unfit for respiratlon; not respirable (8o as to
sustain ]ife). .

Irritant.—Any agent by which irritation or Inflammatlon 1s
produced, as a chemleal or mechanical Irritant,

Labyrinth.—The Internal ear or its bony or membranous part,
g0 called from its complex structure.

Larynz.—The modiflied upper part of the trachea. In man It is
the organ of volce. The framework of the human larynx consists
of nine cartilages controlled by numerous muscles. The largest
cartilage, the thyrold, ia V-shaped in horlzontal section, Its point
making the protubeérance on the front of the neck, known as Adam's
apple.
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Legion.—A hurt; an lojury; any morbid change in exercise of
function or texture of organs,

Liter—A measure of capacity In the metric system, being a
cubie decimeter equal to 61.022 cubie Inches, or 1.0567 U. 8. liguid
quarts.

Monoplegia.—A paralysls affecting a single limb or part of the
body.

Moribund.—In a dying state: near death.

Motor.—Deslgnating or pertalning to a nerve or nerve flber,
which passes from a ganglion or from the central nervons system
to A muscle and by the impulse {motor impulse) which It transmits
causes movement. The term is often loosely applled to an efferent
nerve as opposed to a sensory or afferent nerve.

Noziows.—Hurtful ; hormful; painful; destructlve; unwhole-
some.

Paralysis.—Abolitlon of function, whether complete or partial;
especially the loss of the power of veluntary motlon or of sensa-
tion In any part of the body ; palsy.

Paroplegic.—Paralysls In the lower half of the body on both
gldes. Usually due to disense of the splnal cord.

Partial pressure of o gas—The pressure of any individual gas
In a mixture of gases. It Is the same as that which the gns wonld
exert were |t confined alone In the space occupled by the mixture ;
called also Dalton's law.

Patulousncss,—Btate of belng open.

Pharyne —The part of the allmentary canal between the cavity

- of the month and the esophagus (gullet). In man It is a conical

musculo membranous tube about 414 Inches long, continuons above
with the mouth and nasal passages, communicating through the
Eustachlan tubes with the ears, extending downward past the
opening In the larynx, where It |s continuous with the esophagus,

Phlegmatic—8luggish ; not easlly excited ; cool ; calm ; composed.

Physics.—That branch of sclence deallng with the materlal
world ; natural philosophy. With the growth of sclence varlous
paris of this field, as biology, chemistry, astronomy, and geology,
gradually were excluded. Now physles 18 usually held to comprise
the closely related sclences of mechanics, heat, electricity, llght,
and sound, and to deal only with those phenomena of Inanimate
matters involving no changes In chemical composition. Motion
Iz the most general and fundamental of all such phenomena, and
physeles is sometimes defined as the sclence of matter and motlon,

Pneumonia.—Inflammation of the lunge ILobar involvement
of a lobe or lobes (large areas). Bronche or catarrhal involve-
ment of lobules or small arens. General; invelvement of both
lungs In their entirety.

Ponderable—Cnapable of belpg welghed; having appreclable
welght.

Potassium hydrate.—A white deliguescent solid KEOH, dissolving
with much heat, In less than Its weight of water, forming a
sirongly alkaline and caustic llguid; eanstic potash. It absorbs
curbon dioxide from the atmosphere,

Prognosia—Act or art of foretelling course and termination of
n disease ; nlso, the outlook afforded by this.
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Pyelitis,—Inflammation of the pelvis or the kidoey.

Recompression—To subject a8 workman to compression after
belng decompressed.

Recumbenl.—Reclining, lylng, 88 & recumbent posture.

Respiration—Act or process of breathing; Inspiration and
expiration ; the drawing of air Into the lungs for oxygenating and
purifylng the blood, and Its subsequent exhalation. The term
deslgnates both a single Insplration with the followlng explration,
and the cootinued repetitlon of these acts, which constitutes
breathing. In ordinary inspiration the muscles chlefly used are
the diapbhragm, which enlarges the capacity of the chest by
becoming flatter ns It contracts and pressing down the abdomioal
viscera, and Lhe external Intercostals, levatores costarum, and
others which ralse the ribs. Expiratlon, unless forced, takes place
chlefly by the return of the parts to thelr natural position of rest,
Bot a small part of the total air In the lungs s replaced in an
ordinary resplration,

Sensory—0Of or pertaining to the sensorlum or sensatlon, as
sensory Impulses; especially applied to nerves and perve fibers
carrying to a nerve center impulses resulting in sensation; also
sometimes loosely used in the sense of afferent, to Indicate perve
fibers conveylng any lmpressions to a nerve center. Of the nature
of sengatlon; pertaining to sense. (See Motor.)

Bolution.—The act or process by which a substance, whether
solid, ligquld, or gaseous, s absorbed into and homogeneously
mixed with another liquid substance; also, the resulting llquid
product. Any homogeoeous mixture (osually llguid), the com-
posltion of which can undergo contlnuous varlation within cer-
taln limlta; sometimes called physical mixture. Also, the act or
process by which soch mixture is produced.

Bpecific gravily.—The ratio of the welght of any volume of a
substance to the welght of an equal volume of some other sub-
rtance taken as the standard unit; relative density ; this standard
is nsunlly water for solids and liquids, and air for gases. Thus,
19, the specific gravity of gold, expresses the fact that, bulk for
bulk, gold Is nineteen times as heavy as water. In the case of
guses, usually the welghts of equal volumes at 0* centigrade and
760 mm. are compared.

Specific heal.—The ratlo of the gquantity of heat required to
riise the temperature of a body I° to that required to ralse an
equal mass of water to 1°, Also, the heat in calorles required to
ralse the temperature of 1 gram of a substance 1° centigrade.

Stagpers.—A cerebral and spinal disease, attended by reeling,
unsteady galt, or sudden falling.

Subculaneous—Situnted beneath the skin,

Tendon.—A tough cord or band of dense, white fibrous
connectlve tissue uniting a muscle with some other part and
transmitting the force which the muscle exerts ; a sinew. Tendons,
except In the largest, are very sparingly or not at all supplied
with perves or blood vessels, and are continuous with the con-
pective tissue sheaths of the muscle and, when Inserted Into &
bone, with the perlosteum of the bone.
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. Tetenic.—Having the character of tetanus. This condition of
wuscle, this fuslon of a number of simple spasms into an apparent
smooth contlnued effort is known as tetanus, or tetanle contrac-
tion.

Tissue.—An aggregate of cells together with thelr intercellular
substance, forming one of the structural materials out of which
the body of a plant or an animal I8 built up.

Trochea—Windpipe; In vertebrates, the maln trunk of the
system of tubes by which alr passes to and from the lungs; in
man It is about 4 inches long and somewhat less than an Inch
In dlameter, and extends down the front of the neck from the
larynx, bifurcating to form the bronchl. It has walls of flbrous
end muscular tissue, stiffened by Incomplete cartilaginous rings,
which keep it from collapsing, and Is lined with mucous membrane,
whose eplithellumls composed of columnar clliated and mucos-
secreting cells. The bronchl divides Into bronchloles, which con-
tinue to divide and subdivide.

Tubercular.—0Of or pertalning to tuberculosla; an infections
disease, the exclting cause of which I8 the tubercle bacillus and
which ia characterized by the production of tubercles; specifically,
this disease when seated In the lungs; pulmonary phthisis, or
consumption,

T'ympanites—A distension of the abdomen; due to air or gas
accumulating In the intestinal tract or peritoneal cavity.

Vertigo.—Dlzziness, or swimming of the head; an affection of
the head In which objects, though atatlonary, appear to move in
various directlons, and the person affected finds it difficnlt to
maintaln an erect posture. It resnlts from changes in the
blood supply to the brain and often precedes mttacks of epilepsy
or cercbral hemorrhage,
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