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FOREWORD 

The material in this bookj based on the latest and 
most authentic references available ~ has been compiled 
and published by the Training Office of the Puget Sound 
Navy Yardo It is to be used primarily in vocational 
training of civilian divers, second class , and as a ref­
erence for standards for requalifying men with a diverts 
classification now employed in the Yard and for enl i sted 
personnel being qualified as diversj second class o 

In the absence of a test that completely covers 
Navy standard equipment and operations, this material · 
has been brought together under one cover and the sources 
of authority are: the Bureau of Navigation Manual ; 
Bureau of Construction and Repair ~ Diving Manual ~ 1924; 
Bureau of Constru~tion and Repair 9 Submarine Safety, 
Respiration, and Rescue Devices, 1938; ~dvanced Mine 
School Course for Divers, Second Class , Charleston Navy 
Yard; · letters fromj and information compiled by Deep-Sea 
Diving Schoolj Navy Yard, Washington , Do Coj and Bureau 
of Construction and Repair Manual, and Sea Power, 
magazine of the Navy League of the UnitedStates o 

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

Although new techniques and methods have been de­
veloped for diving operationsj a diver must still take · 
all possible precautions in his work v THERE IS NO SUB­
STITUTE FOR SAFETYo 

~~AA 
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CHAPTER I 

So you want to be a deep-sea diver? 

Contrary to public opinion, the dangers and thrills 
of diving are not what they are popularly supposed to beo 
Even such perils as the "bends," the "squeezej" or carbon 
dioxide-oxygen poisoning are being eliminated through 
training and supervisiono But the one .implacable enemy 
of the diver, the enemy more deadly than all the sharks 
and octopuses in all the oceans, is the lead=weight pres­
sure of the water in which he works o It is a sleepless 
enemy, waiting only tor a momentfs carelessness to crush 
its victimo With his modern equipment the diver can easily 
match its strength, but he can never conquer ito The 
pressure is always there, waiting o And when he enters 
into its territory, he does so under an armed truce; his 
weapons are the diving suit he wears and the schooling he 
has received at diving schoolo 

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

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

You will see a large gray-painted cylinder, eighteen 
feet long and six feet wide 9 with room inside for eight 
students and an instructor o Stepping through the entrance 
hatch, you first pass through a small outer lock, then in­
to the main lock where you find benches along either side 
and an impressive array of valves and dials overheado 

While you are examining the dials, the instructor 
enters and dogs down both hatches behind himo He phones 
or knocks once with a mallet against the steel sides of 
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the chamber, as a signal to those outside that everything 
is in readiness, and then reaches overhead to open a valveo 

After you hear the hiss of compressed air, the needle 
of the pressure gauge moves slowly upward to J 9 4, and 5 
poundso The temperature begins to rise and you perspireo 
You wonder Lr you will be able ''to take it o" The needle 
goes on--6, 8, 10 pounds--enough pressure so that your 
ears feel cloggedo The instructor tells you to swallow. 
You do, and your ears "open up" with a popo 

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

When the needle stood at 2, the pressure did not seem 
to be strongo In fact, it was scarcely noticeableo Yet 
at two pounds of pressure to the square inch, all of you 
men inside the chamber could not have opened the entrance 
hatch so much as a fraction of an incho To budge it you 
would have had to exert a pull equal to the weight of the 
ton of air pressing against ito Now you are beginning to 
learn what the word ''pressure" means c 

At last the needle touches 400 Your throat is dry 
from swallowing to open your ears and you feel a little 
peculiar, but you have passed your first test with flying colorso 

The instructor raps his mallet against the outside 
wall~ three tapso The hiss of the air dies down for a 
moment till the instructor opens another valve

9 
then starts 

up againo But now the air is "bleeding" out and the pres­
sure needle is falling rapidlyo As it drops, moisture in 
the air condenseso The glass in the deadlights of the 
chamber fogs up; the air grows misty and chillyo 

Eight More Minutes To Go 

At figure 10 the pressure needle halts for what seems 
like a long wait, perhaps three minutes, Then it drops 
swiftly to the figure 5 and pauses there for five more 
minutes before dropping to zero o The hatch, which could 
not have been budged a few moments earlier swings onen 
easily on well-oiled hinges now that the n~edle ;tands on 
the zero mark, and you follow the instructor out of the 

chamber feeling considerably elated by the knowledge that 
you have withstood the co::npresslon about which you have 
heard such fearsome tales--tales of hew it makes ink 
squirt fr0m fountain pens, breaks closed bottles, and 
causes men to become tei,-.porar ily "slaphnppy 0" You suspect 
that these toles were n7q~~eratea, and 7ru bo~in to lose 
your rear of ~ressureo 

Soon, you lnern that to withstand a 40-pound pres­
sure in a liehted chamber in company •vith a f;roup nf 
others is one thing; to be un~erwater alone and confined 
in a diving helmet, dependent for your Jife on the watch­
fulness of t~e men who are pumping air down to you and 
handling your life-line, iD sonethine else aeaino 

Your firnt dive will be in twelve feet of watero 
v 0 n will make it in 'full "regalia""" After you have be­
come thorou~hly accustomed to wearine your diving dress 
.s.nd movin3 about in it under water, you will dive as deep 
q3 ninety feeto 

In t'rennr'!t Jon for your first tri, tc the "bet ton" 
~cu pullLa ~air cf hBnvv woolen ti?hts over your regular 
underwear an~ ~ear hcav~ wool socki on your feeta These 
will not only keep you warm but will also prevent chaf­
in~ from tho stiff diving dresso 

Next you put on the diving dr~ss which is composed 
of c layer of India rubber between two loyAJS of heavy 
t\'1111 cloth o HelpeT g lac <1 up th~ ba.c.L:~ of th8 1~~~ of' 
·our divln~ outfit to prevent th= air pressure fro~ ffl!k­

~n2 the~ "balloon" outj since too much buoyancy in the 
le~ would topp] e you overo Then ?OU put on your shoes. 
sored with lead and copperj they weig~ seventeen and a 
half pounds eacho A six-inch belt 11 _·..,eig-hten wi:h oblor1e 
lead sluss and weighing 8J pounds, 1s strapped tiround your 
waist and a heavy leather harness is placed over your 
shoulders The harness has a leather strap that posses 
under you; crotch and buckles in fronto Its purpose is 
-to keep the helmet from floating off your heado 

You are now carrying 136 pounds of equipment and are 
ready :for the breastplate and 54-_pound helmeto You step 
over to the diving ladder and descend a step or twoo 

Safety Line Prevents Accidents 

A safety line is ~Astened to you to preve~t 3~Y sue~ 
accident as befell a commercial diver who, f0rt,ett.1ng th: ,t I 
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his helmet was not onp stepped o~f the ladder and n arly 
drowned before he coul d be rescued~ 

The helmet is q ickly screwed on and you hear ~he 
click of the sarety keyj designed to keep the helme from 
coming unscrewed· accidentallyo Now there remains only 
the ~aceplate to b closed before you are entirely sealed 
ino But first you test your telephones air valves and 
other instruments to make sure everythl~g is working prop 
erlyo When everything has been cheokedj the faceplat e is 
closed and the safety line taken o~fv You are ready t or 
the descento 

You go down slo ly and give yourself plenty of time 
to get accustomed to everythingo In your nose is t he 
smell ot metal polish and o~ rubber, against your ear­
drums beats a oont~nuous noisep the hiss ot air comi ng 
into your helmet~ the roaring as it escapes through the 
tiny openings of the xhaust vaJ.ve

0 

at You descend a other rung~ then anotheri and you l ook 
your surroundings curiouslyo It is as it a piece ot 

very fine gauze hung over the ~ront of your helm.et B t 
even though there is this distortion you oan still se! 
the run8S of the ladder◊ 9 

On your first dive you will be down in only twelve 
reet or watero Bu~ as oon as you b come fully accus­
tomed to your new outfit and feel at ease on the bottom 
you will go to great rand greater deptbsv 

t b The inet ruotor is holding a stop=watoh in his hand 
• 0 e sure that you do not stay down long enough ·to et 
P[essure happy~" for it you are ninety re t down tfe 
~ rr ~!11 be pressing against every square inch ~r your 

v ng ress with a ight of forty pounds and onl the 
;ount~r=presaure of the air inside your suit keeps :ou 

rom eing crushed 0 As a res t~ your senses soon be ­
come dulled 0 You lo e some or your normal et.ticiency-

• Simple tasks become more strenuous and you have trouble 
coordinating your movements

0 

us i ng~i!!r~n{ wleks o~·study, ot worksh~p training in 
de th 00 8 ~ an ot diving practice at lesser 
wafers ~ b~! :}l~hbe given assignments to carry out under­
hydrogen toroho ese assigtlDlents will be to use an oxr-

= 4 = 

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

But the instructor's voice comes over the phone 9 

saying, "On the bottomo Go to work o" After adjusting 
the valve on the torch, you signal for the igniter cur­
rent to be turned ono Cautiously you strike the arco 
Hydrogen bubbles out around the carbon tips of the ig­
nitero A blue=white arc flashes, the torch is lighted, 
the flame incredibly blossoms into beingo You touch the 
flame to metal and watch the metal curlo It is actually 
melting--underwatert Of course you know that the air jet 
creates a bubble about the flame which prevents the water 
from extinguishing it, but still there is something mag­
ical about it o 

Other tools you must learn to use underwater are the 
hammer and chisel 9 the sledgei hacksaw~ and air hammer. 
And you must learn to calk, patch, and weld o In addi­
tion you will learn to fasten loose pilingj inspect ship 
bottoos and propellers, rig pontoons, and retrieve lost 
articleso You will also learn how tc do flange work, 
how to excavatej and how to fit pipes under watero 
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CH.APTER II 

Qualifications of Divers, Signals Used, 
Dressing and Tending 

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

(Article D-5327, Bureau of' Navigation Manual)o 

D-5327. QUALIFIED DIVERS _ (CoBoNoMo 3) 
; 

(1) Qualified divers are divided into three classes: 
(a) Master Diverso 
(b) Divers» first classo 
(c) Divers, second olasso 

(2) Master divers are the most competent leading 
diverso They will be designated "Master Divers" by the 
Bureau of Navigationo Any diver, first class, may be 
recommended by his commanding orf'icer to the Bureau of 
Navigation for the des ignation of "master diver'' who -

(a) Has served at least one year with the 
designation of "Diverj first classo" 

(b) Meets the following requirements: 
(l} Has qualifications of diver, first 

classo 
(2) Averages 3c5 in efficiency in diving 

and as leader of' men during the pre­
ceding yearo 

(3) Is ablej while on the bottom, to di­
rect two or more divers in their 
taskso 

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

(5) Understands all types of air compres­
sors habitually used in diving oper­
ations 0 

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

(7) Understands the principles of Boyle's, 
Charles 9 s~ and Dalton's laws and the 
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{8) 

(9) 

(10) 

(11) 

theory or saturation and desaturation 
of body f'luids .and tissues o 
Understands the different forms of 
caisson disease and treatments required 
and the conditions under which oxygen 
poisoning occurs c 
Has a thorough knowledge of the eff'ects 
of such poisonous gases as may be en-
countered in diving upon the respiratory 
system and is familiar with approved 
methods of treatment o 
Understands the various factors which 
contribute to the contraction and 
severity of caisson disease» and from 
the basic principles of decompression 
laid down in the Diving Manual is able 
to devise proper recompression and de­
compression tables for the treatment of 
caisson disease o 
Is recommended by the faculty of the 
deep=sea divers 9 schoolp Navy Yard, 
Washington~ Do Co~ for master diver 
designation o 

(3) Divers first classp trained~ qualifiedj and 
designated at th~ deep=sea diving school~ Washington, 
D c must have the following qualif'ications: 0 0

' (a) ~ualifications of' a diver~ second class 0 

(b) Must have completed satisfactorily the 
course at the deep=sea diving school, 
Washington~ De C o 

(o) Be able to withstand pressures equal to 
200 feet of' water o 

(d) Be able to dive and accomplish work to 
depths of 150 feet of water o 

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

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

(g) Understand in det~il the operation and 
care of' the machinery and apparatus re­
quired ror underwater cuttingo 

(h} Be able to compute the pressures or gases 
required to satisfactorily operate t c 
gas underv1ater cutting torch at various 
depths o 

(1) Know the dangers that are associated with 
the use of auch gases o 

(J) Know underwater seamanship and how to sling 
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and lift heavy weightso 
(k) Know how to wash and reeve lines and to 

sweep wires and chains under submerged 
objectso 

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

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

(n) Know how to ventilate compartments of sub­
merged vessels and make them habitableo 

(1) Be able to recognize the symptoms of cais­
son diseaseo 

(4) Divers 9 second class 9 may be trained
9 

qualified
9 

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

(a) Be physically qualified in accordance with 
the manual of the Medical Departmentc 

(b} Understand the care 9 preservation and use 
of all equipment 9 such as pumps

9 
hose

9 
helmets 9 suits~ etc o 

(c) Know how to test out 9 repair 9 and adjust 
all equipment 9 such as hose 9 pumps

9 
dresses

9 
helmets 9 breastplates 9 valves 9 etcv

9 
and 

determine whether they are safe for use .. 
(d) Understand the use of and be able to use 

storage compressed air and air supplied 
from power-driven compressorso 

{e) Be expert in dressing and tending a diver
0 

(f) Know the diving signals thoroughlyc 
(g) Be thoroughly familiar with the theory and 

practice of decompression and have a de­
tailed knowledge of the decompression table 
and how to use ito 

(h) Understand resuscitation and first aid 
(i) Be familiar with the contents of the 

0 

Diving Manualo 
(j) Have knowledge of the physics of diving

0 

{k) Know the methods employed in recovering 
objects from the bottom and the precautions 
to be used in recovering such objects as a 
charged air flask or a torpedoo 

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

(m) Be able to equip a boat for diving
0 
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( n) 

(o) 

( p) 

( qJ 

( r) 

Be able to anchor a.diving boat in wind and 
tideo 
Be able to rema.in at depths of 30 feet for 
at least 1 hour 9 60 reet ror at least 30 
minutes~ 90 feet for at least 20 minutesj 
and make actual progress along the bottom 
simulating searching :ror obJectso 
Be able to estimate an underwater situation 
and give an i~telligent description of the 
sameo 
Be able to care ror and operate the Navy 
standard oxygen breathing apparatu~o 
Be able to assist a diver 9 first class, in 
depths up to 90 feeto 

(5) Only master divers and divers~ first class, will 
be permitted to dive to depths greater than 90 feet, ex­
cept at the deep=sea diving school at Washingt_on 9 Do Co jl 

for requalitication 1 and in emergenciesj of which the 
senior officer present shall be the judgeo 

(6) In the selection and training of men for divers~ 
commanding officers and examining boards shall be guided 
strictly by the Navy Regulationsj the Diving Manual or 
the Medical Department~ and current instructiono 

(7) No man shall be allowed to dive until he has 
been given the physical examination outlined in the Man­
ual ot the Medical Departmento 

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

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

Depth in reet: Time 
150 to 168------------15 minutes 
168 to 250---c~--==- -=--10 minutes 

If the designation should lapse, an entry to this 
effect will be made in the service recordo A man whose 
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designation has so lapsed shall not be permitted to dive 
again until. requalified, except for requalification or 
in emergencies, of which the senior officer present shall 
be the judgeo This requalification may be made at the 
nearest ship or station which is equipped with personnel 
and equipment to safely conduct same in accordance with 
subparagraph (3), provided that the designation has not 
lapsed continuously for more than one yearo If more than 
one year, permission to requaliry must be obtained from 
the Bureau of Navigatlon, which will designate the _place 
where requalification will be madeo 

No man shall be redesignated a master diver except 
by the Bureau of Navigationo No man shall be redesig­
nated a diver, first class, except by the Bureau of 
Navigation or the deep-sea diving school Washington 
Do Co ' I 

(10) The designation of any diver, second class 
will lapse upon the expiration of 6 months trom date'o~ 
last qualification, if during these 6 months he has not 
made 4 dives in water, each dive to a depth between 60 
and 90 teet 1 and remain under water, from the surface to 
the beginning of the ascent» 20 minutes. 

• P:TRA COMPENSA;TION ALLOWED DIVERS OF ALL CLASSES 

Article D-5326(3), Buo Navo Manualo 

An enlisted man, who is designated a master diver 
a diver, first class, or a diver 9 second class, in ac-' 
cordance with article D-5327, shall receive pay, in ad­
dition to the pay and allowances of his rating and se~v­
ice, in accordance with the act approved April 9 1928 
as follows: 9 

P 

(a) Master divers 9 $20 per month as long as desig­
nated as such and detailed or assigned to the 
duty of diving; plus 5 cents per foot of total 
depth for dives over 120 feet

9 
or equivalent 

~ressurej but not to exceed $10 per month; plus 
,4 per hour for each hour or fraction thereof 
while employed in diving in actual salvage 
operations in depths over 90 feet 

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

( d) 

of while employed in diving in actual salvage 
operations in depths over 90 feeto 
Divers, second class, $10 per month as long as 
designated as such and detailed or assi~ned to 
the duty of diving; plus $5 an hour for~cach 
hour or fraction thereof while employed in diving 
in actual salvage operations in depths over 90 
feet in emergencies, as provided for in article 
D-5324{5)0 This extra pay will accrue to divers, 
second class, only when regularly attached to a 
ship or station to which divers, second class, 
are authorized by the Bureau of Navigation cir­
cular lettero The number of such divers, second 
class, drawing this extra pay must not exceed 
the number of divers, second class, authorized for 
the particular ship or stationo Divers, second 
class, while employed in diving in actual salvage 
operations in depths over 90 feet in emergencies, 
will receive $5 an hour for each hour or fraction 
thereof while so employed without application of 
the above restrictionso 
The following men shall, in addition to the extra 
compensation authorized by (aJ, (b), and (c) of 
this paragraph receive such additional compensa­
tion as shall bring the total extra compensation 
to $30 per montho 
lo Divers, any class, assigned to duty with 

Experimental Diving Unit, Navy Yard, 
7/ashington, Do Co 

2Q Divers, any class, or qualified submarine 
men, assigned to duty in connection with 
the submarine escape training tanks at the 
submarine bases, New London, Conno, and 
Pearl narbor, To Ho, not to exceed five men 
at each of the above training tankso 

SIGNALS FROM TENDER TO DIVER 

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

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

3-Puulso Stand by to come upo 
4-Pullso Come upo 
2-1 Pullso I understand you; or answer the telephone. 
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SIGNALS FROM THE DIVER TO THE TENDER 

1-Pullo I am all righto 
2-Pullso Lower, or give me slacko 
3-Pullso Take up my slacko 
4-Pullso Haul me upo 
2=1 Pullso I understand; or answer the telephoneo 

1-PulL, 
2=Pullso 
3-Pullso 
4-Pullso 

3-2 Pullso 
4-3 Pullso 

SE.ARCHING SIGNALS 

Stop and search where you areo 
Go straight aheado 
Go to your righto 
Go to your lei'to 

More airo 
Less airo 

AIR SIGNALS 

EMERGENCY SIGNALS 

2-2-2 Pullso 

J-3-3 Pullso 
4-4-4 Pullso 

I am fouled and need the assistance or 
another divero 
I am fouled but can clear myselfo 
Haul me Upo 

SPECIAL SIGNALS FROM THE DIVER 

2-1-2 Pullso Send me a slateo 
ti\'hen the tender receives this signal he 

will answer it with 2-1-2 and stop off a slate on the 
lifeline and air hose; when this is done he will give 
the diver 1 Pullo The diver will haul d~wn until he gets 
t~e slate; he then gives the tender 1 Pullo When the 
diver has used the slatej he gives the tender J Pulls• 
and the tender hauls up the slack until he gets 1 Puli 
from the diver 9 which will signify that enough slack has 
been hauled upo 

1-2-J Pullso Send me a square marko 
When the tender receives this signal he 

w;11 answer it with 1-2-J Pullso He then stops orr'a 
piece or .bunting on the life line and air hose about ten 
feet from water 9 s edge; when this is done, the same rou­
tine is carried out as £or sending down a slateo 

5 Pullso Send me a lineo 

- 12 -

NOTE: 

All signals will be answered as they are received 
between tender and divero When answering or giving sig­
nals, all slack shall be taken up in lifeline and air 
hose until diver can be felt before signal is giTeno '!'he 
proper method tor giving a signal is to use a gentle, 
distinct pullo 

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

DRESSING AND TENDING 

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

The diver si~s on -a stool near the ladder or stage9 
The tenders assist him to pull the dress over his legso 
When his feet are in the dress, he stands up and puts .his 
arms into the sleeveso The tenders pull the dress over 
his hands and lift it over the shoulderso The diver then 
pulls the crotch of the dress up as tar as possible when 
the tenders· lace the legso If the dress has auffs, the 
diver should dip his hands in soapsuds before placing his 
arms in the sleeves so that his hands will slide into the 
cuffs 0 It -may be necessary to use cuff expanders to get 
the cuffs over the diver's hands. 

Each tender puts on a shoej with the diver either 
standing or sittingo The buckles or the shoes should 
face outwardo The shoes are laced tightly and laces 
buckled under the strapso 

With the diver seated, one tender places the breast­
plate pad .on the shoulders and pulls the bib up over it 
while the other tender slips the breastplate over the 
diver's head~ The collar is pulled up over the breast­
plate. in front and then the holes are slipped over the 
studs starting in the middle of the back and working 
along'both sides to ~he fronto The diver assists by 
raising both arms 0 To prevent cutting the dress, copper 
washers are slipped over the studs where the Joints in 
the b-reastplat·e straps · comeo Then put the straps on, 
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being careful to place each in its proper positiono 
Flanged nuts are put on the studs at the strap joints, a 
thin nut on the long stud for the control valve link at 
the lower part or the left front strap, plain nuts on all 
other studso The nuts in the middle of the straps are 
set up with T wrenches f 5.rst; then the nuts over the strap 
joints are set upo One tender then tests all nuts with 
the wrench, finally removing the nut tor the control valve 
linko Vfuile working on the breastplate, one tender grasps 
the breastplate just under the diver 9 s chin to protect 
the divervs raceo Then he puts on the wrist straps if 
gloves are being usedo 

The tenders cross the belt shoulder straps and each 
takes one end or the belt and the middle of a shoulder 
strap. They place the belt against the diver 9 s abdomen 
and lead the shoulder straps over the diver's shoulderso 
The shoulder straps cross above the lower front stud of 
the breastplate, pass outside of the top stud on each 
shoulder, cross again above the lowest stu.d in the back, 
and buckle to the belt in the rearo The loop in the Jock 
strap is slipped over the belt ·in the rear and the belt 
buckledo 

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

A lire line is placed about the diver's body and be­
layed conveniently by a tender to prevent the diver fall­
ing overboardo The other tender grasps the breastplate 
under the diver 9 s chin and assists him to the laddero 
The diver climbs down the ladder until his head is in a 
convenient position for putting on the helmeto The pumps 
should then be started if diYing from hand pumpso 

The faceplate or the helmet should be closed loosely 
whenever the helmet is handledo To pick up the helmet, 
clear the lifeline and air hose~ lead lifeline over the 
left port and the air hose over the right port to the 
front of the helmeto Then lift the helmet by the side 
ports, holding the lireline and hose in placeo One tender 
slips the helmet over the diver 9 s head from the front and 
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screws the helmet tight~ while the other tender holds 
the breastplate steady on the diver 0 s shouldersQ As soon 
as the helmet is on, he opens the raceplateo The helmet 
is locked on with a gate over the tum,blero The cotter pin 
through the gate should be spread sutficiently to prevent 
its working outo The lifeline is dipped under the divervs 
right arm and fastened on the right front or the breast­
plateo The air hose is dipped under the diver's left armo 
The control alve link bracket is slipped over the lower 
left stud on the breastplate and bolted on tight with the 
bracket extending straight out over the edge of the breast­
plate

0 
The hose is then fastened on the left front of the 

breastplateo 

As soon as the helmet is on, the diver should test 
his telephoneo He should also test his air supply as 
soon as the control valve is rigged in placeo When the 
diver indicates that he is readyj the faceplate is closed 
tightly and the diver is given the signal to enter the 
water by two taps on the top or his helmeto 

After the diver enters the water» he is held just 
below the surrace for · a few seconds to insure that his 
equipment is working properlyo When he is ready to de­
scend, he gives the signal and the tender allows him to 
go downo 

In tending- a diver» keep the slack out of his life­
line and air hose, but avoid pulling on hilno During the 
descent give him line as he takes itj being prepared to 
hold h~ 1r he stops, or to pull him up it he so signals. 
Be prepared to catch and hold him it he fallso The tend­
er next to the rail should keep careful watch or the 
diver and his bubbles, and he should make all signals. 
At least one other tender should hold on to the lifeline 
and air hose to back up the tirst tendero 

Tenders must keep themselves in position to pull on 
the lifeline and air hose instantly and therefore should 
stand·inside the rail where they can brace themselveso 
Where the rail is wide or high, it may be necessary tor 
the tender next to the rail to sit straddle of it in 
order to see the diver 0 He should always keep his leg 
locked under the inside of the rail and his outside foot 
braced 80 that he is in position to ~ake as much strain 
as possible without danger of being Jerked overboard~ 

All signals must be answered with the same signal to 
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indicate that the signal has been received and is under­
stoodo The telephone is a very valuable means of com­
munication, but pulls on the lif'eline and air hose are 
the primary means of' communicationo Signals on the life­
line and air hose should always be given in addition to 
the word passed on the telep_honeo 

Transmit signals on the lifeline and air hose care­
fullyo A heavy jerk may bang the diver 9 s head or face 
against the helmet, pull him about cause him · to lose his 
hold, or throw him off balanceo I~ hauling a diver to 
the surface~ start him up slowlyo A sudden upward pull 
might cause him to blow up, since the air in his dress 
will expand as his depth decreases

0 

When the diver blows up, take in the slack as quickly 
as possible, deflate t~e dress by closing the control 
valve and by opening ~ne exhaust valve if necessary then 
send him back down at once ir he is all rignt

0 
rt is 

necessary to take in his slack immediately because if the 
dress should burst, or the diver manage to deflate his 
dress, he will drop and get a squeezeo In blowing up 
the diver will frequently break his Jock strap or los~ a 
shoe 0 Ir he breaks the Jock strap, the helmet and breast­
plate Will be forced over his heado If he loses a shoe 
he may be forced to ,..;remain head down in the water in ' 
which position he will drown if there is any wate; in the dresso 

Keep kinks and turns out of the lifeline and air 
hose° Flake them down in figures of eight as the slack 
c~me~iin and keep everything clearo Avoid chafing or 
P no ng the life line and air hoseo The attention of 
t~e tenders must be concentrated on the diver and they 
~ ~~id not be distracted from watching the di;er and his 
_u ~~ and tending his lireline and air hose by perform­
ingi O er duties 0 Other men in the vicinity must be 
qu et and avoid interfering with the tenderso 

Lacko! bubbles coming from the diver or a sudden 
;;~:e quantity o~ air ooming up may indioate something' 

. g with .the divero Under such circumstances it is 
i~op~r to !xohange signals to ascertain whether or not 
the ver s all right 0 It no answer is received give 

e emergency signal and haul him up
0 

' 

1 :xcept in an emergency, do not haul the diver up un-
~~st e answers the signal to come upo He may be fouled 

an ° pull on him may make the situation worse
0 
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Always give the diver the decompression required by 
the standard decompression tableo . If he has been working 
hard under wateri or if the conditions under which he has 
been diving have been adverse~ regard the time underwater 
as being increased proportionally and decompress him ao­
cordinglyo If the diver has been under pressure previ­
ously during the same day, his decomp~ession should be 
for the total time under pressure for that dayo 

A diving stage~ a boatswainQs chairi or a bowline 
should be provided for the diver to sit or stand on at 
the first decompression stopo It may have to be weighted 
to make it sink and should be shackled to the descending 
line so that it can be run up and down the line; while 
the diver is being decompressedj the lireline and air 
hose must be tended carefully and with practically no 
slack in order to catch him if he should lose his hold 
or fallo 

When the diver comes up the ladder a convenient 
distance, put the lifeline around him and secure ito 
Open the faceplate; then cast loose the lifeline, air 
hose, and control valve from the breastplate, and dip 
them out from under the diver 9 s arms, one at a timeo 
Remove the helmet and assist the diver to the stoolo Re­
move the lifeline and snappers if they are used and then 
unfasten the jock strap and remove the belto Remove the 
shoes and wrist straps if they are usedo Unbolt the 
breastplate and remove by pulling collar over the studs 
in front and then off the other studsj working along both 
sides together to the baoko Remove the pad and unlace 
the legs of the dresso Pull the diver 9 s arms from the 
sleeves of the dress before removing the dress from the 
diver 9 s shoulderso One tender then stands behind the 
diver, passes his arms around the diver 0 s body and holds 
him while the other tender pulls the dress off his legso 

Where it is necessary to decompress the diver in a 
recompression chamber, only the helmetp beltj and shoes 
are removed as quickly as possible and the diver rushed 
into the chambero 

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

1
to prevent his fallingo The stage must be 
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t kept level and should not be permitted to bump against 
the side or anything else» since the diver may be thrown 
and injured» at least to the extent of wrenched muscles 
and bruises o 

DIVING 

The diver himself should observe all the deteils of 
the operations performed by the tenders who dress him 
and check their work in order to assure himself that he 
is properly dressed and assistedo 

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

As soon as the helmet is placed on the breastplate, 
test the air supply by opening the air control valveo 
The pumps should be started before the helmet is put on 
if diving from pumpso Before tne faceplate is closed, 
test the telephone by talking ~o tha telephone tender and 
having him replyo 

Close the exhaust valve all the way and then open it 
3 timeso This should give proper ventilation at all depthso 

When the faceplate is closedj crack the air contra) 
valve to ventilate the dress slightlyo While the face­
plate is closed, never shut orr the air control valve 
tightlyo If the exhaust valve is a trifle stiffj the 
dress may inflate so much that the diver 9 s movements are 
hampered, in which case ne presses the chin valve as 
~1ch as necessary ~o exhaust the excess airo 

The control val v·e is operated with the left hand o 
To have m~re air come to youj turn the valve toward youi 
to take excess air away t·rom youj turn the valve e.way 
from YOUo "Afore air - to me" less air =- away O" Never 
clos~ the control valve completelyo 

Two taps on the helmet tell the diver to enter the wat ero 

As his body is lowered into the water, the diver 
Will notice that his dress is pressed tightly againsc 
his body by the weight c~ the water o When th6 water 
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level reaches the helmetj the diver will find it dirfi­
cult to breathe because he must expand his ribs against 
the water pressure around his chesto It he then opens 
the control valve to increase the air pressure in his 
helmet until it equals the water pressure at the depth 
of his lower ribs he will be able to breathe easily and 
normally because the air pressure in his lungs will be 
equal to the water pressure around his chesto The upper 
portion of his dress will then be inflated just enough 
to buoy the weight of the breastplat~» helmetj and belt 
off his shoulderso If the dress is inflated too muchj 
the resulting excess buoyancy will make it very difficult 
for the diver to handle himself underwater and may cause 
him to float to the surfaceo 

When the control valve is not opened far enough, the 
breastplate will press down on the shoulders and the 
dress will press on the ribsj making it difficult to 
breathe 0 If the air pressure in the helmet.falls below 
the water pressure the water pressure on his body may 
force a little blo~d from the divervs ears and noseo 
This is a common occurrence with inexperienced diverso 
The lack of sufficient buoyancy in the dress will force 
the diver to carry more of the weight of his ~quipment, 
tiring him out quicklyo The lack o~ air flo~ing_through 
his helmet will also cause insufficient ventilation. 

Arter entering the water, the diver should stop for 
a minute or two with his helmet just b~low the surface 
and check his equipment o He should adJust his air con­
trol valve so that the dress is sufficiently inflated to 
just take the weight of the helmet and breastplate off 
his shoulders 0 This adjustment of the control valve with 
the helmet exhaust valve open J turns should give sufficient 
ventilation at all depthso 

When the diver is satisfied that he is ready and 
has given the signal to descend, he grips the c~ntrol valve 
with his left hand and slides down the line, adJusting -his 
air supply with his left hand as ~e descendso He should 
avoid swinging around the descending line»_thus getting 
turns of his lifeline and air hose around ito 

It is desirable to get to the bottom as quickly as 
ossible 0 More time is then available to do the work on 

~he bottom and the decompression time is shortenedo The 
speed of descent is controlled by clinging to the descend-
ing line. 
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Speed of descent should be controlled by the diver 
at all timeso For various reasons it may be necessary to 
slow up the descent or even to stop on the descending 
lineo The air supply may not increase quickly enough to 
keep up with a too rapid increase in the dressj the diver 
may have trouble clearing his ears and sinuses he may 
become dizzy, an obstruction may be encountered, and the 
danger or a fall is always presento Going down too fast 
will cause dizziness and if a diver arrives on the bottom 
in that condition, he can do nothing efficiently until 
his reactions are again normal. The deeper the depth 
the longer it will take for the dizziness to wear off: 

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

0 

_The ~iver should always endeavor to keep his sense 
of directiono Observation of the light the current 
objects in the vicinity, the tend of hi~ lifeline and air 
hos?, the slope and characteristics of the bottom, the 
position of his descending weight and circling line w~11 
helpo -

0 Keeping the lifeline and air hose clear at all times 
will prevent foulingo By remembering his movements on 
the b~ttom, the diver can frequently readily clear him­
selr if he should becom~ foulo The most comm.en instances 
of fouling are due to getting turns of the lifelit0 a~d 
air hose around the descending line the lifeline and 
hose of another diver, or the decompression stage

0 

Under heavy exertion, 3 turnsv opening on the ex­
haust valve may not prove sufficient ventilation Under 
~~ch conditions, the diver may find it desirable

0

to open 
·~ exhaust val~e more a~d increase his air supply ac-

~~l~ingly 0 ~ diver working in other than an uprieht po-
aiti~n may find it nece~sary to decrease the amount of 
;r in his dress 0 T? c~?se the control valve too much 

will_r~duce :he ve?tilation in the helmetu Under such 
~o~~:!~~n&, uhe e:xnaust valv-€1 should be opeted .more than 

to The spit cock serves two purposeso It can be opened 
d suppleme~t t~e.exhaust valve in releasing air from the 
aress 0 By inclining the helmet so that the spit cock is 

own, thus slightly building up the air in the dress 
water can be blown out of: the heL.11et when the cock i~ 
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openedo 

Lack of ventilation will be manifested by fogging of 
the windows in the helmet and by the diver tirins easily 
and breathing heavllyo 

A leak in a dress below the helmet is not normally 
seriouso The diver may find it uncomfortable, but as 
long as he can keep the water out of the helmet by keep­
ing upright~ he is in no dangero - At any time that a 
diver finds it impossible to get uprightj such as from 
loss of a shoe, he should come upo • 

Next to a fall, a diver is endangered most by blow­
ing up. Under such circumstances, he comes to the sur­
face with no decompression. As his dress inflates, the 
diver's arms and legs will be extended rigidly by the 
dress so that he is unable to help himselfo The jock 
strap may carry away, shooting the helmet and breastplate 
over the diver's heado The shoes and belt may come off. 
If the dress bursts from the air pressure, the diver will 
drop to the bottom again, with an excellent chance of 
drowning or of being squeezedo Blowing up is most apt to 
occur when working either prone or in a strong currento 

A diver must practice the close regulation of his 
air supply and his buoyancy at every opp~rtunityo He 
must learn to avoid using more air than necessary; yet 
he must use enough to insure proper ventilationo Very 
expert divers can accomplish an amazing amount of work 
with a minimum of airo They can regulate it so that they 
can float on the side of a hullo 

In diving, go to the job as quickly as possible, get 
the work done rapidly, and take care of yourself. No one 
but the diver knows exactly what conditions are confront­
ing him so he can depend on no one but himselfo 

After landing on the bottom, the diver should remain 
at the descending line for a moment to regulate his air 
supplv to ~et · his bearings, and to accustom hiffiself to 
the p~~ssur; in case he has become at all dizzy during 
the descent 0 Some men have a tendency to become dizzy 
during the descent, others at certain depths, and a few 
men grow gradually dizzy after they are on the bottom. 

A diver should conserve his strength and avoid get­
ting into difficulties by maki~g all his movements delib­
erate

0 
By planning each move in advance, he can accom-
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plish more work 1i0h greater safety to himselfo The div­
er should avoid g ttjn frightened or excited, since use­
less struggling 01 ru hing about wi l exhaust him and may 
make a bad situation worseo '~n at r.ht snot stop to 
rest, and try to i ure an easy way outo"~A diver ust 
first be sure of h is ow ability to do the work and to 
take care of himselfo Secondly, he must have confidence 
in the ability of his tenders to assist him. 

The control v al~e should never be closed tightly by 
the divero This v ulve has a rather coarse adjustment and 
should be opened or closed slowlya In diving from a han 
pump, the control valve may be left :fully opened" It 
~hould turn r ather sti~fly so that it will nov move easily 
if the hand-wheel rubs against an obj ct

0 

+ The exhaus: valve may beco~e fouled by silt so that 
iu does not operate prcperlya In this case

9 
use the sit 

cock as ~n exhaust valveo Chin valves of old type exhe st 
v:lves without the no~bow-up feat ure can be pushed only 
a.::i far o_pen as the ex_.taust valve is already open. 

If the air supply fails, the diver should close his 
exhaust (and spit cockp if open) and signal to be tek~n 
UP 0 There is enough air in the dress to supply his nee s 
ror at l ~ast ejght minuteso The safety valve will nrevent 
the air from leaving via the hose

0 
-

A diver having his li eline and air hose b dly rouled 
can be freed by having a second diver r move the ~o~Jed 
h?se from the rirst diver and connecting a clear hose +

0 ~ne control Valve of the f~rs t divero A manila lif 0 li vA 
18 tnen attached to the r~uled diver an hl 3 old lifell;e 
c1ut 0 It is, of course, bette1 for the s econd diver t o 
c ear the fouled diver if he can

0 

If tne he~met leaks, n0 ··,rater will en~er 11· the 
di;er can get in such a pos:tion that th leak is at t e 
lodest part of th helmet o :nth a broken faceplate the 
diver should lean over tor-ward or lie dowr:, so that't e 
air in his hel.n .. et will keep out tlle wat r 

0 

!! In di vin. g in shallov.r Vlater where there is 
d , v0-r•s '""O'11etir ~s fl d 1-4- no curr1 1t j 

- • A. .. • · - - n v easier to work ,,fi tn a "half-be.!. t. ,, 
which .,_ made by rem.ovin , some of the wel hts ro a 
r gulnr elt11 taking the ~ame number frori es.c side

0 

rot ~~f~
0

four ¥eights 0 ~ a 1 weic~t belt re removed as a 
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The diver should always carry a knifeo It is often 
valuable for cutting lines and the diver may need it to 
clear himself" 

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

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

TESTS AND CARE OF DIVING EQUIPMENT 
(Buo Co & Ro Manual, paragraph 3633)0 

All outfits of diving apparatus furnished to aves­
sel shall be kept ready for immediate useo 

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

All diving apparatus on board ship shall be criti­
cally inspected once each montho At.this inspection the 
efficiency of the di ing air pumps shall be proved and 
recorded in the ship 9 s diving log book; the amplifiers 
shall be tested by connecting the cables to batteries and 
helmets and talking over them; each outfit shall be in­
spected as to its completeness and serviceable condition, 
and the condition and quantity of the spare parts shall 
be looked aftero 

All diving apparatus, except spare parts, shall be 
inspected once e ach week for cleanliness, condition of 
stowage, etco In connection with this inspection, the 
diving air pumps shall be hove round several times; 
helmet valves, faceplates, and fittings looked after; 
amplifiers tested; diving dresses inspected for dampness, 
and aired; dirty woolenn washed anG dried; oil separators 
cleaned, if necessary, and the lufer filters washed in 
hot water and dried; diving knives and their cases, all 
tools and metal fittines cleaned and lightly oiled; diving 
shoes, belts, etcoj attended to; lengths of air hose that 
have been coupled together a long time shall be parted, the 
coupling threads lightly oiledj and the washers looked 
after; the interior of all chests cleaned of any oil, 
grease, or dirt and if the apparatus has been in use, the 
contents of each shall be checked over to see that thAy 
are completeo 

1~rhen it is 'known that the commanding off'ic6r is fl.bout. 
~o inspect the parts of the ship in which di vine appc:il:atus 
1s stowed, the apparatus shall be conveniently arranged 
for his inspection; all chests shall be unlocked, the 
covers opened, and men standing by to exhibit the contents 
as he may requireo 
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APPROXINJATE WEIGHT OF 
U , S o NAVY STM1DARD DIVING E~UIPMENT 

Weight of helmet-- - -- - - - ··· -- --- -- -- - - -- - - - - - --- ---= 
tleight of shoes (each) -- -- -·--~--- - =- =~ ~--- " -

Weight of belt-------- - ---------- - - -------- --= 
Weight of dress------- ---- - ~- - - -·~ =~- = - --o - •- --­

Weight of gea on d:iver---·- - --· - ~ - --., = ~~-= '""' =:~ ==•·- = ­

Height of 50 foot length of a i r hose -= ~n = •--- - ~ = 

Weight uer foot of l ifeline ~ senni t - - - =~==~-- =~ 
Weight per foot of li:feline )I rubber--- - =----- - ~ 
V/eight of Mark III j Navy Standard Pump-- - - =- - ­
Weight of Test Tank--------------- ---- --- - - - - ­
Telephone outfitj new style-- - ---- - - ------ - ---

54 
17½ 
83 
1si ,<;, 

190 
22 

600 
175 
110 

1 
¥ 
z 

" 
t, 

ft 

ft 

" 
t1 

tt 

ft 

CHARACTERISTICS ( OF 2-CYL o DOUBLE-ACTING AIR PillliPS) 

Ek. Type Bore 
in 
in 

StrokE CyloCap. Theor o Cis- Front 
in 1 rev ~ revs u tern door 
in s in for 

cu. l o5 cu 
inches :ft o at 

1 0 
atmos 

.~_,.J.,---~.....,._,,,_,_~~...-=--
LI--l--Tu--[o_r_s __ e~~J-7_/_8+__,.._,_6 ___ -t-2~7-7-o 7:--,~9:~c 33 l ow lovy Morse 

~ ---lt-,.--=·~--.i------- -

J - 2 Morse 4 

II Schra- 4 
der 

[I=I Schra- 4 
der 

[II Navy l., 1/2 
Stand ~ 

6 8 75 raised high 

6 8 0 75 ra i sed high 

405 6 4 Stand- Stand-
ard ard 

Of Connections and :fittings is 83 CU ~ in o Capacity h. h 43 cu in ., -:--.,.,. II T1.r.10d . 1 Q w_ ic are 0 except 1v1k " II anu lV.u.~ 0 ' 
1' V ' 
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Capacity of 50 ft -- length of hose :; 1/2" inside diam-
eter, is 117 CUo incheso 

Specifications for a new lvrk o III pump: 
80% efficient at 100 lbs v/sq o in u and 30 r op ,m~ 
Pu~p for 1 hour at 100 lbs ~/sq u in o and 30 r up.mo 

Efficiency in.per cent ~ 100 x Theoretical number 
revolutions to build 
up test ~ressure c 
Actual number revo­
lutions to build up 
test pressu e " 

Except in an emergency> diving to depths in excess 
of 72 ft o should not be attempted with a Mark hand pumpo 

Maximum practical speed for a hand pump is about 
JO r 0p omo This figure decreases as the depth increases o 

FORMULA FRQIIJ DIVING II/LA.NUAL 

Minimum Air Supply Required by Diver ., 

S ~ lo5 X {l f (F x 00303)) 
Sis the required minimum air supply measured in cu .:, 

ft o per minute at atmospheric pressureo 
F ~ depth in feet o 

Note ~ Pressure per foot depth in salt water is u445 = 
. ., OJOJ atmosphere o 14 o'i 

DIVER"S AIR SUPPLY FROM FLASKS: 

Allow 1 atmosphere from flask to charge volume tank, 
hose~ etc o -

Furnish 4o5 CU o ft o per min o air to each diver 0 
Keep a reserve of 200 lbsu sq v in u of 15 atmospheres 
over pressure at depth a 
Minimum.of 3 flasks to be used; one not to be used 
except in emergency a 
In depths over 120 ft o~ a stand by boat equipped with 
at least 3 flasks to be at hand o 
Duration of air supply in one flask~C(A-(15f Ef 1) 

4 o.5 D E f 1 C is capacity of one flask in CU u f C 

A is atmosphere 9 s excess pressure in air flask 0 
Dis number of diversv 
Eis atrnosphere vs E:Xcess pressure to which dive is 
made " 
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EFFICIENCY OF DIVING AIR PUMP 

CP 
R :: 14 c7 

T 

Per cent efficiency~ 100 R 
X 

Tis theoretical capacity of pump in cu v in _ per 
revolution o 
pis test pressure in lbs ~ per sq 0 in J gauge u 
C is capacity of test tank, air hose 7 and pump fit-
tings in cu ~ in ° • " 
R is theoretical number of revolutions required to 
charge test tan~ to P J 

Xis number of revolutions actually required to 
charge test tank to P ~ found by averaging results 
of at least 3 trials " 

OPERATION OF A PUI\P TO FURNISH MINI1~Tivi AIR SUPPLY 

R - 2592 
N 

X = 100 x Rx (1 f D x ( cOJO]j_l 
E 

Dis denth in feet ◊ 
Eis efficiency of pump , . 
N is capacity of air pump per revolution at atmos-
pheric ~ressure in CU a _in , . 
R is number of revolutions per minute required to 
furnish 1 5 cu L ft ~ per min .~ or 2592 cu _ in ~ per 
min _, > at atmos_pheric pressure. . 
xis number of revolutions per minute required to 
furnish l v5 CUo ft o per min . at D 

POWER-DRIVEN COMPRESSORS 

The air must be as pure as_pos~ible: . 
Use smallest quantity of 011 ~1th highest possible 

flash point to lubricate cyJinders J 
O 0 

Air supply must be adequate for a~reli~f diver: 
Auxiliary means of air supply mu~~ be ~~stantl) 
available in case compressor ~ails .i:;ither an 
accumulator of adequate capac1~y or a separately 
powered compressor must be availabl~ -

Sunulv each diver with 4 v5 cu ft _ air at a pres­
s~~euJO to 50 lbs ~ in excess of pressure at depth c 
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Power-driven compressors usually have the capacity 
stamped on the nameplate If not> it may be computed 
from cylinder dimensions and r p :, m e In multi stage com= 
pressors, the volume will be the capacity of first stage 
cylinders .. 

DEEP-SEA DIVING SCHOOL 
NAVY YARD !i WASHINGTON :1 D ~ C. 

PRECAUTIONS TC BE OBSERVED IN THE OPEftATION CF THE DIV­
I NG PUTvIP 1v1.ANUF ACTURED BY Ao SC.BRADER' S SON, INC . 

.. l 1·v11en the air pump is to be laid by or· lifted 
aooutj unscrew the nut beneath the name plate marked 
ff .. )TA m~i::- D.,.., ' ,.,.,OFF'' d d 

.w.ld.w ... , 1: Ai~ 1 an raw off the wate:r· rrom c:..stern to 
prevent corrosibn ~ 

2 o Should it become necessary to take any part of 
the air pump apart" care must be taken to replace the 
parts according to the marks o 

3. Use neatsfoot oil in the pistons (supplied by 
means of the pet cock on top of the cylinder cover). 
Care must be taken that this cock is kept closed after 
oiling '" 

. 4 , A 0 ~he bottom. valves can be examined or re­
paired by laying wing nuts

0 

B0 
• Remove the air chamber covers which are held 

by hexagon cap screws o 
~ - The suction and outlet valves can then be 

~er!loved vnth a monkey wr·ench c The operating parts of 
Doth ~alves are interchangeable o When the operating 
part is used on the suction valvej the brass sprino is 
reversed and a nut and pin added 0 

. 5 To ke~p the cylinders cool, water must be occa-
~ion7~lf supplied to the cistern '. which is done by pour­
ing i~ i~to the funnel on the babk of the pump box, with 
!he nam;;Plate marked on the door of the funnel nwater 
upply. The best results can be obtained fron the n1mo -

by Keeping the water at 60 degrees F. ~ -

. ? ,,__Ir the . air pump has been laid by and works hard 
pour in~v the cistern some warm vvater· which will warm ' 
the cylinders and soften the oil around the piston 

o 7 The cylinder covers must be removed when repair­
ing the packings or· plunger cups " .t::. .. "piston tool" accom-
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panies each outfit and is used in putting the piston back 
into the cylinder after repairing o. 

8v When the ai pump is required for two divers, 
the control lever should be placed to the left - hand side j 
marked "one cylinder " tt Vlhen one diver is to be supplied 
with air in deep water ~ the lever should be placed on the 
right-hand side marked 0 tv,o cylinders c- " 

9 0 Before starting to use the pump on a~y occasion? 
see that each and every bearing is properly oiled before 
star-ting; the oil cups on the main bearings and crank 
shaft bearings must also be inspected carefully before 
using the pump o 

10
0 

Vfuen the pump is to be laid by j the steel parts 
should be rubbed well with vaseline or other heavy oil 
to prevent rusting u 

11 0 The pump is so arranged that the oil whi~h tihs 
not absorbed by the various packings will gath~r in .e 
drain plate in the bottom of the pump box v This box is 
sunplied with a -special plug through whicl_l the oi~ should 
occasionally be drawn offv The top of this plug ~s so 
arranged that it can be entirely screwed out of tne p~ate v 
After drawing off the oil ~, be sure to scTew the plug in 
tight -· 

12 The pump should be started before the diver vs 
facepl~te is clo;ed . The speed of the pump should not 
be permitted to drop below the speed ~alculated to fuT ~ 
nish the minimum air supply for the diver v Keep the 
pump running until the diver is out of the ·Nater ,. 

13 v Make certain that all parts of the pump are 
tL~tht and can not come loose ~ The handles and flyv1heels 

0 

must be well secured v 

14 ., Keep all loose g~ar clear of the pump so that · 
it cannot foul the mechanism and stop the pump . 

15 .. 
is used u 
pwn.p o 

The nump must always be lashed down before it 
Tur~buckles are the best -means of securing tne 

NOTES ON PA.TCHING DIVING nn::ss Jj,ffi ATTACHING 
CUE'FS !~TD GLOVES 

t 1- cut a patch of the desired size To apply a pa c~ ~ 

I 
I I 

I 
II 



and shape from a piece of patch clothj rounding off all 
corners c Ilemove loose fabric or other material and old 
r~bber cement from the a~ea of the dress to be covered by 
tn~ patch c Use an abrasive, such as sandpaper, to roughen 
this area; then clean it with gasoline or carbon tetra­
chloride u Strip protective cloth from patch and clamo natch 
~lat to a board wit~ heads of thumb tacks in such a way-
~hat tacks do not pierce the patch o Apply at least three 
coats of rubber cement (Goodrich No ., 4 cement is recommend ­
ed).~o _bo~h dress and patch, allowing each coat to dry 
until it 1s tacky before applying the succeeding coat

0 

Use a brush and do not touch the cement wi tl1 fin '""!"">1•s 

1~n1en the last coat of' cement is d1·y enough )/ lay the ;atch 
on th! dress. and press it dovm f'irmly or tap vi th a wooden 
r:i:lle v/ worlnne; fr~m the center t o the edges to remove all 
air buobles and ·wrinkles () 

. T~ ~tt ar•h gloves . With_ the dress -r·ight side outj 
tightly place a wood en plug 1n the sleeve o Loosen the 
!ower part of the elbow patch and f'old i~ beck . I~asur­
~~g from the b<?ttom of the sleeve, IJrepare a 2 - 1/2" sur-
i a ce f?r patchin~. Cut off the gauntlet of the new glove 
a~ foliows~ Remove the heavy edge only for No

0 
J dr ss, 

<:ut off' l inch f'or No o 2 dress, cut off' 2 inches for 
~0° l dr~ss 0 Turn back l-J/4 inches of top of glove over 
tho outside of the gauntlet 0 Sli ';) the glove ave,. the 
~

1;~11 end of the wooden plug until it touches the s1 eeve ,. 
He .. ~ e the thumb of the glove lined up with the sleeve so 
~~at ~he glove hangs in tho natural position or the 
ai ve.r s hand O Roughen the turned dom1 portion of the 
ga~ntlet; then apply cement as f'or patching. Roll the 
~uine~-~~wn port~on_of the eauntlet up over the sleeve 
0 ?d pre ..... .;:) dovm ~1rnuy O Cut enough to encircle the sleeve 
and have the enus overlap 2 inches o Anply one strip 
evenly over the joint between the ~lov; and the sleeve 
a~~ replace the elbow patch a Turn°the sleeve~ ·ong side 
?ut and apply the other strip to the inside of the sleAve 
l~A

the sane manner 0 If possible~ the dress should not be 
~~-d for twenty-four hours to permit ths rubber cement to 
ary thoroughly .. 

To attach cufrs 0 Clean, and prepare the sleeve of 
the dr~s~ the same as f?r.gloves) but on the i~side ~ In 
otfer ,rordsj have the diving dress sleeve turned inside 
ou 0 ~roceed the same as for gloves except that cuffs 
are universal and there is no right or left hand

0 

Fa?tory- attached cuffs are also sewed on but it 
has been found that sew5ng is unnecessarv 0 nd a thrse­
cornered sail needle will cut the rubberM~n~ fabric · ;; 
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t he dresso 

If the rubber collar becomes torn, it should be vul­
~anized by an experienced mano Care should be exercised 
so as not to overheat when vulcanizing, as this will cause 
the rubber to deterioratea 

When applying cement to rubber, a thin coat is suf­
ficient, but it should be put on thick when used on the 
fabric since this material absorbs a great dealo 

Dresses are now issued with the collars already 
punched o Stud holes will almost never be torn out be­
cause of the exactness of the punching and the strength 
of the ridge added to the inside of the new style collaro 

In an emergency, torn collars may be repaired by 
sewing sides of tear with small herringbone stitches and 
applying rubber cement liberally. 

When a new dress is received 9 it is recommended that 
the sleeve lacing flaps be cut off close to the sleeve, 
teking care not to injure the material of the sleeveso 
Thes~ lacings are of no benefit and may interfere with 
the diver 9 s movements ◊ Since the crotch and the knees of 
the dress receive t he most wearP it is suggested hat 
additional patches b e placeJ. at the s e points on all ne,,v 
dresses. 

DIVER9 S AIR HOSE 

Extracts from Bu o Co & Ro letter, fil a L2/JJ-33119U~ 
6/19 of 20 May, 19370 

It will be noted from the s peo if icati0ns that b0fcre 
q , h. t the hose is accepted representati e samp_es a~e au Jn" -e 

to hydrostatic press~re tests of ljOOO poun.-=i e: P ~ sq·.J.e.re 
inch u The bursting pressure tests are not made n each 
length of hose 0 Even if the hose withstands SJC~ ~~~ s _ 
without bursting the strains set up weaken tr 0 ro P. an~ 
develop permanent defects which render i t unsa~e fur use 
as diving air hose o Present instruct~ons prnh~b!~ ~~ ~ _ . _ 
issue of diving air hose over ~h ee years old i~ r:J ~~~ ~1ve 
of whether the hose is in service or in store duri ~~ t his 
period, a gradual reduction in its initial strength is 
expected ., 

Attention is invited to the fact that Article 3611 
(1) of the Diving Manual does not direct that diving &ir 
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hose be retested with this pressure but merely states in 
effect that 1~200 pounds was the bursting pressure to 
which diving air hose is subjected before its acceptance 
from the manufacturero Subsequent to the printing of the 
Navy Diving Manual, this test pressure was reduced in 
actual practice and in the specifications to 1,000 pounds

0 

Ordinarily any diving hose manufactured within the 
two years of the date of use should not require retest 
before its use, unless it has been cut or damaged in 
storageo If it is over three years old it should not be 
used at allo If it is tested, the test'pressures should 
be not higher than those necessary to insure the strength 
of the hose for the maximum depth of dive to be maae plus 
a reasonable factor of safetyo Under ordinary circum­
stances test pr·essures equivalent to seventy=five per cent 
o! the original proof pressure (250 lbso) would be suffi­
ciento 

NOTE: 

. Diver's air.hose should be tested each time before 
it is usedo It J.~ believed that this test pressure 
should be 1-1/4 times the pressure at which the hose is to 
be used1 or 171/4 times (pressure of depth of dive f 50 
lb~ 0 per sqo ino)o Air hose must be kept rree of oil, 
paintj and greasej since these materials will rot the 
rubbera Hose that has been cut or chafed should be dis­
carded 0 Diver's air ho~e should not be used· for any 
oti.1er purpose o 

HELMET 

Before using a diving helmet check the following: 

1 ° The non-return~ or sarety valve should be 
checked for_defects ~nd for tightnesso 6ne method to 
check for ~igh~ness is to invert the valve in a low 
pressure ai: line and hold the end in water to check for 
leaks 0 A simpler method is to attempt to blow smoke back 
t h~ough.the valve" If the valve stem works smoothly 8nd 
th-,spring is strong enough to return it to its seat and 
!olus t~e sm~ke witn the low pressure a man is able ~o 
T~~rt with ~is lungs, the safety valve is working Derfentlyo 
me ~s v a lve ~s an extremely imoortant feature of th~ hel-
d : as any interruption of the air supply will cause the 
iver to be squeezed unil.ess the valve is working pro~erlyo 

2° The exhaust valve and exha~st tube should be 
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checked for being clean and the springs for proper tensiono 
The valve seat should be clean so that the valve will 
seat tightly. 

Jo The windows should be checked to see that they 
are firmly embedded in their litharge seats and the lenses 
not crackedo Putty may be used in place of lithargeo 

4. On the faceplate: (a) Check the hinge, hinge 
pin, and cotter pins for defectso lb} The rubber gasket 
and knife edge should be checkedo (c) Concerning the 
butterfly nut and stud {if rim is not of the countersunk 
type) wire the butterfly nut bolt to the faceplate to 
preve~t the nut from sliding off the rim of the faceplateo 

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

60 On the amplifier connection, check washers and 
see that the connections are made up tight and will not 
leako 

7o Check the helmet lock for defectso See that the 
safety gate is in placeo 

8
0 

Be sure that the leath~r gasket seats evenly all 
around and that it is treated with neatsfoot oil occasion-
ally 0 

9
0 

Check the bayonet joint screw threads for burrs 
and defectso 

10
0 

Examine the breastplate studs for proper fit and 
see that they have no defectso See that the nu~s turn 
freely on them

0 
Loose studs should be sw~ated 1n tightlyo 

11
0 

Check the straps for proper fit and see that 
their serial number corresponds with the helmetc. 

12
0 

Be sure to closely check the control va
1
lvo fokr 

defects and tightnesso Carefully adjust the va ve pac -
ing so that the valve will not be turned a~cidentallyo 
All experienced divers insist that the control valve work 
stifflyo 

13
0 

See that the diving hose is free of soapstone; 
check the leather washers 0 examine the joints for firmness 
and see that they are properly clamped., Note date of 
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manufacture and if more than two years old or ir it shows 
much use, test it in accordance with instructionso Wash 
out the soapstone with fresh watero See that the leather 
washers do not restrict the flow of airo 

140 Check the amplifier for operation by testing ito 

150 See tnat the lanyards are in good conditiono 

160 See that all metal parts are free of verdigris 
and corrosiono 

17. lf it is necessary to use oil for cleaning pur­
poses, remove the oil and rub the surface with a clean 
rago After using the helmet, disassemble the exhaust 
valve, clean all parts, dry and reassemble them with a 
light coat of vaseline on the springso When not being 
used, put the straps and nuts on the breastplate studso 
Keep the helmets on the breastplates and the breastplates 
on the rackso 

THE DIVER'S COMMUNICATION SYSTEM 

The present type of communication system now being 
used successfully is the Diving Amplifier Equipment made 
by the Guided Radio Corporationo The use of the two-way 
trans-ceiver is of great importance because it eliminates 
the old style head set worn by the diver and makes inter­
communication possible wtthout neoflssitating the divers 
cutting off his air supply in order to nearo The Diving 
Amplifier Equipment is designed to provide for two-way 
communication between the tender station on the surface 
and from one to three divers on the bottomo In all cases 
speech pick-up and reproduction are obtain~d on the re­
producers, tnese units being used in both their norms.l 
capacity as reproducers and as microphoneso The system 
is normally set up for transmission of speech between all 
connected divers and the tendero The control panel has 
switching facilities that permit the tender to conve~se 
witb any one particular divero Tone and volume controls 
make the speech more intelligible since it 1R ~icked up 
under varying pressure conditionso 

The amplifier is housed in a heavy steel case plated 
and painted to resist corrosion. The control panel !s 
located on the front of the case and connection to the 
three divers' cables is made through three receptacles 
along the bottom of one siae or tne amplifier cabincto 
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• 1g• THE DEEP SEA DIVING HELMET 
The air hose which is stopped (i.e., 

secured, fastened) to a small pad eye 
on the left side of the breastplate fur­
nishes the diver with air. The air con­
ta-ol valve, connected to the air line and 
within easy reach of the left hand, is 
stopped to a long stud on the left side 
of the breastplate by means of· a link 
bracket. Passing under the diver's left 
ai-m, the air hose is atta(·he"ll to the 
safety or non-return valve placed on the 
right rear side of the helmet. ~he safe­
ty valve prevents air from g~mg back 
up the hose in case of an ~('(·ident that 
punctures or severs th4: au. hose. The 
only other line to th~ d1ve1: 1s the com­
munication cable which, bemg tested to 
2,250 lbs., is sufficiently_ st1:on~ to be 
used as the life line. The hfe Im~ 1s st?P· 
ped to a small pad eye o~ the nght side 
of the breastplate; after at passes und~r 
the diver's right arm it crosses the air 

hose in the back and enters the ~elm~t 
on the left rear side. F'or !·cgula~•!'g his 
buoyancy, the diver has, m addition to 
the air control valve, a valve on each 
side of the face plate, viz., the non-blow-

'------..,......,.~':"',;;:;:~ 
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l 

On the other side of the cabinet ~ arranged vertically
9 

are 
the three receptacles for connection to the power for 
operation of the amplifier 0 ~tis designed to operate 
from 115 volts D o C,. ~ 155 volts A G. J or 12 volts Do C

0 

The tenderQs speaker unit is mounted on the cabinet top~ 

The divers 9 reproducer or trans=ceiver which mounts 
in the recess of the diving helmet . has a protect! ve grill 
that covers it and all the metal parts are treated to re­
sist corrosion ◊ Because of the highly complicated and 
restricted nature of a detailed explanation ~ address all 
queries to the Bureau of Ships ,_, 

Although the trans ~ceiver is a very valuable means of 
communication ~ signals on the lifeline and air hose should 
always be given men the word is p assed on the trans=ceiverc 

THE DIVER 9 S AIR SUPPLY 

The manually driven air pump has become obsolete my 
the development of easily transported six to eight horse­
power compressor units which readily maintain about 120 
lbs of pressure per square inch in an accumulator tank . 
They are equipped ~i th a governor and t·wo relief or pop-
off valves , l'he high=pressur e gauge indicates the amount 
of pressure the divers have in reserve in the volume tank 
and the air regulator is used to regu l ate the amount of ~ 
air being sent to the divers The amount of air is shown 
on the low=pressure gauge which immediately follows the 
regulator on an air manifold used for diving After leaving 
the air regulator and passing through the low-pressure 
gaugej the air ~hen passes throueh an oil separator and 
t~ence to the divers , The so ~called oil separator is a 
filter that keeps oil and water from reaching the diver 
throug~ h;s air supply line . This is necessary because 
when air is compressed _ the change in temperature causes a 
con~ensation on the inside of the volume tank and since 
moving mechanical parts need to be lubricated ~ the diver 
should not be further handicapped by being forced to work 
under any more unfavorable conditions than are necessary, 
i . e , ~ with oil and water inside his helmet ., 

DIVING HELMET EXHAUST VilVE 

One of the principal dangers that the diver must guard 
against is the possibility that the over~inflation of his 
dress will

0
caus? him to blow up It is most apt to occur 

when the diver is frequently changing his position and re­
maining for several minutes at a time on a 
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stooped or bent positiono This brings his exhaust val ve 
lowe~.than •his back and shoulders o Air will accumulate 
in the back of the dresso When the diver straightens up, 
the accumulated air flows to the upper part of the dr ess 
and expandsj thus inflating the arms 'of the dress and 
rendering the diTer incapable of reaching his air control 
or helmet exhaust valvesj and blow- up resultsj with the 
~ttending dangers explained elsewhere in this worko 

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

With the non=blow-up type of valve in use the diver 
can inflate his suit and blow up 9nly if he so desires, 
but at no time will the pressure inside his dress be so 
great that he cannot reach his air=eontrol or helmet 
valveso Therefore~ unintentional blow=up is somewhat 
controlledo 

The operation of the non- blow=up type~ helmet ex­
haust valve is essentially the same and adjustments are 
made in the same manner as in the old typeo The major 
difference is in the introduction of a secondary spring 
which permits further opening of the valve 9 regardless or 
the setting» when the air pressure of the helmet exceeds 
two pounds pressure per square inch v 

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

A----------Chin Buttono 
B-------=--Exhaust valve stemo 
C-----=-=--Exhaust valve body o 
D------~---Bonnet guardo 
E----------Bonnet o 
F---------=Adjusting screw o 
G=--=-==== =Adjusting hand =wheel o 
H---------=Exhaust valve disco 
I---------=Exhaust air escape channel. 
J----------Valve stem adjusting sleeve ~ 
K---------=Primary valve spring o 
L-----=----Retainer ring o 
M--=----~-=Valve stem adjusting sleeve set screwo 
N-==-=- -=- =Secondary valve spring follower disco 
o--===--- - =Secondary valve spring o 
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GENERAL NOTES ON DIVIl'!G 

Befor~ ~oing down 9 t~e diver should understand the 
exact conditions.under which he is to workc He must know 
exactly what h~ is to doo It is best to illustrate his 
work on a drawing or sketch if possible

0 

_If.the div~r finds that he cannot proceed according 
to his 1nstruct~ons 9 he should stop where he is and in­
form the ~uperv1sor of the circumstances 0 The supervisor 
can t~en inform the diver as to what he is to do under th 
new circumstanceso e 

0 
Because a diver works under handicaps as much of 

his work as possible should be done before'he goes down 
He.should not be expected to exert himself to move heavi 
obJects or to walk long distances on the botto~ His 
tools and gear should be selected with care to insur~ 
!h;t they are the most effective and efficient for the 

o k to be done underwater 0 It is dangel'ous for the div-
er to work on a lone sco.pe of lifeline FJ.nd air hos~

0 
Th, 

tend~rs can then be of little 0ssistance to hin~ I~ he 
bl?w~ up» a very large amount of slack must be t~kPn in 
qu1cklyo n ~ 

to Skill a nd Judgment in riggin~ will assist the divAr 
h. a veri great extentu His descending line should la~d 

h
im as c ose to his work as _I)oss i ble " Heavy we iR'.hts 

s ould be moved by lin f th ~ • 
0 es. rom e surface c In v:or~:j nl" on 

a shipj one or more hoeg1ne lines will enable t~e d" -, 
to stair aa-a· t th b.l • ., ' 1

., 1ve1 
"'ork " • ~ J ~7;s e l ec or to stay around the propellers 
•• .. on o. s c.- 1p: s hull will be facilitated if c. sto ~e of 

0 

some sort L.1 rJ.D' _::-ed for the d 1° ver •·rood t • ht ~-· 0 
• ens af"'es nuc:-t be 

:!~~ll edt sot thA.~ t~ey will s~ nk O I adders nomet,imcs ~ake, 
b en .s ac? 0 since the diver cBn keen himself on them 

h
y dthrust ing his le~s through the run~s -leavinP both • 
an s free for his work ~ ·- ' ·• 

sod When it is n~cessary to heav9 on any lines from to -
a~o~' br;ng th? ~l~er to the surface firsto This will . p 

d ~d an:y possi b L 11 ty of injurinP- or foul 1 ne: him . lVh ile 
a lVer lS down.9 mooring lines and anchors should be kept 
secured under all circumstancesv 

fr Divers have been injured Nhile worJ..-jn.o- suspended 
0 om

0
a crane 0 At no ti~e should a diver wor~ with anv 

' r~gging led to power machinery_ ~ither a misundersto;a 
signal or the accidental 0~eration of such mac ,1.inery could 
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easily result in a serious accidento Divers should never 
be required to work around any lines which by any possi­
bility might shift or become tauto It is also dangerous 
to be around heavy material which may move o 

Care must be taken that tools, lines, and other ob­
jects are not dropped on the diver or across his lifeline 
and air hoseo When sawing off piling, or under any other 
circumstances where objects might topple over on the div­
er, such objects should first be secured from topsideo 
Make certain that the propellers and rudder of a ship can 
not possibly be moved while the diver is downo It is 
best to bring the diver to the surface when ships or boats 
approach the locality of diving operationso Be prepared 
for heavy swells and washes from passing vesselso 

An excellent general thumb rule for working under 
water is "Do not try to do more than one thing at a 
timeo" While a diver is under water, no activities should 
be permitted in the vicinity except those necessary to 
assist the diver with whatever he is doing at the time 
and these should be under the diver 9 s controlo 

_,. diver should never pass under an obstruction, but 
he should go over or around ito If he blows up or has 
to be pulled up, he may be hung.up ~art way between the 
bottom and the surface if his lifeline and air hose lead 
under an objecto Therefore, a diver should not cross 
under the keel when diving on a shipo 

If the diver loses his distance line or cannot find 
his descending line, he should signal ~o his tenders to 
pull him upo It would be a waste ot" tiime to search ror 
either lineo By leading the lifeline and hose close to 
the descending line, the diver may find the descending 
line aga'in. 

DIVING IN CURRENTS 

A slight current can sometimes be use~ to advantage 
by a diver

0 
Its flow will give h;m direct1on° I! he 

stays on the downstream side of his work, t~e ~ediment 
which he stirs up will be swept clear, per~itting him to 
see

0 
A judicious lead to the descending line and other 

rigging may gain some advantage from the currento 

strong currents will probably prevent the diver from 
even reaching the bottomo The bight swept into the de-
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soending line will make it difficult to follow the line 
downo The bight of the lifeline and air hose will drag 
heavily on the diver, and he may be unable to even pull 
himself downo The pull of the lifeline and air hose may 
sweep the diver off the bottom» causing him to blow up 0 

Because the current may be less toward the bottom than 
at the surface, the diver should always attempt to get 
down and get the work doneo 

!he lifeline and air hose can sometimes be used by 
the diver to anchor himself on the bottomo The weight 
of a few feet carried along in his hand, or the bight 
from the surface resting on the bottom may helpo Under 
no circumstances should the lifeline and air hose be made 
tast to anything, nor should the diver attempt to lash 
himself downo Additional weights on the belt or a second 
belt may weight the diver downo A weight carried by hand 
might help the diver to move about 0 

When working in a current, the diver should make 
himself heavier than normalo The exhaust valve should 
be opened mor~ than the usual amount instead of cutting 
down on the air supply with the control valve Diving in 
a cu:.·en~ is hard work and the diver will need plenty of 
vent1lat1ono 

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

0 the currento To move along the bottom it is best to 
crawl o ' 

SE.ARCHING 

a la Searchi~g for lost articles on the bottom constitutes 
b rge portion of diTing worko The position of the lost 

~ Ject should be estimated as closely as possible and the 
escending line put down at this spoto If an area of a 

sizke must be searched, several buoys will be needed to DY 
mar orf the ground covered 0 

i T:e diver should move away from the descending line 
aga.ns the current, then circle to the right or left ~~v!!g ~1th the current. When the current is very st;ong 

Y e impossible for the diver to move against the ' 
curren~ to any extento In this case, the diver must make 
t1!;ocircles on the downstream side of the descending 
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Even when weighted with small strips of sheet lead 
wrapped around the line, the circling line will not catch 
objects lying close to the bottom. Such material can be 
found only when the diver himself makes contact with themo 
Objects buried in mud or sand can sometimes be found by 
the marks which they have left on the bottomo A lance 
can be made to probe in the mud for ~arge objectso It 
should nave a lanyard six or eight feet long, bent on to 
the butt end o 

It is occasionally suggested that the diver be towed 
from a boat when covering large areas to oe searchedo 
This obviously would be a very dangerous procedure under 
the most favorable circu.mstanceso It is much better to 
shift the boat and the descending line, bringing the diver 
up for each shift o 

With a hard smooth bottom 9 no current 9 and depth of 
water about 150 feet or less, a good diver should have 
no trouble making a complete circle with 150 fto of 
distance lineo Less advan~ageous conditions will require 
the diver to use a shorter scopeo When the diver rinds 
the c~ject of his searcn he should always bend his dis­
tance line to it at once'to prevent losing it again° 

en tne bottom is soft, the diver should call for 
a little slack in the descending line and tn~n turn the 
descending line weight upside down to ~old his distance 
line as far down in the bottom as possible 0 

After the distance line is bent to the object, the 
diver may find it easier to pull the descending line 
weight to him. Necessary tools and lines can then be 
sent down the descending line directly to the object

0 

Experienced divers sometimes use a bight of their 
descending line for a distance line 0 The diver calls for 
slack in the descending line after he reaches bo~tomo 
The tenders slack away and then tend the descending line 
b h d The diver moves away t"rom the descending line 
w!ig~~ 0 holding the bight of the descending line. When 
at the'proper distance from the weight, he ciiclestak:When 
the ob~ect being searched for is found! the d ver es 

t J d ·t with the descending line and then tells 
~heu~~n:~~~ntoitake up the slacko The hook rope is then 
sent down the descending line to the diver 0 After the 

· tt ched to the object the diver throws his 
hook rope is a a 'ak tne slack 
descending line clear, the tenders t e up , 
and the diver returns to the surface on the hook ropeo 
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It is recommended that the ~ost object be located by 
dragging for it if there is any possibility of finding it 
by this meanso A drag can cover a much ~arger area than 
a diver can in the same timeo With a limited number of 
divers availablej it is better to save them until they 
must be used rather than to exhaust them in extensive 
search operationso Under no circumstances should drags 
be used within a very wide distance of the diver; the 
farther away the bettero Divers can be very easily fouled 
by a drag line with dangerous consequenceso 

It is necessary to use plenty of scope on the drag 
line; roughly three times the depth of water is generally 
about righto The arms of the grapnel should be long 
enough to insure that they will hook over the lost objecto 
Weights on the drag line ahead of the grapnel will help 
to hold the drag on the bottomo The boat should run as 
slowly as possible or drift with the current because too 
much headway will cause the bignt of tne drag line to 
lift the drag from the bottomo Buoys should be used to 
mark the area to be searched and the ground that is 
coveredo When the object is hookedj its location must be 
buoyE- for the divero 

An electric drag can be used effectively to locate 
metallic objectsj especially iron or steelo It can be 
trailed behind a single boat over a rough bottom or towed 
in a span between two boats over a smooth bottom. 

DIVING FOR \1\TRECKED PLANES 

The wreckage of a plane presents special hazards and 
difficulties to a divero The debris may be badly twisted, 
tangled, and scattered over a wide areao Pieces of ragged 
metal and the ends of wire and metal parts can entangle 
and produce severe cuts on the divero 

Hacksaws and heavy wire cutters are convenient tools 
to have available when working on plane wreckso 

The structure or a plane makes it difficult to attach 
lifting lines to bring the wreck to the surfaceo If 
hoisting slings or eyes are accessible to the diver they 
are generally the most satisfactory for attaching lines

0 N~xt best ~re the engines or tne heavy parts of the en­
gine mount1ngso It may be necessary to use the heavier 
members of tne landing gear and wings next to the fuse­
lage 0 Since the weight of a nlane in the water is less 
than the weigh"t of the same plane out of the water, it 
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may be possible to bring the plane up to the surface of 
the water with a light rigj where heavier slings can be 
put on to hoist it clear of the w~tero 

The diver should lose no opportunity to recover 
papers books, bomb sightsj and other material which may 
be of ~onfidential nature or 01· great monetary valueo 
Notebooks and papers from the wreck may also be of value 
in determining the cause of the wrecko 

If gasoline is floating on the waterj no open flames, 
no smoking or anytning else which may ignite it should 
be permitt~d in the vicinityo 

TORPEDO RECOVERY 

A diver should always approach a submerged torpedo 
with caution 0 Sometimes a slight jar or movement of the 
torpedo will start it running again, or moving the start­
ing lever may have the same effect 0 

The propeller lock should be put on and lashedo If 
no lock is at hand, a piece of small size manila may be 
used 0 The stop valve should be closed with the torpedo 
tool made for that purposeo 

Since the after part of a torpedo is easily damaged, 
torpedoes should always be hand~ed so that the after­
bodies and tails suffer no strains or bumps 0 

After leaving the descending line, the di~er should 
proceed slowly, examine his imm~~~:~e0~u~~~~~~~~f~na!n-he proceeds, and report any ;~ecarried away particularly 
countered, or parts d~aged din· order to'safeguard the 
wreckage that should e remove 1·nes or obstructions, 
diver O He must alw~ys pass over ar~ a 1·ew turns of air 
never under tnem 0 He ought t~ c y revent a sudden 
hose and telephone cable on ~is arm~~ ~is balance. It 
pull from the deck causing h~m c~~l;o to touch the deck .or 
is best to allo~ the hose a~st not allow it to pile up; 
bottom behind him, but ge mbl should be sighted fre-
this portion of h~se an ~~an~ing object such as a gun, 
quently. In.passing any e underwater worker must keep 
mast, stanchion, etc 0

, 
th . if on his left=hand 

in mind the side ~assed 0~~ ~~ehis right=hand side 
side proceeding, it mu~t wreck or passing through 
returning 0 When entering !ed feet first and should never 
doors, he must alw~ys1a~~~ and breastplate through first. attempt to forces ou 
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A team of three divers has proved to be the most effective 
while work i ng inside a submarineo Noo 1 man carries the 
tool bag, Noo 2 man carries the light and assists Noo 1 
man; Noo 3 man remains outside at the hatch to tend Noo 1 
and Noo 2 9 s hose and cable o 

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

SENDING MATERIAL DOWN TO THE DIVER 

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

His ability to move about is greatly restricted due 
to his small negative buoyancy, the cumbersomeness of the 
diving dress, the resistance offered by the water, and 
disadvantages increased in direct proportion to the force 
of tb r ~~rrento His buoyancy allows him only a few pounds 
of pullo In fact~ about 50 per cent of the diver 9 s ener­
gy is required to maintain him on the bottomo Therefore 
careful planning is necessary on the part of those super­
vising the work- of the diverso Each phase of the work 
should be studied in advance in order to devise methods 
and rigs which will permit the divers to work with the 
greatest efficiency o 

In generalj a special descending line of 2¼=to 3-
inch manila should always be secured at the point where 
the material is to be used or the fitting to be installedo 
This descending line is led to the ship 1 s rail hauled 
tautj and the ship moved to give an angle of l~ad that 
will guide it into place with little physical efforto 

Hand tools should be fitted with lanyards having an 
eye sufficiently large to slip easily on the diver's 
forearmo They should be put on his right arm when he is 
on the stageo If several tools are needed, they are 
placed in a canvas tool bago 

In sending down small toolsj bolts» nuts» small fit­
~ingsj etc o j secure each article to the holes (eyelets) 
1n the upper rim of the tool bag with about three feet of 
marlineo Nutsj bolts» etc o » can be tied in one string so 
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that they may be cut off one at a timeo 

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

1 six-pound hammero 
1 eight-inch Stillson wrencho 
1 fourteen-inch monkey wrencho 
1 fourteen-inch Stillson wrencho 
1 hack sawo 
2 hack saw blades. 
1 pair of large plierso 
l marlinespike .a 
1 combination jimmy heaver and priero 
2 cold chiselso 

A good practice is to give the diving light to the 
firs -· J.i ver down; the s~cond diver takes the tool bag 0 

When small fittingsj valves, shackles» etco, are to 
be sent down it is a better plan to put them in a tool 
bag and if too heavy for the diver to carry down on his 
arm' the bag can be sent down on a descending lineo The 
mouth of the bag should be tied shut 0 

Power tools should be sent down ahead of the diver. 
• 6 d ·1 for the guy line attach-Use a piece of -threa man1 a 

in the tool to the shackle sliding on the descending 
li~e The guy line should be attached to the tool with 
a s11ding nooseo The air hose of the tool is used as a 
lowering lineo 

Send down the electric torch in its box and the 
round wire the gas torchj and the igniter in the same 

g ' th sliding noose over the torch and ig-manner, ioeOj e th e may be 
niter or torch and ground wire, as e cas 0 

11 th r ob~ects use 15-or 21-thread manila for 
For a .o e . ~ ·th a eye splice, or short bow-

a lowering line, f1~ted wi li n from the sliding shackle 
line. Secure the d;stance n: eon the lowering line. 
on the descending line to ~~e ye of the lowering line 
;~~~ ~:~!~raih~oo~~:~;rt~hanen:~essary, (marline, 6-thread, 
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12-threadj etco), witn about l root of playo The diver 
then takes the object off with one cut of his knifeo 

The lowering line can then haul the shackle backo 
The best results will be obtained by having one man, prer­
erably an officer, make up all tne material going belowo 
He will then be in a position to plan aheado A uniform 
system should be followed and those assisting will soon 
become acquainted with his method, which will cause the 
work to progress smoothlyo 

To illustrate the advantages to be gained in having 
plans ready, it was desired to reinforce the upper conn­
ing tower hatch on the S-4 by placing ~O lead pigs, each 
weighing 100 lbs ~. j over this hatcho To prevent the pigs 
from shifting due to the motion of the hullj the pigs 
were to be placed in a wooden box and cement poured 
around themo The box was to have a canvas lining to hold 
the cementa The hatch cover was not sufficiently wide 
to permit stacking all of the 40 pigs directly over it so 
two flat bars of steel were to be laid over the hatch 
firsto 

L!C material was prepared in advance o A traveler 
ring for the descending line was made withal" screw 
shackle welded to ito Each pig was drilled to provide 
an eye for a small becket strap of 15=thread manilao The 
bars were cut and drilled for the guy line and lowering 
line0 The box was made~ weighted with sheet lead on the 
bottom edges to give it negative buoyancy, knocked down, 
and then stoppered up with the canvas lining on topo 
When ready for this job and all preparations were com­
pleted, two divers carried down a 3" manila lineo They 
were instructed to catch a turn on the far side of the 
chariot bridge rail about midships, this line to be hauled 
taut from the topside and tne divers to then observe 
objects sliding down the line to fall fair in the chariot 
bridgeo 

The first trial position proved correcto The de­
scending line was set up, the first pair of divers re­
ceived the two flat iron bars, placed them, received the 
box, set it up in place with its canvas lining, and re­
ceived and placed ten pigs of lead in 50 minuteso The 
second pair of divers received and placed thirty pigs in 
42 minuteso Another pair or divers received and placed 
10 pigs in 16 minuteso 
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Placing the flat iron bars would have been considered 
and wasj of course 9 a simple mattero The box proved to be 
quite as easy for the divers to cut six thread beckets to 
free the box from the guide and lowering line; then it 
was easy to cut two six=thread stops that bound the several 
parts together

9 
lay the canvas cover aside 9 place the for­

ward and after sides 9 slide the port and starboard side 
into positionj insert the bolts which had been secured by 
short lanyards 9 and then place the canvas lining which 
had been folded sides and end to bottom and then rolledo 
The lead pigs were sent down as follows~ the becket inserted 
in the shackle of traveler ringo The shackle bolt being 
inserted from up=down 9 it was only necessary to catch a 
turn or so of the threads to secure ito A turn was taken 
on the belaying pin with the lowering linej the pig slid 
off the railj an4 lowered on the run until the square mark 
on the lowering line was at the railo The pig was now 
about 10 feet above the diverse It was held at this 
position until the diver signaled "Let it come c. '' When the 
diver cut the pig becket 9 the slack of the lowering line 
being immediately apparent 9 the traveler and shackle were 
hauled back hand over hand~ and then the next pig sent down 
to the square mark and held until the signal "Let it comej" 
etco 

SENDING MATEIUA.L DOWN TO THE DIVER 

Use small stuff to stop material to shackle and as 
few turns as possible so that the diver can cut the stop 
easilyo 

Put small tools and parts in a tool bag before send­
ing them downo It may be desirable to tie them to the 
bag with marlineo 

The descending line should be rigged as close as is 
practical to the point where the diver is to worko 

Pay out lowering line from a point far enough away 
from the descending line to prevent turns of lowering 
line from fouling tne descending lineo Keep the descend­
ing line taut" 

When diver must untie a large line rather than cut 
itj half hitches are the easiest !'or him to handleo As 
a rule, shackles are easier to unfasten than knotso 

Good rigging is extremely important to get material 
down to the diver quickly so that his dive is no longer 
than absolutely necessary and his exertion is reduced to 
a minimumo 
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CHAPTER IV 

RIGGING BOATS FOR .DIVING 

Articles 3627 to 3637, 3641 to 3642 of Bureau of 
See 0

0 
& R 0 Manualo 

A tor launch must always be used for diving, i~ 
. mo All motor launches are required to · be fit-

pract~cableo s for receiving hand-operated air pumps 
ted w~th padeye k d rittings for securing torpedo air 
~~!s~!vr~stheC~~~tsa:~ ror using them to supply diver's 
air should be made up and kept ready alsoo 

di fr ma boat with air fur-
It is preferable_tofla;~s oThey should be thoroughly 

nished from torpedo ai~ . 0 or rease Place them on 
cleaned of any rust, d1rtd, o1.i'sec~e the~ so they cannot 
chocks on the floor boars an 
moveo 

t b in the boat, connected 
At least three flasks mu~e a!r flask must be held in 

and ~~Ady for instant useot 9n case of emergency, such 
reserve and not used excep 1 i·n the working flasks 

1 d d·ver The pressure •n as a fou e l. o f 11 below 220 lbs o per sqo l. 0 , 

shall not be permitted to a at which the diver is 
(15 atmospheres) over the pres;~~~ the diver is clear of 
working while on the botto~o u so that no emergency 
the bottom and safely on his wayfl;sk may be cut ino Not 
can possibly arise, the res~~~ed to dive at the same time 
over two divers may be per~1. ~pply to the divers must 
from the same boato Th~5a~~ss over bottom pressureo 
be maintained at leaSt 0 

120 feet a second boat 
When working depths over n fuliy charged flaskso 

must be rigged wi~h ~t leastsi·~:~ing distance of the. 
It shall remain w1th1.n easy gb ught up quickly and its 

ht ·t can be ro 
diving boat sot ta dlto the diving boato 
air supply connec e 

1 1 Ys be as­small boatj shal a wa 
A dinghyj or other diving boat" 

signed as tender to the 
dequate and in addition to 

The boat crew must be ~he air supply and to handle 
the men required to manage 
and tend the diverso 

is required to be in the 
The following equipm~~t vicinity of the ship: 

diving boat if it leaves e 
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The requisite number of torpedo air flasks, and all nec­
essary connections and special tools, or, if a diving 
pump is to be used, it must be complete, in working order 
and properly securedo 
Complete apparatus for two diverso 
Sufficient air hose for two diverso 
Two lifelineso 
Two amplifier outfits (if supplied)o 
Tool box with air-hose spanners, wing nuts, etco 
Spare washers for air hoseo 
Spare rubber wrist ringso 
Fitted descending line and distance lineo 
A length of rope for sending down to divero 
Diving laddero 
Decompression stageo 
Slate with pencil attachedo 
Red diving flag on staffo 
Lead lineo 
Stadimetero 
Boat 9 s diving anchor gear. 
BoatYs compasso 
Hand flags for signalingo 
Boat boxo 
Boat illedical outfito 
Binocularso 
A watch for timing divers. 
Long heaving lineo 
Large shackleo 
Coil of small stuff for lashingso 
A luff tackleo 
Drinking wa.tero 
Other special gear as necessaryo 

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

0 

At the slightest sign that the moorings may not hold 
start the diver·s to the surfaceo The mooring lines should 
not be touched while the divers are down, either to take 

- ;o -

in slack or to veer them. 

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

Keep all of the gear in the boat straightened out 
and clear for useo Coil down o~ rlake all lines, hose, 
etco Keep the small boat used as a tender moored astern 
and ready for use o The air 1·1asks must be cut in all the 
time that the diver 9 s helmet is worno The diver's air 
supply must be drawn from the test tank (or volume tank). 
The required pressure i~ the volume tank must be main­
tained at all timeso Do not use an automatic pressure 
regulating valve to reduce the pressure in the ~lasks to 
the required pressure in the volume tanko Station a 
reliable man on the air supplyo 

Lash the diving ladder to the side of the boato 
Keep ~ear off the gunwaleso The divervs tenders should 
keep both feet inside the gunwalec If the gunwale is 
very high or widej one tender may have to sit straddle o~ 
the gunwale» but he must be backed up by a second tender 
completely inside the boato 

FIRST AID AND HYGIENE 

First aid is immediate attention given to the in­
jured and ill in cases of emergency; it should neither 
supersede nor take the place of proper medical or surgi­
cal attention and should consist of :furnishing temporary 
assistance to a sufrerer pending the arrival of medical 
aid 0 The most important fact to remember in first-aid 
treatment is to summon a medical officer or some one 
capable of rendering the proper treatment 0 

Hy~iene the science of the preservation of health, 
is the ~rope~· care of the body to permi ! the proper 
functioning of the various organs and tissues. 

PERSONAL CLEANLINESS 

Personal cleanliness is a very important fact and 
especially 80 in the Navy where a large number <::f.men 
live together in a relatively small areao Conditions on 
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board the salvage ships throw a greater number of men to­
gether in the living compartments than the compartments 
were originally designed to accommodateo The MALLARD, 
WIDGEON, and the PIGEON operate almost continually in the 
tropics and this ract further complicates matterso Much 
more effort must be expended by the individual to keep up 
the standard of personal cleanliness in the tropics than 
in the temperate zoneo By the appearance of his hair, 
facej teeth, clothing, hammock, and his general bearing, 
it is possible to tell at a glance whether a man observes 
the rules of personal hygieneo 

The following is a list of comparatively simple 
things that should be done if a man is to follow the rules 
of good personal hygiene: · 

(1) Take at least one good bath dailyo If you are 
doing heavy, dirty work, more attention should be paid to 
batbing than otherwiseo Follow the bath by a brisk rub 
with a coarse turkish towelo 

(2) Intemperance in eating and drinking should be 
avoid 0 i o Men who drink alcoholic liquor are more apt to 
get sick than those who abstaino DIVERS SHOULD NOT DRINK. 

(J) Daily exercise is conducive to good health. On 
board ship and especially on submarines and small craft 
it is often impossible for the crew to get sufricient 
exerciseo All hands snould take advantage of periods when 
the ship is tied up at bases and stations to Join in all 
athletic events possibleo • 

(4) If possiblej periods of work should be followed 
by periods of relaxation, rest, or recreationo 

(5) Sufficient time should be allowed for meals; the 
food should be chewed thoroughlyo There is a tendency in 
the Navy for all hands to hurry through their mealso 

(6) Plenty of water snould be drunk, bQt do not 
drink a large amount at any one time, especially when 
overheated o 

(7) Take the proper care of your feeto Feet should 
be bathed at least once a day; cold water hardens them, 
while hot water softens themo Cleanj dry socks that do 
not wrinkle should be worn at all timeso The nails 
should be cut straight across and kept trimmed closeo · 
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Corns should be treated at oncej preferably in the sick 
bayo Blisters should be treated by the sick bay without 
de~ayj as they may become infected and cause you to be 
laid upo Do not delay reporting to the sick bay for any 
tr~uble with your feeto It is well to have two or three 
pairs of shoes and wear them in rotationj as it gives 
them a chance to dry out after being dampened by perspi­
ration from the feeto No two pairs of shoes make pres­
sure ~qually on the same part of the feet; therefore by 
changing shoes you rest and allow to heal parts of the 
feet that have been rubbed or subjected to undue pressure 
Blisters can often be avoided in this wayo Rubber-soled 

0 

shoes or sneakers should not be worn any more than neces­
saryo They cause the feet to perspire excessively and 
prevent proper ventilationo 

(8) Never sit in a draft to cool off when P3rspi= 
ringj as the evaporation of the perspiration will cause 
chills and may cause pneumonia to developo We usually 
catch colds because we neglect to put on a sweater after 
~eing overheated_by hard work 11 or when going from a hot 
compartment out into the cold airj or when sleeping in a 
draft without sufficient coveringo Take a bath as soon 
as possible and shift into dry~ clean clothes after 
finishin~ worko. If you work in the rain and get wet, 
keep moving until you have a chance to take a bath and 
shift clotheso 

(9) Th? mental attitude has close relationship to 
healtho This fact has been greatly neglected in the 
pasta Many people do not realize that there is a very 
;lose.relationship between mental worry and bodily 111s 0 

v~rryin~ and ~nxiety over trifles should be avoided 0 To 
~ccomplish ~his the ~ind should be kept occupied and 
interest maintained in workp studyj and recreation 0 

IN GENERAL 2 KEEP CLE.AN AND YOU WILL FEEL HEALTHY 0 

ARTIFICIAL RESPIRATION 
(Schaefer Method) 

To.remove w~ter from the lungs» remove shirts; lay 
the patient o~ his face, clasp your hands under his ab­
domen and dra·in water from his lungs and air passages 
Be sure that the air passages are clear of foreign objects 
such as sea weed» ralse teeth» etcuj and that the tongue 
has not dropped back 9 thus blocking the air passage 0 

To apply artificial respirationj place the shocked 
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person on his belly» with his face turned to one side· 
straddle him and place the palms on the small or his ' 
bac k just below the ribs; lean t·orward and gradually bring 
the weight of the body on the hands 9 thus rorcing the air 
out of the lungs o AVOID ROUGHNESS o Release the iressure 
quickly and return to the original positiono The first 
motion should occupy two or three secondso After return­
ing to the original position there should be a wait of 
about two seconds before repeating; thus there will be 
about 12 respirations each minuteo Imitation of the 
natural breathing is the objecto ,Tnese efforts should be 
kept up ror at least two hours, or until natural breath-
ing is restored o 

Hemove all wet clothing rrom the body and wrap well 
witn b~ankets o Never give up hope to restore breathing 
for many a life has been lost because artificial respi­
ration was stopped too soon o Efforts to restore braath­
ing should be kept up 1·or at least two or three hours o 

GASES OF THE AIR AND THEIR EFFECTS ON THE BODY 

Air is a physical mixture or the following gases: 

oxygen (o~) --~-~=------ - - - ---==--=- ==---==21% 
Nitrogen tN)----====---- =--==----======~==78% 
Carbon Dioxide (C02) ===~== ======= ==---====0°03~ 
Argon and other gases=--~ ==~--=-== =----=--Traces 
Water vaporj dustj etcu ~ are also presento 

All of these gases are odorlessj colorless, and 
tasteless; therefore their presence cannot be detected 
by the senses o 

oxygen is the only part of the air wnich is nec ­
essary to lifeo Approximately 5% of the oxygen is con­
sumed from the air when it is breathed o A man burns 
about Oo7 CU o ft

0 
of oxygen per hour but under heavy 

exertion he may use 4 to 5 times this amount 0 Air con­
taining less than 10% oxygen may produce unco~ciousness 
without any preliminary warning symptoms 0 It 1.s always 
dangerous to breathe air containing less than 15~ oxygen, 

Pure oxygen at atmospheric pressure can be breathed 
for a long time» as is done when working with ~he oxygen 
rescue breathing apparatuso When pure oxygen is breathed 
long enough under pressure or two atmospheres absolute 
and over various harmful effects are producedo The 
tissues ~f the lungs are irritated and may produce a 
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form of pneumoniao Higher pressures will first cause 
nausea and blindnessj finally unconsciousness and convul­
sionso Pressures of pure oxygen at about 4 atmospheres 
absolute will destroy all forms of lifeo 

At 300 fto depthj the pressure is 13305 lbso gauge 
or 14802 lbso absolute 9 equivalent to 10 atmospheres of 
pressurec ) Air is approximately 1/5 oxygenj so that the 
oxygen concentration at this pressure is the same as 1/5 
of lOj or 2 atmospheres absolute of pure oxygeno For this 
reasonj 300 fto is generally considered the maximum depth 
to which a diver should go while breatning compressed airo 

In the lungsj oxygen combines chemically with the 
red corpuscles of the bloodo The blood then delivers the 
oxygen to the tissues of the body where it is consumedo 
Very little oxygen remains in physical solution in the 
blood and most of that which does will eventually combine 
chemically with the blood and will be burned in the tis­
sueso CO2 is a product of combustiono When 02 is burned 
in the tissues of the body, carbon dioxide is produced 
in the tissues and carried by the blood in chemical com­
bination to the lungs where it is exhaledo The rate at 
which the carbon dioxide leaves the blood will depend on 
the amount of carbon dioxide aiready in the lungso 
(Dalton 11 s Law) 

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

Air exhaled from the lungs of a man at rest usually 
contains about 5% carbon dioxideo If this percentage is 
increased by exertion, the carbon dioxide remaining in 
the blood will cause the brain to increase the breathing 
in an effort to expel the excess quantityo The control 
or the breathing is so delicate that an increase or OoO2% 
of carbon dioxide in the lungs will double the volume of 
breathingo On the other handj a man 9 s breathing can be 
stopped completely by sufficiently reducing the percent­
age of carbon dioxide in his lungso 

The inhalation of air containing carbon dioxide will 
produce various effectso Their severity will depend on 
the length of time the carbon dioxide is breathedo 

Small percentages of CO2 will cause tiredness and 
perhaps headacheo 
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Ji CO2 in the air doubles the breathingo 
5i CO2 causes pantingo 
8% CO2 causes marked distresso 

10% CO2 causes unconsciousness very quickly and_ 
permanent injuries to the heart and brain may 
resulto 

The treatment consists of artificial resuscit~tion, 
administering oxygenj keeping tne patient warm and quiet, 
and afterwards giving him plenty of resto 

The erfect or a given percentage or carbon dioxide 
in the air breathed is proportional to the absolute pres­
sureo 'While 3% co2 will hardly be noticed a~ atmospheric 
pressure at 3 atmospheres absolute (66 fto depth) it 
will hav~ the same e1·:rect on tne body as 3 times 3%, or 
9% which is a very dangerous concentration of carbon 
di~xideo Divers thererore require adequate flow of air 
through their helmets to keep within sare limits the pro­
portion of CO which they must br~atheo Under the most 
favorable conaitionsj a diver is considered to require at 
least L5 cu 0 ft 0 of air passing through nis helmet at the 
pressure of his deptho Whenever it is possible and al­
ways ttt high pressuresj he snould receive at least 4o5 
CUo fto of air per minuteo 

Nitrogen does not combine cnemically with the blood 
as oxygen and carbon dioxide doo Instead it remains in 
physical solution in the blood and the tissues of the 
body 0 The pressure of the nitrogen in ~elution tends to 
equalize with the pressure or nitrogen in the lungs 0 

This is in accordance with the laws or Dalton and Henry 0 

Various parts of the body absorb nitrogen at dif­
ferent rates and in di:rferent amounts 0 The blood h~!ds 
a moderate amount and will change the quantity of nd ~~-

en very quickly conveying it between the lungs an e 
tissues " Fat wiil absorb about 5 tim?s m?re nitr~!e~he 
than other tissues and the rate a~ which it ohang Parts 
uantity of nitrogen in solution is much slower 0 

~f the body which receive little circulation of b~ood 
will be slow to change their amounts of nitrogen in so-
lution alSOo 

The rate at which a tissue absorbs nitrogen is the 
hi hit will release the nitrogeno 

;~isa~eif:v~~t~h;~; t~ 12 hours
1

~!e
1
~ef~~r:~a~o~

0
the 

pressure of the nitrogen in ~o~~~ nitrogen in the air 
equalize with the pressure o 
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being breathedo Since the blood carries the nitrogen to 
and rrom the tissues 9 increased circulation will increase 
the rate at which the body saturates or desaturateso 

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

It has been found that if the pressure is suddenly 
reduced enough 9 the nitrogen will leave solution so rap­
idly that the blood can not carry it all to the lungso 
Bubbles of nitrogen will then be formed in the blood and 
some of the tissueso These bubbles may block the flow 
of blood 9 burst small blood vessels 9 cause pressure on 
the parts surrounding the bubbles 9 and cause damage to 
the tissueso Pressure on nerves or damage to nerve tis~ 
sue will cause pain u Damage to the brain or spinal cord 
will cause various kinds of paralysis and may be severe 
enough to cause death o The symptoms produced by the 
formation of nitrogen bubbles in the body are called 
bends~ caisson disease 9 diver 9 s palsy or paralysis 9 com~ 
pressed air illness~ etc o 

It has been found that if the pressure is reduced 
at a rate that will keep the absolute pressure of the 
nitrogen in the body at less than twice the absolute 
pressure of the air being breathed~ no bubbles will be 
formedo A diver can come up half his maximum absolute 
depth at any time without danger of bends o If he has 
been working at 99 feet (3 atmospheres gauge 9 4 atmospheres 
absolute)~ he can come safely to a pressure of 2 atmos­
pheres absolutej which is 1 atmosphere gauge or 33 feeto 

Decompression of divers is accomplished by bringing 
them up and keeping them for a time at progressively de= 
creased depths 9 each time ten feet lessj until the sur­
face is reached o The correct procedure is set forth in 
the decompression tableso The depths and time at each 
will depend on the depth at which the diver has been 
working and the duration of his exposure o 

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

= 58 -



exerc:ise during decompression o 

When the water 1s very cold and under other condi­
tions where it is inadvisable to give the diwer his de­
compression in the water ~ he sometimes takes his first 
one or two decompression stops in the water ~ then is 
brought -on board where helmet ~ be l t ~ and shoes are removed 
as quickly as possible ~ The diver is then rushed into 
the reeompression chamber and recompressed to his first 
stop and brought out on the reguler preliminary decompres­
sion in the water when the diver has been at deep deptho 

Because it takes a long time !'or all the tissues of 
the body to desaturate ~ a diver should not make more than 
one dive to any considerable dept-h in the same day o If 
he is exposed to pressur~ again ~ the second de com.pr ession _ 
should be based on approximately his total time on .the 
bottom and maximum depth du_ring the day o 

SYMPTOlviS OF CAISSON DISEASE 

Symptoms of caisson disease vary wide~y in degree 
end effects L. They have been known to occur as long· as 
15 hours after exposure to pressure r 

l o Itch ~ rash ~ or discoloration of the skin will 
not require recompression > but the diver should be watch­
ed for the development of a more serious condition o 

RECOMJ?RESSION SHOULD BE USED IMM:EDIATELY FOR ~HE FOLLOW­
ING SYMPI'OMS: 

2 ,_ Pain .in various parts of the body ., Abdominal 
pains may indicate the onset of a very serious caseo 

3" Unconsciousness Ii partial or complete " 

4 ,, Abnormal condition of the senses ( sight j) hearing, 
taste ~ touch~ and smell) and l ack of coordination and 
control of the body 

, ◊- Parts· of the body becoming paralyzed or going to 
sleep ., 

6 , _ Marked dizziness ., 

- 7 Heavy and l abored breathing n 

NOTE: 3 9 4 " 5 ~ &. 7 indicate that either the brain or the 
spinal cord <; or both ~ are affected . ·· Decompression should 
be prolonged for such cases 
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TREATMENT OF CAISSON DISEASE 

Extract 1·rom Bureau or C o &. R o Manual~ Paragr aph 3679 ., 

(1) In case a diver has made a rapid ascent from 
deep water~ but shows no symptoms of ca i sson disease he 
must be hurried into the chamber as soon as possible ~and 
the pressure raised to 60 pounds or less j this pressure 
being at least half the absolute pressure at which the 
diver has been working u He must be kept at this pressure 
for at least 5 minutes ~ after which, if no symptoms have 
developed, he can be decompressed ac c ording to the tables, 
corresponding to the time and depth of the di ve j with 
the extra five minutes added to the tot a l o f the diving 
time for the time used in selecting the table u Should 
symptoms of caisson disease develop during decompression, 
gradual decompression as outlined below should be re= 
sorted to o 

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

{J) If paralysis is present and does not pass off 
in two hours it is useless to wait longer at high pres ­
sures o It m~s-t be remembered that exposure in the cham­
ber exceeding JO pounds is likely to delay decompression 
very much c 

(4) Decompression should be started as soon as the 
i d bei·ng allowed to fall at patient is rel eve ~ pressure 

the following rate~ 

When pressure in chamber 
is-

Pressure may be allowed to 
fall at a rate not faster 
than-

Above 60 pounds- ===== ==- --= -Rapidly 
Between 60 and 45 pounds -= ==l pound in 1 minute 
Between 45 and JO pounds -=== l pound in 3 minutes 
Between JO and 15 pounds === =l pound in 5 minutes 
Between 15 pounds= ===--== =- =l pound in 10 minutes 
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(5) No hard and fast rule can be laid down for a 
decompression rate~ which will depend on the condition of 
the patient~ how he stands decompressionj and also the 
pressure at which he was saturated o If the patient be­
comes ill again while the pressure is fallingj decompres= 
sion must be stopped» and» if necessaryj the pressure 
raised; when the patient is better 9 pressure may be al= 
lowed to fall again~ but at a slower rate 0 If after de= 
compression the patient again develops symptomsi the 
process of recompression and subsequent de compression 
must he reported o 

Pilot letter 

From~ 
To: 

Subject: 

Enclosure~ 

BUREAU OF SHIPS 

L9/P=(l4) (8688) 
EN28/A2- ll 
July JOj 1942 

The Chief of the Bureau of Shipso 
All Ships and Stations o 

DECOMPRESSION FOR DIVERSo 

(A) Two (2) copies Navy Standard Decom­
pression Table (using compressed alr)o 

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

Jo Jo BROSHEK 
By direction 

Augo 15j 1942 Navy Department Bulletin 
R~491 
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OXYGEN TREATMENT FOR CAISSON DISEASE 

The Experimental Diving Unit has had great success 
with the following treatment for caisson diseasep using 
oxygeno 

ll) Increase pressure rapidly to one atmosphere 
more than pressure necessary to relieve the symptoms of 
the patiento Keep patient at this pressure for 30 min­
utes 0 

\2) Lower pressure gradually over a period of 45 
minutes to pressure at 60 feeto 

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

20 minutes at 60 reeto 
30 minutes at 50 feeto 
40 minutes at 40 feeto 

5 minutes at 30 feet? then lower pressure to atmos­
pheric pressureo 

Pressure should be reduced at a rate not greater 
than 25 feet per minuteo 

(4) If symptoms are not permanently eliminated by 
the above treatment? recompress patient again ~until symp­
toms are relievedo This pressure may be expected to be 
materially less than 66 reeto The patient is kept at 
this pressure for 12 to 24 hours 9 or longer if necessaryo 

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

PRESSURE TIME AT PRESSURE 
40 feet------------- =--== - ~----= 14 minutes 
30 feet---- -~-= == - ===~= - - ---- -= = 42 minutes 
20 feet---------------=~== - ===== 52 minutes 
10 feet---------------=---- -- --= 68 minutes 

Am EMBOLISM 

If the lungs are filled with air while u~der pres­
sure and the breath is then held while the press~re 
around the body is reducedp an excess pressure will de­
velop in the 1ungs

0 
This pressure may drive a bubble of 

air from the lungs directly into the blood stream where 
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it will pass at once to the heart o If the bubble is 
large enough 1 the heart will be blocked just as a mechan­
ical pump may become air bound o if the bubble is small 
enough to pass through the heart~ it will be carried 
along with the blood stream until it enters an-~rteTy 
small enough to be blocked by the bubble v This interrup= 
tion to the flow of blood is called air embolismo 

The effects produced by air embolism will depend on 
the location of the bubbleo If the heart or the large 
arteries supplying the brain are blocked 9 instantaneous 
unconsciousness and perhaps almost immediate death will 
occuro If small arteries supplying the brain are blockedj 
collapse and spasm may develop o If the bubble lodges in 
other parts of the bodyj symptoms like those of bends may 
shOWo 

Such accidents are most likely to happen when en­
gaged in helmet diving and in using the submaiine escape 
appliance (lung)o The diver ducks the helmet ·and swims 
to the surfacej voluntarily while making an ascentc With 
the lungs fully inflatedj a rise in the water of approx­
imately 2½ feet is sufficient to produce enough pressure 
in the lungs to cause air embolism~ If the injury is re­
ceived at any depth~ the expansion of the air bubble as 
the man ascends ~o the surrace will intensify the effectso 
Men have been killed coming rrom a depth of 10 or 15 feeto 

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

In all cases where a man is in distress either after 
he has been using a "lun~'' or has -been divinf w1tfi'-~t"l'.i~ 
helmet aione 2 it shou!de presumed that hes--sut~ 
from air embolism and treated as..-.:outlineclbelow o----~The 
natural and usual assumption of-oystanders is that the 
man is suffering from drowning c 

The patient should be placed under pressure immedi­
atelyo lt is well to keep his feet elevated above his 
head as high as possible in the hope that circulation of 
blood to the brain will be facilitated (. The bubble may 
perhaps flow to a location less dangerous that the arter­
ies to the braino The pressure may have to be quite high 
in order to first compress the bubble and reduce its size 
so that it no longer blocks the circulation~ then dis-
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solve the bubble into the blood so that it can be elimi­
nated during decompressiono If patient ~s breathing has 
stoppedt artificial resuscitation must be appliedo De­
compression should be the same as that prescribed for 
treatment of caisson diseaseo 

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

Arter being decompressedj a man who has suffered 
from air embolism will usually complain of a dull head­
ache that will persist ror about five hours and soreness 
of the abdomen which will last a day or twoo 

THE RECOMPRESSION CH.AMBER 

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

The recompression chamber must be kept ready f~r 
instant use at all times while diving is being carried 
out and for at least 15 hours after the last diver has 
been securedo It should be tested dailY 0 A diver should 
be detailed to be ready to operate the chambero 

Men who have been exposed to high pressures should 
remain in the immediate vicinity of a recompression 
chamber for one hour afterward and within one hour

9
s 

distance of the chamber ~or at least 12 hours 0 

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

(l) A time-keeping instrumenti either a clock or a 
stop watcho 

(2) Caisson gaugeso 
{3) Decompression tableso 
{4) Small mattress and blanketso 
(5) Apparatus for administering oxygen~ ready for 

useo 

The following materials should be immediately avail-
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able to the chamber~ 

(1) Sterile syringes and needles with bottle of 
1-1 9 000 adrenaline o 

(2) Stethoscope and blood pressure apparatuso 
(3) Vessel and towels for hot applications o 

Bottles passed in or out of chamber 9 or stored the~e­
in~ should have holes through stoppers to equalize pres ~ 
sure o No highly volatile or dangerous liquids should 
ever be kept in the cha.rnber t 

When no recompression chamber is immediately avail­
able ~ 

If a diver has been working at great depths or ex­
posed for long periods in shallower depths~ he must be 
kept dressed for at least 20 minutes after being brought 
on deck o If he develops symptoms of bends 9 he can then 
be sent down again 1:·or decompression o 

S~UEEZE 

Squeeze occurs when the water pressure becomes 
greater than the air pressure in tne helmet, the water 
pressure will then tend to compress the dress 9 pushing 
the diver into the helmet v If the diver is not carrying 
sufficient air in his dressj he will feel the breastplate 
pushing on his snoulders 9 and the force or the water pres ­
sure on his ribs will make it difficult for him to breatheo 
Slight bleeding of the nose and ears may be produced by 
the excess of water pressure over the air pressure in the 
dresso This is likely to occur ir tne diver descends 
faster than his air supply can build up the pressure in 
his dress c. When the sa:rety non=return valve on the hel-
met is tight~ the pressure in the helmet cannot be lost 
through failure of the air supply . Every precaution must 
be taken to insure that this valve operates properly0 
The only other manner in which a squeeze can be suffered 
is from a fall under water c 

Dropping suddenly from the surface to 33 feet in= 
creases the absolute pressure from 1 to 2 atmospheres o 
The air in the dress is thereby reduced to 1/2 its former 
volume since volume is inversely proportional to pressure 
(Boyle 9 s Law) u To drop from 66 feet to 99 feet changes 
the absolute pressure from 3 to 4 atmospheres o The volume 
of air in the dress is then reduced to 3/4 its volumeo 
The diverQs body must make up the difference in volume in 
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the rigid helmet It follows that a fall in shallow 
depth will do the diver more harm than a longer fall at 
deep depths o 

In some extreme cases of squeeze 9 the diver was al ­
most entirely compressed into the helmetj killing him 
instantly and making it impossible to remove the helmet 
from the body o 

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

Upon blowing up, the diver may have ?is dress burst 
or deflated suddenly in some other way o He would then 
drop to the bottom~ suffering a heavy squeeze o 

Unless the diver has been working long enough in 
water deep enough to require decompression 9 there will 
be no need to recompress him if he should get a squeeze 0 

Remove the dress as gently as possible o Lay diver prone 
and try to keep him warm and comfortable o Get the serv­
ices of a doctor

0 
The patient may be bleeding from nose 

and mouth~ unconscious 9 eyes P?pped out9 headQand fea­
tures badly swollen and livid in color o The imprint of 
the breastplate may show o·n his chest ~ back and shoulders " 

CARBON MONOXIDE 

Carbon monoxide tCO) is a product of incomplete com= 
bustion of carbonc When carbon burns completely~ only 
carbon dioxide (CO2) is rormed 0 

carbon monoxide occurs as a large P:oportion ~f the 
exhaust gases of internal combustion engines ~ It is 
found in the smoke from charcoal9 coal, or oil c Since 
it is odorless

9 
colorless~ and tastele~sj i!s pres~nce 0 

cannot be detected by the senses 0 It is slightly eavier 
than air o 

The blood combines chemically with carbon monoxi~e 
more readily than it does with oxygen o When the bi~o is 
absorbs carbon monoxide 9, its oxy~e~=c1~rr!n~e~:1~~d by 
reduced accordingly o oonc~ abso~oeed because the blood 
the bloodo Asphyxiation is pro uc the lun s 
finally will be unable to car~y !~hi~~Y!~f1f~~!ntually g 
to the tissues of th~ body 0 thre unt of co in the blood 

lt • is ning because e amo resu in po O • til the blood can no longer 
will gradually be built up un 
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carry sufficient oxygen for the needs of the bodyo 

Improper lubrication of d~ving air compressors so 
that oil accumulates in the cylinders~ breaks down 9 or 
burns 9 may generate carbon monoxide and pollute the div­
er 9 s air supply o A volatile oil such as kerosene or fuel 
oil anywhere in the diving air system may produce the 
same resulto The intake of a diving air pump or compressor 
should not be close to the exhaust of an internal com= 
bustion engine or to the top of a smoke stacku 

Unconsciousness from carbon monoxide poisoning may 
result without any warning symptoms ,, Generally a person 
affected has a blush coloro Treatment consists of re­
moval to fresh air 9 artificial respirationj keeping 
patient warm and quiet~ and administering stimulantso 
Pure oxygen may be administered from a mask while artificial 
respiration is being giveno A~ter the patient regains 
consciousnessj hot black coffee may be given by mouth as 
a. stimulant" 

The effect of a given percentage of carbon monoxide 
will be in proportion to the absolute pressure at which 
it is breathed , 

A few masks {having black canisters) which will 
give protection from only carbon monoxide are carried in 
submarineso carbon monoxide absorbent canisters for 
attaching to submarine escape appliances (lungs) are also 
carriedv 

HYDRAULICS 

Weigh a large container having a flat bottom and 
v~rtical sides and then fill with water and weigh again 0 

Divide the weight of the water by the volume to obtain 
the weight of the water per cubic foot, The density of 
fresh water will be found to be about 62u4 lbsv per cu 0 

~t o 9 that of salt water is generally 64 lbs : per CUu ftu 

If one end of a piece of tubing is connected to a 
gauge and the other end is submerged in the water~ the 
gauge will indicate the pressure in the water at the end 
of the tubev If the pressure is measured at a certain 
depth and then the end of the tube is lowered to twice 
this depth~ the gauge will show twice as much pressure 0 

Therefore» the pressure in a liquid depends on the depth 0 

No matter in which direction the end of the tubing 

points UP» down » or t oward any side the gauge will read 
the same as long as the end of the tube r emains at the 
same depth { Thus the pressure a t a ny point in a liQuid 
is exerted equally in all directions 0 

It is apparent tha t the weight of all the water in 
a container having vertical sides rests on the bottom of 
the container , The :rorce on the bottom is the weight of 
the water . The pressure can be found by dividing the 
weight of the water by the number of s qu a re inches in the 
bottom of the container o By measuring the height of the 
water in the containeri the pressure per foot of depth 
in water can be calculated , It is 0 ~343 lbs v per sqo in c 
in fresh water~ or Ou445 lbs o per sq L in u in salt water o 

The same result may be obtained in another way o 
Consider a cubic foot of water in a container having the 
height~ length~ and width each of 12 inches o The area 
of the bottom of the container is one square foot u The 
depth of the water is one footo A cubic foot of fresh 
water weighs 62 u4 lbs o ~ salt water 64 ~bs u The pressure 
per foot depth of fresh water is therefore 62 o4 lbs c per 
sq

0 
ft v ~ of salt water 64 lbs · per sq " :rt , There being 

144 sq~ inches in one sq v ft ~9 the pressure per sqL inv 
will be the above amounts divided by 1449 or 0 ~434 and 
00445 lbs , per sq u in v v respectively v 

The pressure on the bottom of the container ~ill 
have no relation to the shape of tne container ~ since the 
pressure will depend only on the depth of t~e liquid 0 

For example
9 

each of the con~ainers belo~ will have the 
same pressure on the bottom if all are filled to the 
same heightu If the bottoms all have the same area9 the 
force against the bottom will also be the same in each 0 

--., -- .... -- ---------------------~ --.... ~ -- -- -.,,,.. 
I • • . 

Calculate the volume of a block of metal~ we~gh itj 
and then weigh it again suispe~~ed ~~e;a!~~ · th!i ~~!1

1~:s 
found to have lost weight n e w eaual 
of weight is exactly equal to the weight of an d-0 

T fore an object submerge 1n a 
volume of water 0 here 9 

1 to the weight of the 
fluid is buoyed up by a f~rce ~qjuat will sink into a liq= 
displaced fluid v A floating o ec 
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uid until the weight of the volume of liquid displaced is 
equal to the weight of the object v 

PROBLEMS 

l o A pressure gauge connected to the sea in a sub= 
marine reads 74 0 At what depth is the submarine? 

2 o 'l'he s pee if ic gravity of kerosene is O O 8 0 What 
is the pressure on the bottom of a tank filled to a depth 
of JO fto? 

3 o What pressure 1s required to supply water to the 
top of the Washington monumenti 550 ft v high» at a pres­
sure of 80 lbs o? 

4 o A drum 2 reet in diameter standing on end is 
capable of withstanaing

0

an ;nternai pressure of 50 ibs 0 

per sq o ino A 2 inch pipe lS connected to it vertically 0 

How high will salt water have to be poured into the pipe 
to burst the drum? 

5o A tank is 6 ft o tall ~ 8 ft u widej and 12 ft 0 
longo How many pounds of salt water will it hold? What 
is the pressure on the bottom? How many pounds of force 
are pushing on the sides? 

H w 6 0 tThe arefa of a man vs body is about 2iOOO sqo ino 
o many ons o force are pressing on a diver at 90 ft 

depth? 
0 

7 c The Squalus lay in 243 ft ._. of water O What air 
pressure is required at that depth to overcome the water 
pressure? 

Bo A horizontal cylindrical tank is filled with 
salt water._ It is 9 ft c. in diameter What force is ex-
erted against each end? 

0 

9o One gallon equals 231 CU o in o What does a gal= 
lon of fresh water weigh? A gallon of salt water? 

lO o Twenty ~all~ns of salt water per minute must be 
pumped 60 ~t o high into a tank u lf the water end of a 
recipr~cating pump has a bore of 10 inches and a stroke 
of 16 1nches 9 how many strokes per minute does it make? 

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

l2o A hydraulic jack has a ram 8 in.:. in diameter with 
a lift of 2 feet o liOW many strokes must be made with the 
pump if the piston has a 2 inch diameter and a 4 inch 
stroke? 

13 0 A block of spruce weighs 18 lbs o per cuo ft o It 
is 8 ft o long ~ 12 inches thick~ and 18 inches wideo How 
deep will it sink in salt water? 

140 A flooded pontoon 9 50 ft u long and 18 fto in 
diameter

9 
is on the bottom in 200 ft ~ of water o If the 

structure of the pontoon weighs 60 tons ~ how much can it 
lift when blown dry? 

l5 o A standard sized natch for a submarine is 22 
inches in diameter u lf the hatch is three feet under 
water

9 
could a man exert sufficient force to raise the 

hatch cover? 

l6 o The density of spruce is 18 lbs v per cu o ft o A 
block 12 inches by 8 inches will float with what drart? 
What is its displacement? 

l? o A tight cylindrical tank 3 ft v in diameter 9 6 fto 
long

9 
weighing 3 ~000 lbs u 9 is placed in the water o Will 

it sink or float and by how many lbs c? \Vb.at is its 
specific gravity? 

l8 o A lighter in salt water 30 ft ._ by 15 ft o sank 
5 inches when a truck was loaded on board~ What was the 
weight of the truck? How much would it have sunk in fresh 
water? 

19a A diver weighs 165 lbs ~9 his dress 195 lbs o If 
he adjusts his air so that the tender has to exert a pull 
of 15 lbs o to hold him up~ how many cu o ft o of water does 
he displace? 

GASES 

If all the air is pumped out of a container~ and 
then the container is weighedp it will be found to weigh 
less than when full· of air ..:, An automobile tire weighs 
more when inflated than flato It is apparent that air has 
weight

9 
which has been found to be 1/12 pound per CU o fto 

All gases have weight 9 some more than others o 
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Being a fluid and having weight 9 air exerts pressure 
and buoys up any object submerged in it just as a liquid 
does o Balloons float in the air because they are buoyed 
up by a force equal to the weight of the displaced air.:, 
If the volume is decreased by allowing the gas lighter 
than air to escape from the bag 9 the balloon sinks 0 

Put a little water in a can and boil the watero 
Remove from the flamep cover the can tightly and cool i~ 
quicklyo The steam will have driven out alljof the air 
in the can and when the can is cooled 9 the steam will con~ 
denseo The pressure of the atmosphere on the outside of 
the can will crush it flat o 

If a long tube 9 closed at one end~ is filled with 
mercury and the open end is inverted in an open dish of' 
mercury 9 the mercury will run out of the tube until the 
weight of the colurrJl of mercury equals the force of the 
air at the bottom of the tubeo A vacuum will be lef't in 
the space at the top of the tube ~ Measure the height of 
mercury in the tube and it will be about 29092 inches at 
sea _level o This arrangement is one forn of barometer and 
is actually used to measure the pressure of the atmosphere 0 

The higher we go from the face of the earth~ the less the 
depth of air above us~ and consequently the lower we can 
expect the air pressure to beo Actually the mercury 
within the barometer will fall about i i~ch for each 
thousand feet we ascend , An altimeter is made exactly 
the same as a barometer~ except that instead of' being 
marked to show the air pressure it is marked to show the 
height above the surface of the earth just as a depth 
gauge in a submarine shows the water pressure in feet of 
depth instead of lbs v per sq , in v The pressure of the 
earth 9 s atmosphere is measured at sea level which is 
zero altitudeo · ~ 

The specific gravity of mercury is 13v60 The height 
of a column of water which has the same pressure as the 
mercury will be 13 ,, 6 x 29 o 92 feet jl or 3 3, 6 f'eet of f'resh 

water0 
33 feet 
This is 
level o 

12 
It is 33 feet for salt water .__ The formula is~ 
x Oc445 lbs 0 per ftv ~ 14v7 lbs~ per sq 0 in 0 

the pressure of the earthgs atmosphere at sea 

When a pressure gauge reads zero~ it indicates that 
the pressure is the same as the pressure of the earth9s 
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atmosphe:eo Actuallyj zero gauge pressure is 14 0 7 lbs 0 

per Sqo ino By adding 14o7 to the gauge reading we get 
the true pressure in lbso per sq~ ino» called absolute 
pressureo By dividing lbso per sqo ino by 14o7 lbs 0 ~ the 
pressure of the atmospherej we have the pressure in 
a.tmosphereso 

Take a U-shaped glass tube with one arm of the U 
shorter than the other; seal it upo Pour mercury in the 
long tube until the mercury stands at the same height in 
both arms of the Uo The air pressure will be one atmos= 
phere and equal in both sides o~ the tube because if it 
were notp the mercury would be pushed up in the side 
having the less pressureo The volume of air i:p the short 
side of the tube will be equal to the area of the cross 
section of the Tube (A)j when multiplied by the length 
of the tube above the mercury (l) o Measure 1 and the 
volume will be Ax lo Then pour more mercury into the 
tube until the mercury in the long tube stands about 
29092 inches above the mercury in the short tubec The 
pressure in the short tube is now two atmospheres o Meas­
ure 1 again and it will be 1/2 its former value o The new 
volume will be Ax 1/2, or l/2A x 1 ~ It is apparent that 
if the absolute pressure is doubled~ the volume is halved. 

Let the first pressure be Pl and the second P20 Let 
the first volume be V1 and the second V2 0 Then 
P1 V2 

s 1/2 and ~ 1/2 

This is called Boyle 9 s Law» which is true for any 
gaso It may also be expressed as follows~ "The volume 
of a gas is inversely proportional to the absolute pres-
sure..., tt 

When a gas is compressed» more molecules occupy the 
same spaceo As they fly about they bump into each Qther 
more frequentlyj and the resultant rebounds from these. 
collisions cause the molecules to fly about faster~ ThlS 
increased molecular motion produces more heat'- ·when the 
gas is allowed to expandj the molecules slow down and the 
heat is less\.) 



PROBLEMS ON BOYLE 9 S LAW 

1 o The capacity of an oxygen flask is 2 ~· 2 cu c ft .. 
What is the pressure if it contains 200 cubic feet of 
oxygen? 

2 a How much will the air weigh in a torpedo air 
flask 20 ino in diameter by 15 ft o long

9 
charged to 2800 

lbs ~ per sq~ in ~? 

3o Eight men are trapped in a submarine compartment
0 

They have two 2 _, 2 _cu _ ft __ oxygen cylinders
9 

the gauges of 
which read 1300 and 1400 lbs" A man requiresL,5 cu'-. ft c 
of oxygen per hour o How long will their oxygen supply 
last? 

4u A diver using torpedo air flasks should have at 
least 25 lbso above bottom pressure on his control valve " 
air should be supplied at 4o5 CUo ft o per min e. , at least' 
3 torpedo air flasks must be in the boat~ and one must 
be held in reserve o Pressure in all flasks must not be 
allowed to drop below 220 lbso per sq~ ino over bottom 
pressureo How long can you dive to 120 fto~ with three 
18 CUo fto torpedo air flasks in a boat

9 
each charged to 

1 9 000 lbsu? 

5o Calculate the air supply necessary for a diver 
t? Work in 200 ftc for 5 hourso Twenty CUo ft

0 
torpedo 

a1r.flasks 9 maximum capacity 2800 lbs o per sqv in
0

j are 
ava1lablea The diver requires 4o5 CUo ft

0 
per minute of 

airo 

Temperature is a measure of heato The inventor of 
the Fahrenheit thermometer believed that it was impossible 
to obtain a temperature lower than the point at which he 

. placed the zero mark on the scale of his thermometerv 
Today we believe that the heatj and consequently molecular 
motion, exists down to 460°Fo below zero

9 
which is called 

the absolute zeroo The actual amount of heat present in 
a body must tnere:t'ore be referred to the absolute zero 
and temperatures based on this point are called absolute 
temperatures o To obtain absolute temperature~ actd 4000 
to the Fahrenheit temperature c 

If the air in the end of the V-tube used to demon­
strate Boyle 9 s Law were heated, it would be necessary to 
increase the pressure by pouring in more mercury to keep 
the volume of the air constant c This explains why a 
charged flask should not be exposed to the sun

0 
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Represent the absolute pressure of the air befor e 
heating by Pl and after heating by P2 u Let T1 and T2 be 
the absolute temperatures of the air before and after 
heating o It will be found that ~ P1 ~ T1 

P2 ~ 
This holds good for all gases c It is called Charles ~ 

Law which may also be expressed as follows~ "The vol ~ 
ume 9 of a gas remaining the same 9 the absolute Jressure is 
proportional to the absolute temperat u r e o" 

If the pressure is kept constant and the eas allowed 
to expand as it is heated, it will be round that: 

V1 ~ T1 

V2 T2 

This is Gay- Lussac 9s Law which may be stated as 
follows: "The pressure of a gas remaining the same:, the 
volume is proportional to the absolute temperature v 

All three of th~ above equations can be combined in­
to one, called the Law of Gases 0 

P2 V2 T2 

T = T and both If the temperature is the same 9 ! = f When 
cancel out of the formulad iea~!~~e~o~u~ :

8
1e:;ing Charles 9 

volume is the same9 Vi and 2 ot change p1 and P2 are 
Law

0 
When the pressure oes ~ ~ 

eliminatedj giving Gay-Lussac s Law v 

PROBLEMS 

8 ft torpedo air flask charged to 3 9000 
L , An 1 cu. 0 t or 1500 F .. What will 

lbs o per sq~ in o has a tempera ure to 750 F ~? 
its pressure be when it has cooled 

en holding 2 u2 CU ~ ft o 
2 0 Two full bottles ~f oxygd soo F are connected 

each at 1500 lbs o per sq ~ in c~ an °ze Th~ nressure in 
fl ks of the same si L • 

to two empty as 700 lbs at one instant o What was 
all four flasks was o then? 
the temperature of the oxygen • 
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}o The pressure in a tank is one atmosphere~ tem­
perature 72° F o Air is forced in at a temperature equal 
to the temperature in the tank until the pressure is 66 
lbso per sq o ino by gauge o What is the temperature? 

When a gas under pressure is in contact with a liq­
uid, the gas molecules will enter the spaces between the 
molecules of the liquidi forming a solutiono Soda water 
is made by dissolving carbon dioxide in water o The gas 
will continue to enter the liquid until the pressure of 
the gas in the liquid is equal to the pressure of the 
unabsorbed gas o lf the pressure is released from the 
outside gas~ the gas in the liquid will leave the solu­
tion until the inside and outside pressures are equalo 
V{hen these pressures are equal and no gas is entering or 
leaving the liquidi the solution is said to Be saturated 
for that pressure (./ This is what occurs when a bottle of 
ginger ale is opened and the carbon dioxide allowed to 
escape, making it flat o 

When the external pressure of the gas is lower than 
the internal pressure by a certain amount~ the gas may 
leave the solution so fast that it will form bubbles in 
the liquido Such bubbles are apparent in a freshly opened 
bottle of ginger aleo Bubbles of nitrogen are formed in 
the body of a diver in this way if he is not properly de­
compressed o The a.mount of gas absorbed by a liquid is 
proportional to the pressureo This is called either 
Daltonvs Law or Henry 9 s Law o 

~Vhen a mixture of different gases is dissolved in a 
liquidj each gas will be absorbed into the liquid in the 
same manner as though each gas were alone~ This is the 
Law of Dalton and Henryo For examplej taking air as a 
mixture of 79% nitrogen and 21% oxygenj water will absorb 
both gases until their pressures are equalized inside and 
outside the solution v However~ the pressure of the ni­
trogen is only 79% and the oxygen pressure is only 21% 
of the pressure of the air u Because of these differences 
i n their pressures 9 the gases will enter the solution~ 
keeping the percentages of oxygen and nitrogen the same 
inside and outside the solution v 

If the water is saturated with airj and then oxygen 
alone at the same pressure is placed in contact with the 
v✓aterj the external pressure is then 100% oxygen and the 
i nternal pressure is still only 21% oxygen v At the same 
c ime, the external nitrogen pressure has been changed to 
z~ro while the pressure o~ nitroeen in ~he water is still 
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79%0 Consequentlyj oxygen will enter and nitrogen will 
leave the water until the two gases are again in equilib ­
rium and the solution is again saturated for the changed 
pressure conditions o 

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

DIVER 9 S AIR SUPPLY 

A diver will require a minimum of 1 ~5 CU o ft o per 
minute of air at the uressure of the dive to provide 
sufficient ventilatio; to carry away the carbon dioxide o 
Hrhen working hard he may require three or four times as 
much v ~Vb.en calcuiating the minimum quantity of.air 
which the diver will require j L , 5 c u (. ft ., per minute of 
air may be used when hand pumps are to furnish t~e air 0 

0 

When air is supplied by any other means 9 use 3 times this 
figure or 4 ., 5 cu e., ft ~ per minute at the pressure of the 

'-' 
dive c 

Pressure in salt water is 0 ~445 lbs ~ per sq 0 in ~ 
per foot of depth , One atmosphere is 14 ~7 lbs u per sq u 
in

0 
Pressure in salt water is therefore Oit~~j or vOJOJ 

foot c The pressure at a depth of F feet 
!1~~s~~e~~O~~; x F L atmosphere 9 s gauge j or (O o0303 x F) 
fl atmosphere absolute ~ 

Let S be the required minimum air supp~y for a diver 
measured in cu

0 
ft o per minute at atmospher~c pressure 0 

To find S for a diver at a depth of F rt 0 j it is apparent 
that: 

P1 ~ 1 atmos c, 

P2 = 1 f (O o0303 X F) atmos ., 

V1 = s CU o ft ( per min o 

V2 = lv5 cu , ft __ per min e 

P1 V2j or rearranged to solve 
= 

P2 V1 
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l 

...... -

V1 = V2P2 or 

P1 

S: lo5 x (l f (O oOJOJ x F)) 

PROBLEMS 

lo The capacity of a compressor is 15 CUo fto per 
hour at 2500 lbso per sq o ino Would you use it to furnish 
air for a dive to 250 fto 9 and why? 

2o The cylinders of a two-cylinderj single-acting 
compressor have a 6-inch bore and a 12=inch stroke 0 How 
many ropomo must it make to give one diver 4 0 5 cu ft 
of air per minute at 200 ft 0 ? 

0 0 

Jo A one-cylinderP double-acting compressor has a 
4-inch borej 6-inch stroke~ 1-inch diameter piston rod 9 

JOO ropomo How many CU o ft o per minute can it deliver at 
30 :f'to depth? 

4o Diver 9 s air is being supplied from a low-pres­
sure c~mpressor delivering 150 lbs c per sq 0 in 0 into a 
receiver which is 6 ft o long and 4 ft o in diameter 0 If 
the compressor stops 9 how long can the diver stay at 26 
:rt O? 

5o A :f'our~stage compressor has the following name­
plate data: 12 = 6 - 4 - 2 x 8 inches o 25 r 0 p 0 m0 How 
deep can a diver work~ allowing for a relief diver? 

FLASKS 

When a diver 9 s air supply is to be taken from high­
· pressure air flasks, the following conditions must be met: 

lo Allow 4o5 CU o ft o per minute at pressure of dive 
for each divero 

2o At least 3 torpedo air flasks must be used 9 the 
air in one flask to be used only in an emergency 0 

)o When diving from a boat in depths over 120 ft 
a stand-by boat must be equipped with at least J charg;d 
flasks connected up ready for use so that it can be 
brought up and used in an emergencyo 
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4 o The pressure in any flask in use must not be 
permitted to fall below 220 lbs o gauge (15 atmospheres) 
over the pressure at the depth o~ the diveo 

5c Allow one atmosphere fr om one flask to charge 
volume tank 9 hose 9 etc o 

To find the length of time one air flask will last: 
Let C ~ Capacity of one flask in CU o fto 

'' A !!I Gauge pressure of f lask in atmospheres o 
" D. Number of divers e 
" E ~ Pressure of d ive i n atmos o gaugeo 
" P1: Absolute pressure in flask o 
" P2~ Absolute pressure of dive o 
" V1 :s Volume of air i n f lasko 
'' V2s Volume of air r equired by diver during the 

dive ;;, 

The divers cannot get all of the air from the flasko 
Fifteen atmospheres gauge and gauge pressure of dive must 
be left in the flask for safety o Also 9 one atmosphere 
gauge is used to charge test t ank 9 hose 9 etc o Add another 
atmosphere to the sum of t hese pressures to get absolute 
pressure o 

Therefore~ P1 = gauge pressur e of flask plus one atmoso 
less all of the above losses= (At l) -
(15 t l t l) ~ A - (15 t Et 1) 0 

P
2 

~ gauge pressure of dive plus l atmosphere 
~ E /, l o 

V1 ~ volume of a ir i n flask~ Co 

If one diver takes 4 o5 CU o ft o of air in one minute, 
and if he can stay down Y mi nutes 9 he will take Y x 4°5 
OU o ft c So: V2 ~ Y x 4 o5 x number o:r divers~ Y x 4 o5 x D0 

PJ ; V2 2 or A = (14 t E f 1) ~ Y 4o5D 0 

P2 ~ V1 E f i C 
we want to find out how long the divers can stay down 

with one flask so we solve for Yo Multiply both sides of 
the equation by c and divide both sides by 4~5 Do We find 
that: One flask will give duration of dive in minutes-

C ( A - ( 15 t E t 1) ) 
4 o 5 D E f 1) 
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PROBLEMS 

l o How long can a diver remain at 140 fto on the air 
:fron one flask of 16 cu o ft o charged to 1500 lbs o? 

2 o Two divers remain at 100 ft o for one houro The 
diving boat has 3 air flasks of 11 cu e ft o each original­
ly charged to 800 lbs (. Will there be enough air for 
their decompression? 

3c A diving job is estimated to require two divers 
at a time for a total of 3 hours on the bottom in 200 fto~ 
18 cuu ftu air flasks are available~ but they can be 
charged to 1~000 lbs (. only o Boats available are one 50 
rt e ~ and two 40 ft o motor launches , The larger will hold 
4 :flasks, the smaller will take J c What air supply will 
you provide for divers? 

4 o Calculate the pressures a diver will have left 
in three 12 cu , :ft v flasks each charged to 900 lbso after 
he makes a 20 minute dive to 150 ft c and completes his 
decompression .., 

DIVER 17 S AIR PUMPS 

In a single=acting cylinder of an air compressor 
the inlet valve is opened by the pressure of the atmo~­
phere as the piston moves away from the cylinder headv 
Air enters the cylinder at atmospheric pressureo When 
the piston has reached the bottom head of the cylinder 
it pushes against the air which has entered the cylind~r 0 

This pressure closes the inlet valve against the pressure 
of the atmosphere and forces the exhaust valve open per­
mitting the piston to push the air out of the cylinder 
until it reaches the end of its strokeo For each revo­
lution of a single-acting compressor~ the piston will make 
one suction and one discharge stroke o If there is more 
than one cylinder~ this cycle will be carried out in eacho 

A double=acting cylinder is equipped with valves and 
heads at each end so that regardless of which way the 
piston is moving 9 it is compressing the air on one side 
and sucking in air on the other side o For each revolution 
of a double=acting compressor~ there will be two suction 
and two discharge strokes of the piston ~ 

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

If the amount of free air which will be passed 
through the compressor in one revolution is knownj the 
amount which will be passed through during any number of 
revolutions can be found o If the speed (revolutions per 
minute is known) the volume of air at atmospheric pres­
sure which will pass through in a given ~ength of time 
can be calculatedL 

Unfortunately
9 

no air compressor or pump can be 
built to deliver this theoretical volume of airo The 
air coming into the cylinder is at slightly less than. 
atmospheric pressure because the valve passages restrict 
its flow 0 there is always some leakage pa~t pistons and 
the valv~s

9 
etcv To find the amount of air which a com­

pressor will actually pump 9 it is necessary
0
to know the 

extent of those losses which reduce the efficiency of 
the compressor v 

Efficiency is the ratio of the actual amount ·of air 
delivered by the compressor to the theoretical amount it 
should deliver o Since it must be less than perfectp the 
efficiency is always less than one v To obtain the per= 
centage of efficiency~ merely multiply the efficiency by 
100 0 

The less efficient a compressor is~ the more revo­
lutions it must make to pump the same velum~ of air 0 A 
theoretioallY perreot oompressorthas ~~u~f~!~i:~o~e~fver 
100% and woultdi~equ}rei;he &~:e!rrI~Ienoy will thererore 
the same quan Y O a O ber of revolutions 
be inversely proportionali to tthed~ITver a given quantity 
that the compressor requ res o 
of airo 

Pump air into a known vol~me with thedc~~P~~~f~rup 
and note the number of :evo;utio~st~=q~~~~al number of 
a certain pressure o This will b·ven quantity of air with 
revolutions required to pump a gi 
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this compressoro 

From the dimensions of the purnpj and the volume and 
pressure of the discharged airj we can use Boyle 9 s Law 

. to calculate the theoretical numbe1· of revolutions which 
this compressor would require to pump this quantity of 
air if it were perfect and had an efficiency of 100%0 

Applying Boyle 9 s Law: 

Let P1 ~ test pressureo 
P2 z atmospheric pressureo 
V1: volume of test tanko 
V2: volume of air at atmospheric pressure which 

must be compressed to give test pressure 
in test tanko 

Let T ~ theoretical capacity of pump cylinders in 
CUo ino for each revolutiono 

P: test pressure in lbs-0 per sqo inp gaugeo 
C: capacity of the test tank plus air hose, 

fittingsj and space in the discharge side 
of the pump in CUo ino 

R ~ theoretical number of revolutions required 
to charge test tank to pressure Po 

X ~ number of revolutions actually required to 
charge test tank to Po 

P1 :: p 
P2 ... l4o7 lbs o per sqo ino = 
V1 - C = 
V2 = RT = 

P1 ~ V2 or P ~ RT 

P2 Vi 1407 r 
Solving for the theoretical revolutions 9 

R:: CP 
14o7 T 

The efficiency of this compresso-r will be 100 Ro 
X 

PROBLEMS 

lo A Mark III Navy Standard Diving pump is to be 
testedo The test tank has a capacity of 1870 CUo ino 
Use one lengt~ of hoseo It requires 50 revolutions to 
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charge test tank to 100 lbs o per square inch o What is 
the per cent efficiency? 

2 o There is on hand a Mark II pump requiring 48 
turns to charge a 1790 CU o in o test tank to 100 lbs o per 
sq o in oj using a 50 foot length of diving hoseo The 
waste space is 43 CU o in o for a Mark II pump c What is the 
per cent efficiency? 

J c How many revolutions are required to charge a 
test tank of l u5 CU 0 ft o capacity to 100 lbs o per sq o in o~ 
using a Mark III diving pump, 70"/o efficiento Use 100 fto 
of hose " 

4 o If a Mark III pump is 5 per cent efficient 9 how 
many revolutions are required to charge a cubic foot 
tank to 50 lbs o per sq v ino, using 1 length of air hose? 

5 o Repairs are made to the cylinders of a Mark III 
pump while on a job o No test tank was brought along o 
The diving officer decides to find the new efficiency of 
the pump by charging the diver 9 s air hose 9 consisting of 
four 50 ft o lengths~ to a pressure of 100 lbs o per sq o 
in 0 If 20 turns of the pump are required 9 what is its 
efficiency? 

6 0 The nameplate of a high=pressure air compressor 
gives its capacity as 50 CU o ft o per hour at )9000 lbs o 
per sq

0 
in v and 400 r , p .. m ,, If' this compressor takes three 

hours to charge a 210 cu ~ ft 0 accumulator from 2j?OO to 
)

9
000 lbs v per sq o in o~ what is its present efficiency, 

taking the rated capacity as 100% 

Because the diver requires at least l o5 CU o fto of 
air per minute at the pressure of his depth 9 it is nec­
essary that his air pump be turned over fast enough to. 
supply at least this quantity of air to his helmet 0 With 
hard work

9 
the diver may require 3 or 4 times this amount 

of air v 

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

Let R ~ Number of revolutions per minute required 
with the pump to furnish l o5 CU o ft o per 
minute of air at atmospheric pressu~e o 

N ~ Number of CU o in o of air the pump will fur­
nish each revolution if' it is 100% efficient o 
l o5 CU o ft c of air per minute~ lo5 x 1728 
= 2592 CU ~ in o per minute v 
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Then R: 2592 r op omo 
N 

Now let D = depth of water in feet o 
X • number of revolutions per minute required 

of the pump to furnish lo5 CU o fto 
(2592 CUo ino) per minute at depth Do 

Applying Boyle 9 s Law: 

P1: 1 atmosphereo 
P2 ~ absolute pres~ure of dive: (1 f oOJOJ D atmos­

phere) o 

v1 ~ volume of free air to be supplied to diver in 
1 minute:: XNo 

V2 = volume of air to be supplied to diver at pres­
sure of his depth in 1 minute~ lo5 cu ft o per 
minute ~ 2592 CU o in c per minuteo 

V1 :: P2 V2 

P1 

Substitutingll XN: (1 t oOJOJD) X 2592 
1 

Since R: 2592ll 2592: RN 
-N-

XN :: { 1 f ,, 0 JO JD ) RN 

N cancels out so that X = R(l f LJ OJOJD} 

We know that a pump which is less efficient must 
make more revolutions to deliver the same quantity of air 
because it has greater leakageo Then X must be inversely 
proportional to the efficiency if the efficiency is other 
than 100%0 

If Eis the efficiency in per cent of a pump less 
than 100% efficient? then 

X for a pumQ of E efficiencz ~ 100 
X for a pump of 100% efficiency ,--

or X for a pump E% efficient~ 100 x R{l f OoOJOJD) 
~ 

and for any pump 9 X ~ lOOR (1 f D (O oOJOJ)) 
E • -

PROBLEMS 

l v A Mark III pump is 75% efficient a How many rcpomo 
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are required to furnish minimum air supply to a diver at 
50 feet? 

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

Jo Calculate the ropomo required for a Mark I, a 
Mark II, and a Mark III pump to furnish air to one diver 
at 20 ft~, usine each of the three pumps aloneo All are 
80% efficiento 

4o Two Mark III pumps are available, each to supply 
air to one divero If one is 83% efficient and the other 
is 72% efficientj how many ropomo will each have to make 
if the divers are at 38 feet? 

5o A diver is to be sent down to 108 fto Two hand 
pumps» Mark III~ are available with efficiencies of 81% 
and 76%0 How fast must each be run? Can a relief diver 
be sent down? 

60 An air compressor is rated at 150 CUo fto of air 
per minute at 400 lbs o and JOO r op omo By charging the 
receiver to 400 lbso, it appears that the compressor is 
doing only 52% of this o A tachometer shows that it is 
making only 210 r opom o If speeded up to designed speed, 
will this compressor make its rated output? 

7o At what speed should a compressor be run to sup­
ply two divers at 100 ft o if it is rated at 10 CUo fto 
per minute at 90 lbso and 125 ropom o? 

80 How many Mark III hand pumpsi 75% efficient, 
should be used to dive on a wreck in 95 fto of water? 

In solving the foregoing problems, it will be noted 
that R = 604 for a Mark III pump, 8075 for a Mark II, 
and 9o33 for a Mark I o For a Mark III pump: 

X = 100 X 604 (1 t o0303D) 
E 

= 100 (604 t (604 X o0303D) 
E 

So X = 100 (604 t. ol04D) for a Mark III purnpo 
E 

This means that to compute the ropomo of a pump which 
will furnish a diver with the minimum air supply at any 
depth: 
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Multiply depth in feet by 0 0194 
Add 6 04 to the product 
Divide this sum by the efficiency of the pump in per 
cent and multiply the quotient by 1000 

PROBL~MS 

l o Compute similar formulae for Mark II and Mark I 
pumps o 

2 o Two Mark III pumps j efficiency 68% and 74%j are 
to be used o Find the minimum rop omo for 50 fto of watero 

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

4 0 A Mark III pump has been found to be 79% effi­
cient 0 Compute the formula for finding the minimum ropcm 0 

for any depth o 

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

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

The equipment consists of the following principal 
parts: helmet with weightsj pump, and air hoseo 

The general characteristics of the apparatus are as 
follows: length of stroke 9 3o75 inches; inside diameter 
or cylinders, 30375 inches; inside depth of cylinders, 5 
inches; delivery per stroke 9 (when 100% efficient)j 
33055 CUo inches; waste space of manifoldj lo5 CUo inches; 
length of piston rodsj 60375 inches; diameter of piston 
rods, Oo625 inches; thickness of assembled pistonj 1 inch; 
weight of helmet, (without weights) 9 26½ lbs; each lead 
weight, 8025 lbs; total weight of helmet, with weights, 
60 lbs; weight of pump .with handle, 28 lbs; weight of 50 
feet length of hose 9 16 075 lbso The total weight of the 
complete outfit is about 105 lbso and the maximum allow­
able depth is 36 feet o 

THE MILLER-DUNN DIVINHOOD 

The Divinhood may be considered as a diving bell 
fitted for the diver 9 s heado Air admitted under a pres­
sure in excess of the water pressure maintains the water 
level inside the helmet well below the diver 9 s respira­
tory passagesj when the diver is in an erect positiono 
The diver is thereby able to breathe freely while the 
rest of his body is encompassed by water v The helmet is 
of copperj cylindrical in shape~ with a domed top, and 
shaped with a rolled edge at the bottom to conform with 
and rest comfortably on a diver 9 s shoulders, upper chestj 
and backo The front of the helmet is fitted with a heavy 
bronze frame in which are located two helmet windows of 
plate glasso The windows are made watertight by being set 
in soft wicking soaked with white leado Securing the win­
dows in place is effected by right and left hand securing 
frames held by means of hexagonal head stud bolts to the 
helmet frameo Either glass may be removed for replacement 
without disturbing the othero The size of the windows 
forming the faceplate gives a wide range of vision with no 
blind spotso A guard with a long top and a short bottom 
prevents breakage of the glasso A handle is riveted to the 
top of the helmet to facilitate handlingo An air inlet 
connection, termed the gooseneckj is riveted and sweated 
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on the right side of the helmet~ curved downward and to­
ward the rear at an angle of approximately 35 degrees to 
give a fair lead to the air hose o The end of the goose­
neck is threaded and to it is secured the female coupling 
of the air hose o The bight of hose is led under the 
diver 9 s right armpit ~ brought up in.front of the right 
shoulder and secured by means of a marline stop hitched 
in an eye formed on the curve of the gooseneck c The bight 
of hose under the diver Qs arm must form a loop sufficiently 
large to enable the diver to throw the helmet from his 
shoulders in case of necessityo A copper baffle plate 
sweated over the air inlet inside the helmet deflects the 
air upon entrance and the flow is caused to pass over the 
faceplate~ thereby preventing the glass from fogging ~ 
Small holes in the bottom part of the helmet permit the 
escape of excess air in addition to that which escapes 
around the shoulders ~ Broad copper straps are riveted to 
the front and back plates of the helmet and are for the 
purpose of receiving and holding the brass clips molded 
in the lead weights c The lead weights prevent the helmet 
from lifting off the diver 9 s shoulders 0 The four lead 
weights are hung on the weight straps of the helmet9 two 
in front and two at the back~ through holes in tbe weights 
and helmet to prevent loss o 

THE AIR PUMP 

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

The bottom plate of the air pump is an irregularly 
shaped iron casting having a vertical standard in the 
center to which is pinned a rocker arm or beam of the same 
material

0 
Located at each end and i~tegral with it are 

vertical pads to which the lower cylinder head lugs are 
pinned 0 Four slots are formed in the edge of the bottom 
plate for securing the pump by means of large wood screws 
to a plank or platformo 

The cylinders p mounted verticallY j are of seamless 
drawn brass~ J , 375" in diameter with an inside depth of 
5 inches Each cylinder is closed at the bottom by a 
compositlon metal head screwed and ~weated per1:1anen~iy 
· 1 . cast with the bottom cylinder head 1s a nge t~ pbac!~ans of which the cylinders are pinned to the 
botto! plate o This method of securing the cyli~dersdpert 
mits them to move slightly in a vertical plane nor er o 
center their axis with the ends or the rocker arm or beam 
which makes a vertical arc on the down and up strokes of 
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the pistono There is a drilled~ threaded extension on 
the side of the bottom cylinder heads into which is 
screwed the air lead connection integral with the valve 
bodyo Inside the cylinder» the bottom head has an air 
channel scored out which leads to the air connection o 
The top cylinder head is threaded and screws on the 
cylindero Lugsj cast in one with the headj may be engaged 
by a hook spanner wrench for tightening or removalo The 
piston rod passes through a center hole in the cylinder 
head which forms a guide for it o Four other holes are 
drilled through the top cylinder head o These holes are 
primarily to prevent cushioning on the up stroke of the 
pistons but also for oiling the piston leathersj for heat 
dissipation, and for lightness o The rocker arm or beam 
pinned to the vertical standard of the bottom plate has 
drilled fork ends to which are pinned the upper ends of 
the piston rodso A socket formed in the rocker arm cast­
ing provides a means for holding the pump handlej which 
is held in place by a set screwo The pump handle is 37o5 
inches in length and is fitted with a hardwood handgripo 
Each piston consists of two cast disks with a cup leather 
interposed between them e The piston rod, threaded on the 
lower endj passes through a central hole in the upper 
disk and cup leather screws in a threaded hole in the . 
lower disko When assembled properly on the piston rod, 
the piston is one inch thicko 

The valve bodies» carried in a vertical position . ' are interconnected by a seven-inch length of flexible 
rubber hose and these parts constitute the pump manifoldo 
In the lower end of each valve body is screwed a nut with 
a 3/8 inch hole drilled through the centero This hole 
forms the suction intake for each cylinder o The upper 
inside part of the nut forms a seat for the inlet valv~o 
The inlet valve~ which is of the floating type~ has a 
short fluted stem and a flat seat faced with a leather 
washero This valve is held seated 9 due to its own weight 
and the pressure of delivery air when its respective 
cylinder is under compression o On the suction stroke the 
valve lifts 9 permitting air to enter the bottom of th; 
cylindero An outlet valve is located in the upper part 
of each valve body ~ They are similar in shape and size 
to the inlet valves 0 The valve seats down on a seat 
formed in the valve body o The compression stroke causes 
the valve to lift and discharge air from the cylinder past 
the valve to the air hose; the upper ends of the valve 
bodies are closed by nuts o When facing the pump manifold 9 

the right-hand valve body nut has an air connection for 
the male fitting of the diving hose o Near the manifold 
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air connection to each bottom cylinder head is a screw 
which may be removed to drain excess oil collected -in 
cylinders v 

THE AIR HOSE 

This is a flexible 9 vulcanized rubber tube surrounded 
by a two-ply 9 braided duck covering laid in rubber which 
is in turn covered by a smooth outer layer of rubbero 
The hose is 50 feet in length 9 Oo5 inch diameter of bore 
and with an outside diameter of one inch ,, One end of the 
hose is fitted with a brass male coupling having a com­
mercial thread which connects to the pump manifoldo The 
other coupling is of a female type and connects to the 
gooseneck of the helmet o 

This equipment is highly efficient to depths not 
exceedine 36 feet u Its use is not restricted to trained 
divers; the only qualification required is that the user 
be an expert swimmer c Being light 9 it can be transported 
easily and is quickly put in operation in case of emer­
gency o Tests have shown that the pump is 90% efficient 
when charging a capacity of 1888 cubic inches to a pres­
sure of 20 pounds per square in o Only three men are re­
quired for a diving crew 9 as follows~ Diverj tender9 and 
pump man e-

Under no circumstances should the helmet be secured 
to the diver ,, Additional weights should never be at­
tached to the diver gs body c A small life line should 
always be secured around the diver 9 s body and the surrace 
end held by the tender u 

The general care of the apparatus is practically the 
same as that required for the Navy standard equipment o 

NAVY DEPARTMENT 

GENER.AL ORDER NO o 49 0 

DANGERS OF HELMET DIVING 

WASHINGTON, Do Co. 
May 13 9 1935 

1
0 

Attention is called to the dangers ;nvolved in 
the practice of diving with the ~e~met and without the 
diving suitj particularly when diving to a_d~pth for 
which decompression is required o Helm~t diving has no 
advantage -0 ver diving with the full suit other than the 
comfort of the diver in tropical waters o In case of 
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difficultyj the diver can handle himself to better advan­
tage when wearing the full suitj and he is much safer 0 

2 o Before auth~rizing helmet divingj the officer in 
charge of the work will satisfy himself that the special 
circumstances make this procedure particularly desirable 
and that no undue hazard will be incurred by the diver 
Helmet diving to depths in excess of 36 feet will be c~n­
sidered ~nly_for experienced divers who have been recently 
engaged in diving o The officer in charge prior to the 
~owering of the diverj shall see that thejdiving air hose 
is looped under the diver 9 s arm and that there is no dan­
ger fr?m this source of accidentally pulling the helmet 
from hi~ headc Descents and ascents shall be made on the 
descending line or stage o Ascents shall be made with the 
helmet on and the air supply from the surface to the hel­
met shall be continued until the diver is on deck and the 
helmet removed o In all dives in excess of J6 feet~ as = 
cents shall be made in accordance with the decompression 
stages prescribed in the Diving Manual o Ascents from 
d~pths of 36 feet and less may be made up the ascending 
line or by stage hoisted from the surface at a rate not 
greater than 50 feet per minute u Divers should be cau­
tioned not to hold their breath but to freely vent air 
from the lungs during such ascents o 

Claude Ao Swanson 
Secretary of the Navyo 

THE IMPROVED TYPE "LUNG"- PLUG TYPE FOR AUXILIARY 
USE AS A RESPIRATOR (See Figure 6)0 

The principle of operation for both the old type 
"lung" and the improved types is identical in every re­
specto Since both the old and the improved types are 
used in the same wayj the training procedure involves no 
changeo 

The design of the metal mouthpiece is the most rad­
ical change that has been made v The new mouthpiece con­
sists of a vertical ~etal cylinder containing mica disc 
valves and air conduits for controlling the directional 
flow of the inhalations and the exhalations 0 The cut-
off valve is mounted on the top of the mica disc valve 
housi~go The rubber mouthpiece is of the same design as 
used in the old type "lung" and is secured to the metal 
mout~piece aft of the cut - off valve a The mica disc valves 
consist of both an inhalation and an exhalation valve 
The inhalation valve is annular shaped and is mounted von 
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an annular ring provided with two annular knife-edged 
seatso The exhalation air duct consists of a metal tube 
suspended from the annular ringo · The mouthpiece is secured 
to the breathing bag nozzle by a threaded connection of 
the winged nut type o By means of the winged nut~ the metal 
mouthpiece can be secured airtight and watertight to the 
breathing bag nozzle by normal hand pressure, thus obviat­
ing the need of wrenches or pliers for this purpose as was 
the case with the old type "lungo" 

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

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

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

The chemical in the "lung" c~nister will not protect 
the wearer against carbon monoxide v For protection against 
carbon monoxide it has been the past practice to furnish 
submarine respirators fitted with canisters containing 
the chemical hopcalite, a catalyst, which when brought 
into contact with carbon monoxide converts the latter into 
harmless concentrations of carbon dioxideo A small 
canister containing hopcalite has been designed to screw 
into the receptacle after the plug has been removed ~ 
Instructions for use are labeled on the can . It is 
estimated that these small hopcalite canisters can be 
removed :rrom their containers and fit into the "lung" 
receptacle in less than one minute and when used with the 
"lungn will protect against carbon monoxide for a period 
of at least 50 minutes o They will also protect the 
wearer indefinitely against inhalation of smok~o 
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Goggles will give escaping men better vision while 
ascending the buoy linej and suitable goggles are avail­
able for this purposeo 

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

With a complete apparatus including a regenerator 
charged with~ one pound of carbon dioxide and oxygen bottle 
charged to 1$0 ·atmospheres (equivalent to approximately 
2! cuo fto of oxygen), the following tests are necessary 
in order to determine whether or not the apparatus is 
functioning properly: 

lo CLOSING V.ALVE 
The closing valve is immersed in water and esc-aping 

air bubbles will indicate leakageo The main closing valve 
is opened after the valve is capped and then again immersed 
in watero Epcaping air bubbles will indicate leakage 
around the pfcking gland or valve stemo Then close valve 
and remove closing valve capo Providing no leaks occurred 
in the· above. tests~ place oxygen cylinder in frame and 
attach closing valve to reducing valve, observing that 
gasket is in; place a 

The by-pass tube is then connected to cooler and 
oxygen cylinµer, observing that the gas~ets are in placea 

The mout'hpiece, the inhalation and exhalation tubes 
are connecte~ to the cooler and regeneratorj observing 
that gaskets - are in placeo 

I 

"' 
2o CIRCULATORY SYSTEM 
First place the thumb over the aperture in the rubber 

mouthpiece and open the main oxygen valveo If admission 
and reducing valves are functioning properly and there is 
no leakage ih circulatory system of apparatusj the breath­
ing bag will .be inflated to its normal capacityo Leakage 
to outside atmosphere can be detected by the application 
of soap suds with a brusho 

Jo REDUCING VALVE 
If there is leakage in the seat of the reducing valve 

and if at the same time the admission valve is functioning 
properly, excess pressure will operate the safety valve, 
thus making leakage evident9 Such leakage can be remedied 
by suitable repairs to the valve seat a 
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4o .ADMISSION VALVE 
If the reducing valve is functioning properly but the 

admission valve is feeding above or below normalj such 
defects will be indicated by excessive inflation of the 
breathing bag or by lack of inflationo In event of such 
defects, suitable repair of admission valve or Admission 
valve seat will be necessaryo 

5 o ADMISSION VALVE .AND Rl.!!DUCING VALVE 
If both the reducing valve and the admission valve 

are out of order, suitable repairs will have to be made 
to eacho If such an unusual combination of defects seems 
presentj substitute a new reducing valve for one thought 
to be out of order and test the admission valve againo 

6 o SAFETY Va VE 
In order to test safety valve for proper functioning, 

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

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

7 o MOUTHPIECE 
The mouthpiecej containing valves and attached cor­

rugated tubes with connections~ is tested for air tight­
ness and functioning of valves in the following manner: 

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

8 o RELIEF VAL VE 
The mica valve in the saliva trap can be tested by 

putting solid plug connections in the inhalation and exhala­
tion couplings; then immerse the rubber mouthpiece in 
watero By removing relief valve and blowing into relief 
valve barrel~ any leakage through mica valve can be 
detected by air bubble.s issuing from the rubber mouthpieceo 

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

9 GENERAL TEST FOR TIGHTNESS If above tests have shown apparatus to be airtight 
and functioning properly, complete the assembly of the 
.apparatus and give the final test with soap.suds and 
brush a11'connections for airtightness, putting air pres­
sure in the apparatus by opening the by-pass momentarilyo 

INFORMATION ON HALF-HOUR APPARATUS 

Anal sis of Ox en in Lare Ox en C lindero 
The Bureau of M nes 9 specirications call for 98 per 

cent pure oxygen, impurity to consist of nitrogen onlyo 

Analysis of Air in Breathin 
When the wearer inha es from the apparatus and ex­

hales to the outside atmosphe~e at least three.timesj the 
analysis of air in the breathing ~ag is approximately 75 
per cent oxygen and 25 per cent nitrogeno 

Relief Valve and Saliva Trap. 
The relief valve should be used at least once in. 

t ty minutes thus enriching the mixture of air 
every w~n in ba ~with oxygeno This is an added and 
in ~heb~ie~~~to~ ofgsafety in case the apparatus cylinder 
esir~ e nitrogen than the specifications call foro 

conta ns more of a combined saliva trap and relief valve 
1u1 advantagthe ·ece is that when saliva is released to the 
in the mou pi . 
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Ill""'.' 

I 

outside 9 the air in the breathing bag is automatically 
enriched with oxygen o 

REDUCING VALVE o 
The pressure in the reducing valve is approximately 

three pounds per square inch o 

SAFETY VALVE o 
The blowoff pressure in the safety valve is set at 

approximately seven pounds per square inch o In releasing 
the safety valve gives a warning whistle to the wearer 

9 

when the pressure exceeds seven pounds 0 

PRESSURE IN BREATHING BAGo 
The pressure in the breathing bag upon exhalation is 

~pproxi~ately 3/4" positive pressure water gauge; upon 
inhalation the pressure is approximately 1/8" positive 
water gauge; the normal pressure in a breathing bag under 
ordinary working conditions is approximately 1/4" water 
gauge o 

INFORMATION OF McAA NAVY TYPE HALF-HOUR 
BREATHING APPARATUS. 

lo STEEL CYLINDERo 
Cylinder holds 2 =1/2 CU o ft o of oxygen at 150 atmos­

pheres pressure and meets the requirements of the Inter­
state Commerce Commission as shown by the stamp of the 
~ommission on t~e cylinder v The cylinder is J=l/4 inches 

7n diam~ter 9 7 inches in length~ and approximately 3/16 
inches in thickness o 

2 o OXYGEN CLOSING VALVEo 
. ~he oxygen closing valve consists of the following 

principal parts ~ brass forgings ~ copper tube 9 main valve 
by-passj valve~ safety capj connection for reducing valve' 
and by-pass~ and lock nut o 

(a) BRASS FORGINGo 
A brass forging is used rather than a casting in 

o:der to prevent oxygen leakage likely to develop under 
high pressure due to possible porous conditions of casting 

( b) COPPER TUBE 0 ° 
A straight copper tube 1/4" outside diameter 

closed at one end with two 1/8" diameter perforationsjl/2" 
from the closed end.~ is screwed into the intake end of the 
closing valve and projects 2" into the bottle when the 
closing valve.is installed in the bottle 0 This arrangement 
makes it possible to secure the oxygen from near the center 
of the bottlej thereby preventing sediment or moisture from 
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entering the closing valve 0 

( c) N'iAIN VALVE o 
. This valve controls the supply of oxygen to the 

:educing valve 0 The valve consists of the following mechan­
ical.features: the wheel is fastened solidly to a non­
rusting German silver stem; this stem has a shoulder on it 
above the packing gland in order that the wearer cannot 
screw stem out more than four turns and thus waste the 
·upply of oxygen by complete unscrewing of valve wheel 0 

One full.turn opens the valve seat o The end of the stem 
a nd casting seat makes a valve of the needle-point type. 
The threads on stem and casting are arranged in such a 
manner that the packing does not work down into the 
t hre~ds and make the valve hard to open or close o The 
packing gland collar is held in place by a lock nut so that 
when the shoulder of the valve stem is turned out the 
friction on the packing gland collar will not cau~e it to 
work loose, thus making a leak around the packing and stem. 

(d) BY-PASS VALVE,, 
This valve is for the purpose of furnishing 

oxygen to the wearer in event of failure of the reducing 
valve or admission valve to furnish sufficient oxygen 
and it is entirely independent of the main closing vaive o 

( e) SAFETY CAP o 

The safety cap is designed for the purpose of 
releasing the pressure in the bottle if exposed to fire 
during storage or transportation c The safety cap is made 
up in accordance with provision of Schedule lJj U. So 
Bureau of Mines, which requires that when apparatus is 
equipped with high- pressure oxygen cylinders the safety 
cap attached to the closing valve shall in addition to the 
usual fragile copper disc provided 9 be filled with a metal 
(such as Rose 9 s metal) fusing at a temperature of approx­
imately 940 C o Such fusible metal shall not extrude from 
the safety cap under a pressure of 150 atmosphereso 

J o REDUCING VALVE 
The reducing valve consists of the following prin-

cipal parts: high-pressure fittings 9 housing, flexible 
copper bellows, nozzle, and mechanism for controlling 
the supply of oxygen o 

(a) HIGH-PRESSURE FITTING. 
This is a brass forging which allows high-pres-

sure oxygen to be conducted to reducing valve and pres­
sure gauge

0 
It is connected to oxygen closing valve by a 

union nut and gasket,, The high-pressure fitting is con­
nected to the nozzle and housing by three brass screwso 
The other end of the high-pressure fitting has a needle-
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point closing valve which controls the oxygen supply to 
the pressure gauge and provides a means for the wearer to 
shut off the oxygen in case of leakage in pressure gauge, 
pressure gauge tube, or pressure gauge tube connections, 
without interference with the supply of oxygen to the 
reducing and admission valves o 

(b) NOZZLEO 
This oxygen nozzle forms part of the seat for 

admitting oxygen to the reducing valve and is made from 
non-rusting material, such as monel metal or German silvero 

{c) MECHANISM FOR CONTROLLING THE SUPPLY OF OXYGEN o 
The interior arrangemcint of the reducing valve 

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

4o SAFETY BLOWOFF VALVEo 
The spring safety valve is so designed that when the 

pressure of the reducing valve chamber reaches seven pounds 
per square inchj the safety valve releases to the outside 
atmosphere~ thus preventing excessive pressure and at the 
same time giving a distinct whistle, warning the wearer o 

5o METAL COOLERo 
This is a copper box 6-1/4 inches long~ J - 1/2 inches 

wide, and 2-1/2 inches thick, made of No o 24 B & S gauge 
copper o It connects with inhalation tubej by- passj re­
generator, and breathing bag o Enclosed in it is a metal 
tube supplying oxygen to the casting for the admission 
valve, which is also enclosed in coolero 

6 0 TELESCOPE ADMISSION VliLVE o 
This valve consists of a valve stem and two tele­

scoped parts; one end is fastened to the casting in cooler, 
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the other end fastened to the top part of breathing bag 
and two springs arranged in such a manner that when the 
breathins bag is inflated, the ·outer spring overcomes the 
inside spring tension, thus placing a tension upon and 
closinB valve seato The inside spring is used for the 
purpose of opening the valve seat and admitting oxyg~n, 
above atmospheric pressure, to the cooler and breathin~ 
bag. Vlhen the wearer inhales, the valye opens and he is 
furnished the needed supply of oxygen; the valve closes 
when sufficient oxygen has been admitted or when.he ex: 
hales

0 
Operation of admission valve depends on inflation 

and deflation of breathing bag o 

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

7. REGENERATOR o • th 
The regenerator consists of a hollow copper box wi. 

connections to cooler and exhalation tube o An opening 1s 
·ded in the regenerator with a suitable screw cap ror 

p~~;giing re~enerator with carbon dioxide without undue 
C o u . 
resistance to breathingo 

8 FLEXIBLE CORRUGATED RUBBER TUBES 0 

Fl xible corrugated rubber tubes are covered.with 
k. ette The tubes are provided on one end with suit­

s~~c in~al ~onnections to cooler and regenerator respec­
~i elm~ t~e other ends are fastened rigidly to t~e metal 

v~hypiece by shellacking, wire wrappingj ~nd tapingt o 
mou de of flexible material in order o These tubes are ma 
allow free movement of the head o 

9 METAL ~OUTHPIECE. . . 
0 t 1 ~outhniece consists of a tube containing 

Th~ me a . a disc valves arranged in such a ma~ner 
two horizontal ~ic d automatically except by some action 
that they are c ose as inhaling or exhalingo The hori-
of the wearer, su~h was adopted for this apparatus · to 
zontal typ~ of ~ave t with on other types of valves due 
avoid difficulties me 
to slip leakageo 

lo RUBBER MOUTHPIECE O t 1 th 
0 mouthpiece is attached to the me a mou -

The rubber h llacking wire wrapping 9 and tapingo 
piece by means ~f.s: has fou; straps -which afford means 
The rubber_mout pie~o wearer 9s cap and making airtight 
for attaching same ·t and his mouth

0 
A rubber flange ex­

connection between i 
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tends entirely around the opening in the rubber mouth­
piece and fits snugly between the wearer 9 s teeth and lipso 
Tvtro rubber lugs extend at right angles to the mouthpiece 
and are placed between weareris teetho 

llo SALIVA TRAP AND HAND-PRESSURE RELEASE VALVE. 
The saliva trap and the hand-operated release valve 

are attached to the metal mouthpiece in such a manner that 
the saliva flows into the trap o By reason of its u~tube 
mica disc valve and hand-operated release valve, the 
arrangement of the saliva trap allows the wearer to ex­
haust saliva or excess air pressure to the outside atmos­
phere, but it will not permit any external air to be drawn 
into the apparatus ~ 

12 o STEEL WIRE WISHBONE NOSE CLIP o 

A steel wire wishbone nose clip is used to seal the 
nostrils completely o This nose clip is attached to the 
apparatus by a strong cord to prevent possible loss by 
the wearer o 

13 o RUBBER BREATHING BAG o 

The rubber breathing bag consists of a heavy rubber 
fabric made in the form of a bellows with all seams vul­
eanizedo The bag is airtight and constructed of material 
impervious to gasoline fumes and other gases and vaporso 
The capacity of the bag when normally inflated is 5 liters 
of airo There is one opening in the breathing bag to the 
cooler 9 this opening affording free circulation of air to 
and from the cooler o The outer wall of the breathing bag 
is suitably attached to the admission valveo 

140 FRAMEo 
All parts of the apparatus are fastened in a compact 

manner to the framej which is non-rusting material (Dural­
umin) o 

150 HARNESSo 
The straps for holding the apparatus are made of 

stout webbing 2½ inches wide and arranged in such a man­
ner that an adjustment can be made at waist and shoulderso 
A ring is fastened on the harness at the intersection of 
the shoulder straps in order that the wearer may be hoisted 
bodily to safety in ·case of necessityo 

NOTES ON DIVING STAGE 

This type of diving stage was used for all diving 
operations conducted by the FALCON and gave excellent 
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results v Two sizes were carried v The rigging of the 
stages was identicalj the difference being in the sizes 
of the platforms; the larger size was designated as #1 
staee and was the size most generally used due to the ~act 
that it could accommodate three divers o The smaller size, 
designated as #2 stage, could accommodate only two divers 0 

However, a smoother operating condition was had by han­
dling two divers on the larger and one on the smaller 
size

0 
Two complete stages of each size were carried in 

the equi oment 0 The #1 stages were handled_bf the larger 
booms and the #2 s tag es by the smaller 9 (diving stage), 
booms o 

OPERATION 

The divers are dressed while sitting on a small.stool 
aced close to the stage; being taut 9_ the.stage whip 

h~lds the iron rods, (bale~{h rig~~; ~t=P~i~~rb:~~~ ~~!dy, 

!~!!!t!~db;r!s~~e~~=ri~~ne~a1!~.s1!hi !ool_~a~i!~ st!pped 
ove~ his right armo ~h~ st~~:9bho~~n~ r~~e st~g~ and 
guyed cleaI of t~e s~ti ~h:idive~ is s~bmergedo He remains 
diver ar~ ow~~~ilu~e assures himself that his suit is 
on the sage sand telephone are O.K. Then he 
tight, the air valve d ·s hauled to the descending line 
steps off the stage anth~ oint where the stage is put 
(usually made fast a~. 1lne he is given the-water lighto 
over); on the desc~n in~t back on board and the next diver 
The stage is thenth r~~~st reports "On the Bottomo" 
sent over after e 

GEr11TING THE DIVER ABOARD 

kl d to the descending line by a 
The stage is shac ~ow of shackle to line). This is 

ll-inch screw sh~ckle9 (ossibility of the shackle belt 
necessary to avoid th~ ;r screwed up too tightj caused by 
being either unscrewed~ end~na line under tension of 

• di alonO" the euc .,. - 0 
' th div its sli ng O ~ e as it is lowered do•;m to e -

the weight of the st af~ t 8 ~~ g e . The diver coming up the 
t top or irs U•- :, •• d limb er 9 s firs s , ~~arily meet the stage an c 

d • line must nece ~- ··1 f 11 descen ing . _ aainst the diver 9 s possio e a. , 
O n board ., Guardint~ a 0 

-,r , • 8 -.a bv the tenders while .. 1 must be e./\.ercL c, ... . 
extra v1g1 ance_. board the stHge . The telephone 
sssisting the diver a ou hly faiiliar with this phase of 
tenders should beht~o~he~ m9.y readily understand the f~w 
diving in ~rder ta ) words from the diver and transmit 
(often rapidly spokenFor example, the diver ascen~ing, 
them to th~ tender v t e and often calls over his phone, 

1 Or can see the sag fees 

- 107 -



"Slow," "Hold," "Up a little," "Lower, 0 etco; intelligent 
cooperation is, of course, the crux of any successful 
operationo At times the diver will find that he has turns 
around the descending line with his air hose and telephone 
cable, or he may experience difficulty due to tides; under 
these conditions a green tender and telephone man can 
cause the diver considerable trouble and annoyance while 
getting on the stageo With the first diver on the stage 
the second comes up and climbs on boardo The divers ' 
facing each other, they are then ordered to unshackle the 
stage from the descending lineo 

When working on the S-51 and S-4, divers usually 
worked in pairs, always sent down singly, but brought up 
in groups of two or threeo However, it was the practice 
to use two stages when bringing up more than two divers 
at one timeo Five was the' greatest number working below 
at any one time on the S-51 and S-4o Howeverj three and 
four divers down at one time was common practioeo 
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UNDERWATER ELECTRIC WEI.DING 

The equipment and procedure for above water electric 
welding are readily adaptable to underwater worko The 
technique, howeverj varies to some extent and it is esti­
mated that an experienced welder can learn the underwater 
technique with about twenty-five hours or practice under­
water. 

The first experiments in underwater welding were 
begun in the New York Navy Yard and carried on as rar as 
time and facilities would permit o These experiments were 
continued at the Experimental Diving Unit and the Deep­
Sea Diving School at the Navy Yardj Washington, Do Co 
A tec.hnique has been developed to the point where it is 
now possible to give a course in underweter welding to 
all student diversp first class o 

The equipment recommended for underwater welding is 
the :following: 

(a) One commercial portable welding machine, Do Co, 
with independent volt and ampere control, of 
JOO ampere, 50 volt capacity. 

(b) One insulated, flexible welding cable for the 
ground, size 00, and one insulated cable for 
the electrode leado 

lo) Electrode holder of "Stoody" type, or one simi-
lar in des·ign o 

(d) Suitable "C" clamps to secure a ground wire to 
the worko 

{e) Wire brush lStock Noo 42-C-17840) . 
(f) One carrier for welding rods and brush (See Bu. 

Ship's plan No o 434634» Washington Navy Yard 
Noo Al275) o 

(g) Chipping hammer, (hand) 9 with metal handle o 
{h) Welding rodsc Type 1, Grade EA, Class 1, 5/32'' 

diameteru (Una-Weld 2500 or Fleetweld Noo 7) 
(i) Acetoneo 
( j) Celluloid o 

(k) Supplementary faceplate for diving helmet, C&R 
Plan No o Jl8847. 

(1) Lens for faceplate Noo 80 

(m) Lens for faceplate Nao 60 

(n) Lens for faceplate Noc 4 o 

PROCEDURE 

In order to carry out welding underwater it has been 



found that the voltage and amperage must be raisedo Where 
18 to 22 volts and 140 to 165 amperes would be used to 
weld .with a 5/32" electrode on the surface, it is sug­
gested that 28 to 32 volts and 160 to 190 amperes be used 
for underwater work with the same electrodeo It will be 
found that this increased voltage and amperage will pre­
duce a tendency to heavy undercutting o 

Normal (Straight) polarity is preferred for under­
water worko The ground wire from the welding machine to 
the work is positive and the lead from the machine to the 
electrode holder is negative o Reverse polarity with the 
ground wire negative and the electrode positive cannot be 
effectively used since electrolysis will cause the holder 
to be.unfit for use in a few hours; however, if reverse 
polarity electrodes are used» equally effective welds can 
be made although deterioration of the holder continues 
rapidlyo 

In general the equipment from the welding machine 
to the electrode holder is the same for both underwater 
and surface welding v It is essential that the welding 
lead and ground wire insulation be in good condition and 
all submerged joints be well taped and water tight in 
order to reduce power loss and electrolysis to a minimum 0 

Commercial flux=coated electrodes must be given a 
waterproof insulating coating ~ A number of coatings have 
been triedo The most satisfactory found to date is an 
acetone celluloid compound o The procedure in applying 
this coating is as follows: 

(1) 

( 2) 

( 3 ) 

( 4) 

( 5) 

Manufacture a container by welding a base about 
5" in diameter to one end of a piece of 2" 
pipell 13!" long o 
Manufacture a drying rack by drilling holes 
about 5/32'' in diameter along a piece of two­
by-four o 

Fill the container to within J.u of the top with 
the acetone solution o ~ 
Dip the electrodes and wipe off excess solution 
when removed from the dip o 
Place uncoated end of electrode in the drying 
rack, being certain to keep them separated Do 
not touch until completely dry 0 ° 

After electrodes have been dipped and drled they may 
be stored indefinitely in the usual mannero Nevertheless, 
care must be taken in handling to prevent scraping or 
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breaking the waterproof insuiationo 

WELDING 

Welds in mild steel plate made under water should 
have about 80 per cent of the tensile strength and about 
50 per cent or the elongation of welds made in airo At­
tempts to weld materials other than mild steel under 
water may not be successful because the rapid cooling of 
the metal by the water will prevent the necessary flow of 
metal to give sufficient fusiono Furthermore» the char­
acteristics of the material welded may be affectedo Mild 
steel patches, however, can be welded over holes in armoro 

A Noo 8 welding lens will give the diver excellent 
protection in clear water and will permit him to see what 
he is doingo Muddy water may require the use of a Noo 6 
or Noo 4 lenso Goggles with one lens removed may be worn 
by the diver for a quick jobo He must use one eye at a 
time with this rigo When much work is to be done, it is 
recommended that the welding lens be attached to the hel­
met in place of the faceplate guard as shown in the "Sec­
tion on Divingo" Skilled welders should be selected for 
the course in underwater weldingo Experience has shown 
that a good welder will soon learn to perform satisfactory 
work under water once he understands the rudiments of 
diving

0 
It is quicker to teach a welder to dive than to 

try to make a welder out of a divero 

While welding under water, be sure to hold a rather 
short arc and run straight beads slowlyo FUse the metal 
well and fill the undercuto Weld downward on vertical 
work with the electrode pointing at an angle of about 45 
degrees to the worko Oscillate the electrode about 1/16"0 
Advance very steadily, laying a narrow bead abou~ 5/1.6" 
in width. overhead welds are somewhat more difficult to 
make than either flat or vertical weldso 

No attempt should be made to weave the bead as this 
traps slag

0 
Clean each bead well with a wire brush and 

chipping hammer before running another bead along ito 
The wire brush should be weighted with a piece of lead 
tacked to the wooden backo The diver must have a steady 
platform on which to work and should attempt to brace him­
self in order to hold a steady arco Since the arc gives 
off bubbles and smoke, the diver must place hi~self in a 
position so that he can view his work from a side angleo 

If there are breaks in the bead, the welder is ad-
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vancing unsteadilYo· It will probably take the welder 
some time to become accustomed to welding in a divi~g 
suit as freedom of movement is somewhat restrictedo 

While 5/32" diameter electrode is the most satis­
factory size for general work and is the maximum size for 
general work to be used in sea waterp it is suggested that 
1/8" be used for overhead worko 

UNDERWATER CUTTING 

Underwater cutting under normal conditions should be 
performed with either the oxygen-hydrogen torch or the 
electric arc oxygen torcho Steel plate can be cut 9 how­
ever, under water by using the welding electrodes with 
insulated coating ,and other equipment required for under­
water welding if 50 volts and JOO amperes are used as a 
power supplyo In order to do this the diver merely punches 
a series of holes in the plate to be cuto 

8 September 1942 

Metallurgical Laboratory Report Nov 2912 

Subject: Underwater Arc=Welding Using Westinghouse Flux­
.Axe (SW} ~lectrodes = Test ofo 

Reference: (a) Specification 46-E-3 (Int) of 1 December 
19410 

Enclosure: (A) Photographs N0 9 So 1363-42~1444=42 and 
1789=420 

lo Tests have been conducted by the Metallurgical 
Laboratory on arc-welds produced by diver~ Check Noo 616023, 
under 20 feet of watero The welding was performed on 3/8" 
and 3/4" mild steel plates with Westinghouse Flux-Arc (SW) 
5/32" electrodes? using 195 amperessi 30 to 35 voltssi D0 Co 
currentj reversed polarityo 

2o Physical Tests 
Welds made on 3/8" galvanized and black mild steel 

plate, photograph Noo 1444-42~ enclosure (A)si were 
subjected root bend tests as specified by reference (a)si 
and also transverse tensile tests with the following results: 
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Black to Black 
~ensile Strength---- 62»000 psi¥­
Yield Point--------- 50»000 - " 
Elongation---------- 17019% 
Root B~nd----------- 55 degrees 

*----Broke in plateo 

Galvanized to Black 
66 9 500 psi* 
57,200 tt 

17019% 
40 degrees 

Welds made on 3/4" plate using the electrodes with 
and wlthout a coating of acetone and cellulose were tested 
for deposited metal properties as specifi~ddby r~re~e~~rd 
(a)j Figure J

0 
The physical properties o eposi e 

metal samules were as follows: 
• Flux Coated 

Tensile Strength------ 68»500 psi 
66,500 " Yield Point-----------

Elongation------------ 2°3% 
Redo of Area~--------- 5°8% 

No Coatin9 68,000 psi 
66 j 000 tt 

)o9% 
8 o5% 

f the welds were prepared 
Jo Transverse sections o on the photographs of 

and Macro-etched and are shown 
enclosure ( A) 0 

Photo~raph Noo 
13 3-42 
1444-42 

1789-42 

Macro=Section 
Lap Weld-l/4tt Black Mild Steel 0

• Mild 
Butt Weld 3/8" Black and Galvanized 
Steele 
Butt Weld 3/4'' Black Mild Steel Flux 
Coatedo 

4o Remarks: duced under 20 feet of water using 
The welds pro (SW) electrodes produced sound de-

Westinghouse Fluxh·:u'~ tensile strengtho No particular 
posited metal of _ig db the tests in the use of a 
advantage wa~ indicat~he ~lectrodevs original coatingQ 
special coating over 

J., F O Mills 
(Sr

0 
Materials Eng 0 ) 

underwater welding _and For further information on 
electric cutting refer to: 

sh· v Restricted Letter QJ?/W & c-
(a) r~J:(~),,688):sEN 28/AZ-ll, dated May 12, 1941, 

{b) Bureau of Ships' Letter S92-(2)(8688), EN 28/P.2.-
11, dated February 17, 19420 

he above tests are on file at the 
Photographs ~i ~ Bremerton Washington 

Puget Sound Navy ar » ' 
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