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INTP_.DIJUC TION)J

Anticipating the increasing use of underwaber swimmning

and diving techniques at the Woods Hole Oceanographic Insti-
tution, particularly with the Cousteau Aqua-Lung apparatus,
the author has assembled a number of facts and opinions,
These are gathered from his own and colleagues' experiences,
from scat-tred references, and from the personal e.dvice of
U. S. thavy personnel, for the purpose of fwniliarizingsthe-
Sbagirnng diver with -mPany of the factors- Involved ill-a &suc-ý
Sceusful divea

This manual is not intended to subs.titute for the oar-
sonal supervision of experienced and covimetent underwater

The ease with which most self-contained underwater breath-
ing apn.atus can be used may invite the student diver to enter

the water ignorant of potential dangers and ways of avoiding
them. Even the experienced diver may be confronted by dangers
stemmaing from the environment or from possible carelessness,

For more details concerning Aqua-Lung maintenance, physio-
logical aspects of diving, and the mechanics of undersea explo-
ration, the reader should refer to the bibliography; references
in the text are indicated by underlined numbers in parenthesis,

Although this report is not intended to be a complete
guide for all phases of self-contained diving, dwelling in-
stead on many problems which affect the efficiency and
safety of the Aqua-Lung diver in particular, the greater
percentage of the matersial presented will apply equally as
well to many other ineans of self-contatned diving which
use air for-breathIng.

Seilcontainad diving is a relatively new activity,
continually increasing In scope. and surprisingly little
has 1bn done to colP-t detailed inforeation and reference
material under one cover.

ThIs report shou-ld also answer many questions from
Interested parties--diving students, fellow worLers, pro-
ject supervisors, ete.--which cannot be found answered in
the available literature. The diver of some experience
may also be interested,

Discussions of cold-water s n nde.rwater comr.runi-A-
cation, the use of the less coumon semi-closed or closed cir-
cult apparatus (oxygen re-breather type), the advantages or
disadvantages of using such apparatus in place of the Aqua-
Lung, use of gas mixtures other than air, and hazards facing
the diver from marine life are beyond the scope and intent
of the present m-anual. Concerning the latter the reader may
draw his own conclusions, assIsted by the reference material
provided. From his limited experience with cold-water swim-
ming, the author believes that the adverse effects of such



U, -2-

activity deserve the utmost consideration from. the effi-
ciency and safety viewpoints.

Finally, it was not the author's intention to dis-
cuss the more pleaasnt aspects of free diving, To allay
the readerrs .possible doubts, it riust be stressed that

.Amua-Ltu~g .divinaý is not one it=-dy-procossion of diffi.-
cu. ltes anp, ptoent i .... Y S, b.c can be a very enjoyable
and rawarding experience to the oceanographer who has an
understanding of many problems which accompany the great
privilege of direct obnorvation.

:[; i
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APPENDIX

As this report goes to press, the author wishes to
call attention to some more recent contributions which
illuttrate the expandl•ng use of self-contained diving
apparatus among oceanographers.

1. The reader will observe in Section I that the author
"assumes that th. prospective AqUa.Lumg diver is already
a proficient swioer, etc. This statement shou-ld be streng-
thenedz Lack of ability to swim well can only lead to
trouble, at least in the long run; the reader is urged to
connld•,ý the ....... end..iuors of a diver of long experience.
See Qualifications for a diving certificate and An outline

of dia n ts nIerit
of California, ScrIpps Institution of Oceanography. The
form.er, especially. , will suggest some swImming exerc-ises
appropriate as training prior to Aqu:-Ltng instpuction6

SThe "Outline of racomm-ended training for Woods Hole
Oceanographic Ins-tit"tI -ion diving candidates" found in Sec-
tion IV should also be read with this discuss*on in mind.

2. The followinz two references, In addition to reference
no. 22 In the Bibliography, will be valuable to the reader

- interested in sor:e underwater techniques used with obviousI success In a submarine geological survey:

(a) Undsz-water 4-aplnjn by D-iving Ge olo4 atog, by 11. W4
I~nard RF P13, ~L, Ham!Ilt o73 D.OGz,

A ~oore., G. Sh-u~iiway, M4. &Silve~rman,, sand H. B,
SStewait• . Bull. Amer. Assoc. Petrol. Geol,,

SVol 38- No. 1. pp. 129--147

(b) Geolo&ýic Une of SelfA-Cot:aned DuivnA
by R. _. !-,I' 1arid.d G. Phumwa. Bull. Amer.
Assoc, Petrol. Geol., Vol 38, No. I pp. 148-157, January 1954

I"

i



SECTION I - enchanics of the Dive
This section assumes that the prospective Aqua-Lung dIver

is already a proficrent swirmmer, with considerable experience
In using the rask and swim fins. Surface diving occasionally
to depths of perhaps 30 feet is cxcellcnt peparai on. It
has been found that the individual bhaving little or no pro-
vlous experience with face mrnsk or ,,Lm fins has someu dIff-"
culty in adapting to the Aqua-Lung.

The ideal location for the initial dive is a swimning pool
or gently slop. g boac-h. Later, folowing an anchor line to
the bottom will often increase confideane in the beginner dur-
ing his first descent to any coalde'rable depth.

The Aqua-Lung is actually quite easy to use but training
involving a number of weeks or months usually Is necessary r
bafore the studert really can be considered proficient and
capable of makino concentrated observations of his sumrroundings.
In t.he mflortt of cases during the initial dives, the student

is m p...eoccup.•.ed. with 'Rkeepng alive" in the new medium.

A, rlpment Check

To prevent the face nask from fogging, smear saliva around
inside the face pJat . nd follow with d cpick rinse In the water.
Saliva is one of the best anti-fog substances,

Check tightness of mPask seal by attempting to Ianhale

through the nose. If watertight a suction will result, draw-
lng the glass towards the nose, It has been the author's
experience that a mustache or board may have to be sacrificed
to attain this tightness.

Inspect the rubber flapper exhaust valve, in the regulator I v
box asseo-bly, to insure that the slits are not stuck together.
The valve must o•en completely when exhaling and close com-
pletely wh.n Inhali.g. If the valv6 does not close completely,
water win antor the breathing tubes. This may be caused by
salt Particles if the valve was not properly rinsed in fre-sh
water ater the previous dive, The valve nay also show signs-
of deterioration, usually requtring replaceem-ent about once a S
year.

The cylinder pressure, which should never exceed the maxi- 7
mum rated porossure, must be checked before entering the water
and a r-ugh estimate of the diving time may be obtained from
the graph illustrating duration of air supply at various depths
(Fig. 3) It must be remembered that the beginning diver will
most likely consume at least twice as much air as the
experienced diver who has learned to control his breathIng.
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After the de..nd regulator has boan .. a...d to t r
cylinder and before turning on air, the hoses must be tested
for leaks by drawing on the mouthpiece. The hoses must also
"be examined for signs of deterioration, or cracks, or loose-
nres where attached to the regulator.

Turn on the air and breathe several times through the
mouthpIece to test the action. If orn pr-qp-rly a very
slight resistance will be felt on inhaling, but the diver-
soon accustoms him,•self to this pecul.... The regulator
will furnish sufficient air with normal demand.

Then place the mouthpiece to the ear. A continuous
_lighit hissing sound at this point indicates that the regulator

needs an intern&', adjustment or overhaul (*) " This leak is an
abnormal condition and should be remedied before attempting a
deep dive.

B. B canSjDeterminat~on

Buoyancy adjustuent depends on Une individual body build
and desires. For an effortless descant and ascent the diver
should be somewhat negatively buoyant with a fa~ll tank and
slightly positive with an exhausted tank. If much stationary
work on bhe bottom is requirea, the Aqua-Lung diver may prefer
to be negative at all times. In fact, some individuals bave
inherent negative buoyancy even without carrying divtng appara-
tus.

For most undopwater activities3, however, the diver will
prefer approximately neutral buoyancy and the follow ng pro-
cedure is recommended:

With the Aqua-Lung cylinder about 50% exhausted (approx.
1100 p.S.i.) slip off a float into water 8 or 9 feet deep.
While standing ver-tically in the water, with the arms at the
sides and legs motionless., exhale completely. If neutral you
will sink slowly to the bottola, only to begin rising as a full
breath L'2 taken, If this is not the case oadd welghts, one
pound at a time, until thie control is achieved.

Adjustment to neutral buoyancy will enable a diver to
make sm-al! denth corrections sinmply by breat'ing control, and
results in the most effortless dive. Otherwise, much air is
wasted by consta•t• maneuvering to -fqaintain the desired depth
level.

(*) Consult Overhauling the Aqua-Lun. Scripps Institution of C
o oceanograph efe rence r 5 72=i April 1953.



While on the subject of weights it miight be Interest-
Ing to notc that a 70 cubic foot Aqua-Lung cylinder charged
to 1800 with reg-ulator at-tachod, will weigh about
36 pounds in air and 2.1 pounds In sawtr h ai
tank when exhausted. may have a slight positiva' buoyancy of
abou---4 ounces-. - -- - ~ ---

in deterrmining or adjusting his buoyanncy with the appa-
r tUas th1-e diver ahould xmake allow"-nces for the accessories
likely to be carried. A cold~-water eXposura suit will also
affect thle ballast weight requiremornts because of its trapped
air pockets and different. vol-une. As an 3xa-iiaule. the Author
requires an additional 3 pounds ball -94 ror neutral buoyancy
with the 70 cubic foot tank and wearing bathing t1.ruraks, while
"a certain type of full-length rubber suit with hood requires
"a total of 14 pounds for the smxe buoyancy. When using the
70 cubic foot tank with bathing truiks In fresh waters the
author is very slightly negative--without Tany -ballast.

The author observed ýýn one occasion that although h~s
buoyancy was neutral near the surfacro (without a rubber
suit), he bacanne slightly nagative at a . depth of 100 feet.
Near the bottomý at this depth a full inhalation only en1-ab-led
hIm. to Pmaintain his present level., whfiile a complete exhala-
tion caused himi to drop quite rapidly. Although this pheno-
menon cauzed no inconvenience, the experience may be .intere-st-
Ing in that tho very slight comp~ression of tissuos under the
pressure of 1, at-miospheores was enough to ilightly reduce the
buoyancy.

C. Swin-ing Formt and Descant

When covering any distance under water with the Aqua-
L-ung the best swIivaing forra consiats of' keepiig the arias
at the sides (.K) and kicking the legs in slow sweeps. The
knees should be slightly bent; excessive bending is ineffi.-
ciant, Using the ar-ý_s will actually ilmpede the dtvter. With
tht, recormanded swilmming form-, a mInImum. consu-mpEltlon, of air
is possible and Dvaxirrdum speed muay bo obt::%ineýd. Th~e average
swimimfig speed with the Aqua-Lung, when used by a proficient
diver, is about 0.9 knots.

For the mtost rapid descent a vertical head-first p0-si-
ton rrayv be asauwed. %ilearingn the earo, however, will

RxnoEptic3n: w~hen visibility Is poor, arms may bs extended
_n~ front, so any object encoulitere! wtilX first be contacted
with the hands-~not the head, The- saie form should be used
on ascent to the surfaces ragardlIess of the vIsibility, to
protect- t~he head fr~om the hull of a bvat, etez
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govern the speed of descent. With conditionIng of the 6us-
tachian tubes and experience it is possible to swim down

Sthe first 100 feet within one or two minutes.

The ears riay sooni experience a "wedging" sensation,
sometimes witnin 10 or 15 feet below the surface. In eases
of unusual blockage,. this may be experienced within 6 to 10
feet below the surface. If discomfort in the ears persists

I or Wo•rn o1, •.-,...P cr -ly for a few second; and allow bile
air pressure to equalize fully in the passages. To facill-
tate the process the diver may blow through the nose while

,holding the mask firmly against the face, wiggling the jaws,
or swallowing: TeYporarily ascending a few feet often helps
in the failure to equalize.

Navy U.D.T. swi•mmers find that a nose clip (*) worn
under the mask will assist In clearing the eaui uore effoc-
tively than the foregoing procedures, if a slight pressure
is blown ag.inst the clip during descent, This clip will
not interfere with the nonmal equalization of the nfsk air
space pressures= nor with the eli.mination of .ater leakage
from the mask tsee Sect. II!-A),

If the discomfort cannot be eliminated return to the sur-
face or settle for a shallower depth. Otherwise there -is a

.. strong possibility of eardrtm rupture or a hemorrhage from
- the middle ear and t).ipanic me•mbrane through the eustachian
Itubes (sea S-cct I l..T

SThe attempts to equalize should not be pushed-Mto the
point of distinct pain since considerable demage to the deli-
cate tissues can occur without extreme discomfort. If ear
dIsco..fort persist. s on ropeatod diving sessions, despite the
foraegoIng measures, the prospective diver should be examined
by an ear-nose-throat specialist,

Under the ideal training program the trainee should be
e... nsed before the initial dive and treated, if necessary,

r the studont with potential equalization difficulties
wishes to conitinue in the diving progrin. In the case of
excess lym-phatic tissue arcund the eustachian tube opening

rit may be necessary to enlarge the entrance through a ser-ies
of radium treatments.

Never dive wItb ear plugs. They trap sir inside the
ears which reacts to pressure changes. Water presuiure can
force the plugs deep into the ears. The same rule should
atpply to the use of goggles, unleas there is some means ofSequa-lli-ng the pressure.

-)The DBSC nose clip app acrs to be suitable.

_ I



A more detailed discussion of routine ear care and
complications following eardrum rupture, "ear squeeze",
and "mask squeeze" will be found In Section V.

D-. D•rctho••... a Control and ConservatIon Of A•r

To ccnserve air the diver muw-st learn to breathe with
a slow easy rhytl•,. takirn the air gr. day l -abnther than
trying to fill the lungs all at once, Nervousness or other
disturbed mental attitudes of the diver which induce quick
breathing may cut the available diving time by 50%. Using

.the "flutter kick" described, the diver can learn to obtain
perhaps seven kicks from each broath of air when moving any

: Ii considerable distance under water.

However, the effort the conserve the limited air supply
* should not be carried to the extent of actual restraint of

the desire to brpeathe (*), Excessive holding of breath can
result in shortness of breath and eventual nausea from C02
accumulation, especially at greater depths, where it is now
believed that C0, buildup occurs to some extent even when
one is breathing normally". Increased physical effort
naturally increases breathing; and beyond a cartain point,
respiratilo becozmes unomfort••ble and may tend towards tun-
controlled ganring. The diver should learn to keep his
exertions within this limIt--which will generally be reached
sooner at greater depths.

* Economy of air usage may also be achieved by-asoending
when an appreciable distanca has to be cove.red betwoen
diving locations, and moving through the water just below
the surface. The reason for this suggestion follows: Since
the demand regulator fills the lungs with air at the pressure
corresponding to the depth of operations, the diving time
available from a given tank of compressed. air becomes less
with greater deptbs. During submersion the lungs fill to
the same extent as compared with the surface, but the actual

Scor•...t.ptio n of "tree air" (equivalent vol•,a-e of compressed
air at atmospheric pressure) increases nearly in proportion
to the number of atmospheric pressures found at the swimming
depth,

The arerawe rate of air consumption Is in the neighbor-
hood of one cubic foot per minute for a diver at the surface,
increasing by 50% or more during nxercise, From one series
of experiments it -as observed XL):

t*) If breath is held beyond the "spasm stage", unconscious-
ness may quickly fcllnw.
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, ~HOW REGULATOR W•ORKSL•

SBecause it unfa.ilingly supplies Vital air to the diver,
.5-ho demand Pa•gulatop (above) is called the h~art of the
Aqua-Lung, Water enitering the bane tha.-ough bnoles "A"

S~~~~acts against displ, Agm "B "•, w i h f r s t e b t o • l
Sof the lowar ehambar, Moventent of the diapb-rag.m actiates

•.valve "D" tb.---ough lever a_•rangerent "C"S ea•ous!• tir to
bleed from. tha upp~er chmbar WE" into-the lower one until

•. ~the sC3-_ pressup'e is eaualized. Th reae r In the lower•
r-bhx~ber, in combin-Ation with the• sprin3 '"F", then acts to
halit the flow of air fro-m the dlvev:s t.--ýk throug-h valve
"G". When the diver's breathing ren-oves air from the
lower chambor• through port. "H"o the cycle roepeats, itself
and is capable of matching the fa-stest br'.eathing rate.
Air exhausted from the diver's lungs is discharged into

th-aer -•ough a valve just below diaophragm f B". Dia-
phcragn and spl-ing-!ceding deV4ices are so calibrated that

:.•.•the vv~eheni%,-L works on a pressures diffo-ential of only 2
i• to 5 inches of water, and thIs is readily produced by the
i {•lung s,

i• •*) ~Repi=oduoed'by pormiss.-on of _Conm•r.s~ed•'e Air -Tfa•.azine,
I ! Aug-ist 1953.

iil
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1, the volume of free air expended at rest increased
almost proportionately wi th t~he ambient water
pressure down to 33 feet, but the volume used at
100 feet was 15% greater than the "calculated"
Amount. The incroftsed consumption rate at 100
feet may have resulted froma shiverina in the
colder watelr fond at that depth.

2. the volume of free air expended .duriý gexercise
tLended at greater depths to become less than the
"ca-lcula-ted" amount. At a depth of 100 feet this
amounted to a consuniption rate 37% less than pre-
dicted.

This may be part-y explained by the Increased
~partial pressure" of oxygen--equivalent at four
atraosphbilas (99 feet) to breathing 80% oxy~gen at
one atmosphere. This concentration of oxygen is
known to reduce the air consumption necessary dur-
Ing exercise at the surface.

However, It muast be taken Into account that' the quoted
perentgs raprasented an average cf a smiall nu'mber of Indi-

vidual performances, whore the effect probably varies from
tim totim ina gvenman, as well1 as betwecen individual

swi "aers.

The "calculated", op Predicted, dluration of air supply
at vari1ous depths shown in Fig. 3 Is based on the assumption

thaL~~~ tersrtor y ventilation of free _4 Iceae
exactly in proportion to the atabient water pressure expressed
In atmospheres. Although, as has been explained, the diver's
air consummptIon cannot be predicted with such accuracy,9 the

A- illuatrates the el.ffect of ona -factor which controls
the diving tima from a given q~ue.ntity of air.* The "Safety
Curve" contained in this relationship was plotted mainly
from the U. S. Navy Dacomnp~ressýon Table (Fig, 4) and concerns
only the problem- of "bands".

SECTION II General Precautions

A. E__ient

Secure the Aqua-Lung to the body with "safety hitches"
on t-he shoulder and waist straps. This is ac compli11shed by
passing the end of the strap back th-rough the first buckle
for several inches, leaving a loop of perhaps three inches
still cinched. One- sharp y&_nk on the end of this strap will
ceusa the hitch to come free~. This method Is not only con-
verýnient but allows a quick mteans of escape from the Aqua-Lung
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harness in caoe ()f an e-mergnydthn (see Sect. III.-BD)

The weight belt 3hould. be attached in) the same manner.

An Improvement of the standard Aciua-Lu-ng harness, made
at the Submarine E:-,A-A Training Tank in New London, Conti.,
consists of four parachute-type wide nylon straps, meeting

___in the form. of an "X on the diver s chest, allowing release
of the entire harness from one central point.

Ifs atheAualn eyladev iseulppwit an air safety

ing of approaching ta.-k exhaustion (see Sect. IIT-B). When
charging these tanks from a compressor or cascade system of
lar-ger cylinders the lever must be in the " dlown" position.

There are at least three schools of thought concerning
the placement of ballast weights carried by the diver:

i. One U. S. Navy group prefers to attach the weights
directly to the cylinder(s). Thu -s if "ditching"
is necessary, all the dead weight ofthe apparatus
falls away in one operation.

2. Most civilian underwater swimmers appear to wear
the weights on a waist belt. Therefore, if the
Aqua-Lung is taken off at the surface it would not
neces-sarily sink--as it would were the weights
attached.

In the final analysis, however, it Is much more
Important to save your life than the price of an
Aqua -Lung.

3. The author has decided to attlac-h the weights to
his person. A diver may some day Ifind himself in
a situation whe1`re he muast gain positive buoyancy
wi thotit partn with his air supply.

Above all. it, is wise to keep the nuiaber of s-t-raps and
accessories around the waist down to esoentials, This will
prevent fumbling when the diver has only a matter of seconds
to disengage the equip"Ment. Fasternings should be large and
simple enough to be orated ea.~y ne ae ihcl
hands or gloveýs. 11'nn oporations which -ecem quite 3iriple in

thesirbeome srprisingly awkward under water.

White parachute cord, leading f1rom, the diver to a yellow
float, or manl at the surface, Is a useful precaution pro-
viding it" Is riot likely to foual with a ship's screw or dock
piling, etc, Alwayb at-tach the line to the d~ver's person
(not to the Lung or the weights) by means of a l-arge snaphook--
which can be easily detached.



SIf a gasoline-driven air compressor used to charge
t1h cylinders, make sure that the exhaust gases do not con-

_____- taminate the air supply throhgh the compressor intake. Very
small amounts of excess CO or CO2 can make trouble for the
dveor. An e ---llcnt example of t;hls trouble is described

in Cousteau's book, The Silent World. The air supply should
also be filtered freee of oi] fiues, dust, and moisture.,

Never dlv, wi-th oxygen in the Aqua-Lung, as t" s can
lead to oxygen poisoning--involving general convulsions,
fits, Ci d unoonsciousness---or an explosion resulting froil

the presence of oil in the diving apparatus.

A C0 2 inflatable life preserver (*) is highly rzscoxended,
Thero Are s.tuations where the importance of this preserear,
slightly larger thEan a cigarette package, could be likened to
that of a parachute--tn its ability to bring the swimmer to
the surface and keep him there.

Always carry a knife, particularly when using or working
near lines. Lines are cut best under wiater with a saw-tooth
edge, while a straightedge works on fine wire.

B. Prevint!on of Air Embolism
A gi'ven qumtity of air doubles in volume while ascend-

Ing between 99 and 33 feet below the surface. It will double
again in volume during the last 33 feet-.a fourfold increase
in volume from 99 feet.

Alwavs breathe ccntinuousiv (or at. least 'xhale) durin
the ascent, and reduce ascent speed near the surface. A
s rule to follow is: never overtake the small bubbles on
ascent. The air in the chest will expand if the breath is
held or, ascent, and if this is carried to extremes the lung
tL.sues will .upture--forcing air into the blood stream.
ýfThIs results in air embolism (see also Sect. V) and possible
death, even though s recompression chamber--the best treat-
ment--is i=smediately available.

Thlq precaution is especially important in relatively
-h11low depths since the volume of retained air In the lungs

expands at a faster rate as the surface is neared. In fact,
San :_r embolism can. result by ascendtnF the last 7 feet while

forc• biý tfl ath Under extreme conditions

(*) The FLOTO preserver (Lucas Mfg. Co., Chicago, Ill) appears
to be most suitable, since It can be securely attached to the
diver,



ofV panic, the escape of air could be prevented by a spasm
of the throat mus-cles sealing the main lung passngeway.

___However, ordinarily the diver would not accidentally
reach this point; if riot bre-athing normally 111th feelirng
of' expansion -in the chest, or sensation of discomfort
behind the brLoastibone., would reminInd him to equalize.. Thea
Incidence of a'r emabolismn is very lo, pnrttcularly amorlg
viell-tvaz-e ahnd ýrýIeduneecr Swimmers.

The ascendIng swimmer should never wait for a felInx
of distinct _,in in the-~chest to signal the need for expel-

__ ling .i-r. The "ýbursting point" is not predictable. It has
been observed at the- Subimarine Escape Training Tank in New
London, Cormn.Y tbat the fow, students s~t-oicken with air embo-
lisira during Momsen Lung oscape training or "free escripe"
(with no bf-n-athing appliance) training gave no outward Indi-

A cation of pain in the chest before the onset of symptoms.
The dsanger of air embolism is paramount during the emergency

A procedure of "free ascent"., which is discussed In detail Inl
Sect. III-D.

Lincidentally, a sl-In diver who swims down from the
surface without a breathing a-liance, holding his breath,

14- is not concerned with this problýma Since the~ air pressure
in his lungts d-uring asscnt never exceeds the starting atmos-
pheric pressure.

-~ While on the subject of al~r expansion, it might be of
Intersst to note that during:,, very fast compression or decom-ý
pression (usually occurring onaly In recomproszion cheanbers),
one may have pain in defe-ctiva teeth fillings. During com-
pression (or descent) the air masy not get in q~uick enough to
cavities tinder tha ( filling, so the tooth may cave In. Dar-
Ing dec-ompression (or ascent) the air may not es!3ape fast
enough and the filling way be lifted out of the cavity.
Occurrence of pain in the teeth1 during diving should prompt
a visit 'to t 'he dei-tist, since th1-IS does not happen when the

L teeth are in good repair.

Duiga rapid ascent" with the Aqua-Lung 'the- air expand-
ing Inside the mask will ofi-n cause the~ mask to shirt posi-
tion. It might be convenient in this case to hold the maskc
lightly against the race with one hand,, or allow the excess
aIr to escaps undaer the lower edge.

C. Aoidng h Bns (Decompression Sickness, Caisson
Disease)

Below a depth of 33 feet the dIver has time liraIts,
d~mnishIng with increasingly greater depths, which allow
a normual return to the surface with little (if any) danger
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of contracting "bends", although the rate of ascent near
the stated limits should not be greater than 25 feet per
minute, Consult Section V.D for impoitant facts related
to this statement The U. S. Navy Decompression Table

T!iL7• 7 lists the exposure time limits (*), i.e., 2 hours
at 40 feet, 43 minutes at 70 feet, 25 m!nutes at a depth
of i00 feet, etc. ; these are- plotted graphically as a--__-
"Safety -Curve" -1 in- Fig -- 3. The- Aqua-Luhi-,e:6' sli-b&d- use depth-
tire combinations above this Curve to avoid the need for
d-a.compression stops during ascent (**) The deeper portions
of the Safety Curve are of little mo-re than academic interest
because the descent would use up most or A11 of the time.

The Aqua--Lunger should remrnember tLat (1) the exposure
times are cumulative in any 12-hour period, (2) the exposure
time limits include both 'time on the botton" and time of
descent from surface; exposure times at depths of 33 feet
or less are, of course, also counted as decent time, (3)
interpolation of the Decompression Table is not permitted.
To clarify, this means that if the actual depth or time
involved happens to fall between values given in the table,
the diver .... t decc2pre, s for the next greater Increment
of depth or time,

Where the depth measurement is felt to be inexact, or
if rough water effectively varies the depth, or if the diver
is doing exceptionally hard work, U. S. Navy diving officers
will apply the next !0-foot increment of the table beyond

Athat which would normally be used.

The oceanographic Aqua -Lung diver, in particular, Zmay
introduce a cooplication at this point by following "n uneven
bottom. If the bottom slope is known to be fairly constant,
and the depths considerable, the safest rule to follow in
this instance: began the survey at the deep end of the slope
and surface whon the maximum allowable exposure time fo1'
that deepest depths or the gre'atest depth encountered (buch
as a "dip" in the bottom) has been reached. An accurate
wrist depth gauge, pressureproofed watch, and compass are
necessary items in most diving, partIcularly in deep water.

(-) Not to be confused with "Optlm-um Exposure Time" referred
to in the Decompression Table.

(*-) Consider qualified comment by LCdr. F. D. Fane, CONUDU-1:
"Dives of over 170 feet are for experts with recompression
chambers innedlatell available, You are asking for trouble
to try greater depths--unless emergency requires."
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,oucerning repetitive dives the author quotes Lt,
Edward H. Lanphier, who is attached to the Navy Exp.rimental.
Divinr Unit: "The present Navy rule for reopetitive dives
leaves much to be desired from the Aqua-Lungers viewpoint.
In the first place, divers are urged not to make more than
on7"e. di-ve in a 24phour period where this can possibly be
avolded. if such dives must be made, the rule calls for.
decompr~ssion on the basis of the combined time of ';he dives
and the depth of the last dive. This will seem unnecessarily
restrct-v "ý.budc= -- th 1i s Jo fr~.-qiitl the case.

fHowever, it is probable that in certain circumstances where
a deep dive is followed by a shallower one after a short inter-
val, the decompression specified for the last dive would not
be sufficient. The only rule which can thus be considered
safe in all circumstances is: decompress for the combined
times and depth of the deepest dive."

"The French have developed special underwater swnimer
decompression tables, ch racterized mainly by "factors" for
repetitive dives on the same day, but the validity of these
has not been checked in this country (*).

D. Possibiiit-9of Nitr Naarcosis, or -Rapture of the Depths"

Approach with caution the effects of nitrogen narcosis
(see also Sect. V-D), causing progressively greater impair-
mOnt of judgment and sense of self-preservation, when diving
in excess of 80 to 100 feet. The effect at the first 100
feet of depth has been very roughly compared to the equiva-
lent--of one st_--ong alcoholic cocktail. Thereafter, each 33
feet of dopth (one atmoophere) .mlihtk be considered as another
cocktail. At 300 feet the most experienced diver may falter
at the si•.plest task° Since tho Individual reaction to
alcohol varies widely, the ecuivalents are used only as a
means of descriptive il~lstration. T-hey refer to "effective"
alcoholic cocktails.

"•It is the experience of submarine medical officers that
men with low alcohol tolerance or emotiomal Instability are
especially susceptible to duunkerness caused by high pressure
nitrogen. Mature, serious-mrinded indivIduals try to overcome
the effects of nitrogen uner high pressure by determination
and will, and can perform useful work at greater depths." (2)

The French Acua-Lung divo1 ... auric3 Fargues, of Captain
Cousteau's group, evidently passed out and drowned while under
the influence of nitrogen narcosis at a depth of 396 feet,
while on an experimental dive (16). Because of this

(F) Reference to: La Plonree en Scaphandre
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experience, Cousteau set the ultimate depth limit for his
group of self-contained divei-s using air at 300 feet (or
250 feet on a "working dive"), which corresponds to the
limits generally imposed on conventional deep-sea diving
rigs,

1-However, considering the fact that the self-contained
diver is "on his own" and that he has the additlonal pro-
blems of liminted air supply and decompression stages to

_ •250 feet has one foot on a tl _•htr on b...en t

In conventional suit diving narcosis can be reduced
or eliminated by substitution of helium (*) for nitrogen.
Unfortunately, for deep dives of limited duration wh

characterize the Aqua-Lung, this mixture of gases Increases
the decompression time required to avoid the "bends".

E. On Divi•g With a Partner

The following is a practice recommended by the National
Research Coiucil Panel on Underwater Swimmers (3)- "An
underwater swiraer should never go alone, but always be
a ccompani•ed by a partner.

"Daytime -- stay within visual range of each other.
in -hallow clear water the partner may
cb a sutrfaced swimmer, or be in a boat(**).

[of couŽ'so the partner must have the equip-
mernt and/or ability to effect a rescuej

"Night (or reduced visibility) -- use a buddy line
6' to 10' long,, connected to a partnr.

When a swimmer loses visual contact with his swim partner,
he should first 1 4iten for h11 breathing noise, h-n sig--
nal by barg.ing on cyltndear.q If not located--surface H

[and look for bubbles of partner3.

Aqua-Lung cylinders painted yellow will greatly extend
the visual range and this should be standard practice among

(*) Use of heli.m in deep-sea diving involves a very for-
mIdable amount of gear and a complex procedure.

(*) A small boat should be tending at any rate, when diving
any appreciable distance from shore or large vessel.



civilian underwater switchers--where obscurity is not required.

The author also suggests that, especially where a con-
isiderable distance must be covezed under water-as in a geo-

"logical survey, which may involve various changes of course
and many stops--the safer practice would probably limit the
numbihr of divers to one pair, to minimize the identification
problem.

If two A..u.-...n.. divers -r .. siing togther" and one
should "black out:' or lose control after losing the mouth-
piece or a coughing spell, etc., the other swimmer must
either give the stricken one a sharp punch in the stomach
or a tight aqueeze about the chest, to expel at least some
of the air before dragging to the surface, This is not an
:immediate way to riake friends, but the measure may save the
man's life. The reasons behind this suggestion are readily
seen in Section II-B (prevention of air embolism) and Sece.
tion III-D (the free ascent technique).

If propeller noises are heard at time of ascent, pro-
coed slowly and keep eyes open to avoid being struck,

SECTION III- Corrective or Emergency Procedures

Following:

A. Flooded E..uipent

If water has crept into the face mask the diver may
resort to a standard procedure. Take a deep breath, raise
the head, and blow through the nose, At the same time
lightly hold the top edge of the mask against the face with
onn hand. The excess pressure will prevent additional water
from entering--as the lower edge of the mask is lifted--
while the water alrcady present will be forced out. A method
of training consists of diving with fall equipment (also
including extra ballast to hold oneself down), ramoving the
mask under water, replacing, and expelling the water as des-
cribed.

As a precaution should the mask flood or come off, the
diver should accustom himself to the sensation of diving
without a face mask-.becomae used to the resulting reduced
vision and to having the nose uncovered In water. The latter
may require some practice--water tending to enter the nose
while breathing t1hrough the mouthpicce--particularly during
a descent.

Water which has entered around the mouthgrip into the
breathing hoses may be easily removed. The simplest and
most convenient method, if very little water is present, is



Ito swallow the water~. Another way consists of takiný a
deep breathi squeezing the intak6 hose (on the r4 -ht1)*

jZ and then blowing out most of the water through the exhaustz
This arjformince may have to b. repeated oieveral times.
Rolling over on the left side will greatly assist by drain-
Ing water Into the oxhaust hosme. B-roathing a little spray

i~s not uncoxmmon and is -nya reidrto clamp the Izouth-
grip a 11it tla ti; ght e r bet~weean thea tee oth. In -ftct, -th-a
diver's mouth imay become parched afteor breathing the fil-

b-Ard- r Or P"~ -=n- exte-nded period$ andiA ho mna-ydý 41bo-
rately allow a slight leak.

However, the presence of water could also nzean that
the exhaust valve or breathingz hoses have started to split
from deterioration or other causes, If the mouthgrip is
secure and the water cannot be cleared by blowing and swal-
lowing, ascend to the surface and examine t-he exhaust valve
and hoses f or leaks The low-pressure diaphra=_ (Fig. 2)
should also be inspected periodically for signs of flaws.

14 ~Accidentally losing the inoulthpi1.ece is a little more
serious than above, but still well within the experienced
diver's ability to overcome. * The followling method of clear-
ing the tubos is most convenient. With the mouthpiece still
removed, roll over on the back. This will place the. -mouth-
piece and, theiafore, the lower- cheamber (shown in Fig. 2)
at a relatively low pressure. External water pressure
actuates the diaphragm (exactly as ini nornR1 breathing)
and the autom-atic rush of air will partially clear the
Intake tube of water. The diver tl-ent inserts the mi-outh-
piece, with bubbles issuing, and clears the exhaust tube as
previously described.

In fact the air wilIl come fo~rtht at such a rate that
the diver may finid excess air escaping around the mouth-
piece. While clearing the tubes, the I~nexpert diver may
have to swallow perhaps half a mouthful, of water in the pro-
cess- If. is also soon found with experie~nce that if the
divar breathes face down, and quite slowly, the water pre-
aent will collect In the front, of his mouth inst.ead of
spraying down tha throat or AIndpipe,

There is an alternative mtzthod of clearing the tubes
where the diver is unable to roll over on his back (if
entangled). Hol'Ad mouthpiece above the head., higher than
r -tgalator, until air bubbles through intake tube and point

()Although sqezing the 'ins aoytb is not abso-
lutely necessary, especially if' the divar Polls over to the
left side, this toohnique may be preferable considering the
possibility of a leak in the inspiratory tube side.



Smouthpiece opening dow;nward to rmnimiz3 flooding. Raise
• head, insert mouthpiece, and clear exhaust hose as de.3-
• oribed.

T!he diver must train himself, under the irrm-iediate
of eerienced divr, to meet these situa-loo an dxpveanc•

i~~~ii~~r, floetq~mn. Tebst p-repafration consists• • ~ ~tions of flooded Lq.. .... ho ...... 3...... .
•-p_: of divirf -ta- about-8 or .10 .... eet of i,.!atver, standIng. or ].ying

on the bottom with a little extra weight, and removing both

-4•~ and Dm4uhnlc-e stmultaneously to practice expelling
- the water.

B. Exhaustion of Air Supoly

Exhaustion of the air supply during a dive is usually
not cause for alarm, particularly when the Aqua-Lung cylin-
der valve features a properly functioning safety reserve
device. Mhen the original cylinder pressure falls to approxi-
mately 300 p.s.i. the regulator begins to offer increasing
resistance to the diver's demand for air. At this point,
the diver will also notice the face miask moving in and out
with respiration.

rollowing the onset of these sy2iptoms, the resistance
becomes greater until after a minute or two--depending greatly
on depth and exertion--the air is effectively exhausted. How-
ever, stretching the remaining effective air aippl is an
exceedingly dangerous pracce. When the symptoms are first
noticed -the diver should l.irn..ntesy turn the reserve lever
"down" and make a normal ascent shortly thereafter. Actua-
ting the reserve lever •hus rsleasos the "sealed off" 300
pos . i.--allowing the diver about five or ten minutes, depend-
Ing on depth and size of cyilinder.

If the cylinder does not feature the reserve doc, the

diver should immediately stop whatever-he is doing and ascend
to the surface. Providing the diver breathes lightly, the
remaining air will probably suffice since the effective volume
of ail aavatilable to the diver Incrýeases at a more rapid rate
as the surface is neared.

Rhanning out of air is a comon occurrence, sometimes
L'ully intentional on the diver's part, and he soon learns
with experience the signs of approaching air exhaustion and
the appropriate steps to take.

Air exhaustion becomes more serious, however, with
SincreWi yPgreae d-uths. Due to the greater consu-.otion
STo ~ dcr a I- at these depths, the initial feeling of res-
triction will tend to arrive more suddenly and the diver will
have less time to "dawdle". Aqua-Lung cylinders not equipped



wihtesft eev eic hudntb sddee

th tecoe complereleyv dborevicn whatldver be usd deeper

particularly whren affocted by nitrogen neý-cosis, and may
nO~a ; aE) that the air - pply is approach-

I ting exhaustion..

In addition, the remaining air supply may be insuf-
ficient to allow a aeo ent no greater thain 25 'oat

pexr minute. in order to avoid "Iedy near- the !ime-depth
-4 'Limits imposed in the Navy Decompression Table,

there is one characteristic of the reserve lever which
th. aubc woldemphasize. Iftedescent was made with

~ I the reserve lever accidentally in the "down" positionj, thus
I by-passing the reserve indication (or first warning),, the

diver should consider the situation before beltel atemt
Ing to corro.ct matters under water by turning the lever "up.

- I If enough titma has elapsed before the mistake was realized,
the tank pressure may have fallen below the appr~oximately
300 p-s-1. stage where -the reserve feature normally gives

I the first war-ning to the diver. Whe-n this has occurred, the

air flow will cease abrutly (*) as the lever moves up.

This is import~ant while submerged because the diver may
have difficulty, after realizing& his so con-d mitstake, in
returning the lever "d.3wn"--due to the hands being cold or
clumsy with gloves, or due to a stiff lever.

-A ~ It Is inadvisable to surface with em~pty t1-anks too far
from ,4hore or assistance particularly in rough water.

__Jettisoning the weights hif any) may enable thle swiimmer to
utilize the slIaht positive buoyancy of the empty tank for
floating on his back, but It is not feasible to swim for
any appreciable distance with empty tanks on the back. It
Is impossible to swim face down with empty tar:Rs unless a
"snorkel" Is at hand. The Fenjohn Underwater Photo & Equip-
merit Co. A' trbutes a com iStlbinatiI onnorikel-mouthp leo e for
the Aqua-Lung which could be useful here, although its pri-
mary purpose 1s the conservation of cylinder air--if muach
swimmiIng is done at the surface.

In the spac~ situation, -the inflatable life preserve~r
previously mentioned could save considerable emibarrassmaent--
perhaps the swimmer's life, The diver should also accustom
himself to raleasing the Aqua-Lutng harness at- the surface and

to-Wing the apparatus behind--a techni_.que stressed atV the
Scripps Institution of Oceanography,

()This situation is not similar to normval exhaust-ton of
air supply.
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A self-contained diver, In prowling t~he sea, lake, or
harbor bottom--partAcularly wher~e the visibility is poor
or nonexistennt--a.wy exposes himself to the danger of
becoming entangled with an obstruictio~n or natural mrarine
growth. Dock 1-ilings, mooring and lobster pot lines, fish
traps, eel grass; and kelp (a seaweed with long Stems) are
typical hanards. ~'_h r f th~ j oeea~ ovet fo-curs the

* diver should remain calm and think bts wpy out of the situa-
tion--a rule which actually applies to every underwater emer-

__gency. 'kthrashing about only may ent-ngle him furth~er and
waste valuable air,

Two strong aids In this sort of disaster are (I) a sub-
stantial knife, (2) an accompanying diver. In the event
that the dive-r cannot free himseIlf from the entanglement
(as surrng hnre that only the apnarat-us is caught), he must
attempt to "dit~ch" the apparatus and make a "free ascent"
to the surface. The diver s3hould not part with his air

* supply unless all elue fails; neither should hie wait until
the air supply is exhausted before disengaging the harness.

D. Free Ascent Teehiu

_ -The free ascent tech~nique for Woods Hole Oceanographic
Institut.'on divers should be lear-ned under the supervision
"of naval personnuel at th-e Subyiniarine Escapeý Trainiing Tank in

-New Lon-don, Connect' cut, The student -d Iver ultima tely l earnz
to reach the surface safely==throvgh as muach as 100 feet of
water--After- d'iscard14ng his Aqua-Lung on the bottom.

The torza "free ascent" may also apply to a situation
where the ascending swimmer makes no une of hIc b-roathing
applilance, though still attached to his person.

Success of the free ascent technique depends uporn the
abilitv of the simrto remiain reasonably cal-nn and col-
lacted. Before attemicpting the Aqua.-Lung "ditch." and free

A ~ ascent at the Escape Tank, the student diver vrust feel

thoroughly at home in his apparatus.
'.L- 7Assuming that the air supply is sufficient for the

ditching operation, U-he diver releases the weight belt (if
any) pcedtoufsnthe two or three buckles which
secure the Aqua-Lung. If the safety hitch was applied before
the dive, one quicak yank on first the wai-st and then the
shoulder straps will cause tho apparatus to fall free.
Before startin" Lhe ascent, the diver clears his lungs with
several deep breaths, drops the grip from hiss teeth, and if
necessary throws the grip over his head.



___ •At this point the swImmer presumably will be buoya.nt
(*) and begins to float slowly upwards. To conserve oxygen
he should refrain from all bodily movements--even that of
shoving off from the bottom. The correct posture, as
taught at the New London Escape Tank, :1_ an erect, "stream-
lined" posit•l•on, with the handsi at the sides (;j) fand head
tilted uD to watch the bubble:.. After rising perhaps 14 or

• i 5 feet (-I-*-) he should begin releasing a m-all, steady
stream of bubbles--as if through a soda straw. !Me most
important part of th3 free ascent technique is to ascen. no
faster than the bubbles emitted. As long as the swimmer
ascends at a fairly steady rate, while at the same time sur-
rounded by his bubbles, he will make a successful free ascent
from at least 100 feet Ltime: approxixmately 45 to 60

seconds] w

Trained personnel have made free ascents from depths of
200 feet in the open water. There are also a few cases on
record where submariners with no pr-evious training in thisI technique have made successful free &seenrts from depths of

200 to 20 feet;c the latter however, must be attributedS • to *,'fortunate circumnstances . )

If the diver foolsthat he Is overtaking the bubbles,
he blows out air at a slightly faster rate in order to reduce
Sbuoyancy and slow down. If, as a consequence, he releases a
little too much and slows almost to a standstill, the breath
is held for a few seconds until a suitable speed is again
reached.

On the other hand, the swimaer may have grossly over-Scorrected in his attempt to reduce ascent speed, expelled
too much Mar, lost positive buoyancy, and started sinking.
Then, he must not panic (this is a critical point) but hold
'his breath for a few seconds while propelling himself up until
positive buoyancy is regained.

(*I) 1If a man has positive buoyancy at the surface, then

when hA fills his lungs to the same extent at any given depth,
A. he will also have positive buoyancy regardless of the depth,"

(Excerpt from, Manual of Free Escape from Submarines).

O(-*) In the open water, where visibility may be poor, an arm
shude Land above the head to fend off possible obstruc-

tions.

i(--) During Escape Tank training, the ascending diver observes
that at greater depths a relatively long pause before releas-
ing air will bo necossary, and fewer bubbles released there-
after, in order to maintain positive buoyancy. As the surface
is neared, however, the more rapidly ....pa.ding air should be
relieved by larger bubbles.



-25

AA

'1 t
1 a 5 • : :. :-,--

The Escape Training Tak at th N-ew -o. _on S m i Ba-e-

Thenstrctor Training hand sgal) thaeLndo pupbmare ~ine ase

"fre a t afer beahn cov,•pressed air in a lock.

SF i 6 . 5



- 26 -

The swinal may have to rely on his physical sensations

to ascertain whether he is rising or falling, and at what
rate. If the light is dim and the friction of the passing
water is not noticeable, the sure sign of an ascent occurs
when the air inside the face mask expands and tries to leak
around the edgea. Conversely. if descending the mask will.
... .ps more tightly aga is- thhe -f•-ca -hmnan senses may
become very confused in a watery environment, particularly
when excited and the water iz murky, with no fixed reference

-A point. Particles suspended in the water may prove to be
very useful reference points. Hairy-chested divers of con-
siderable experience claim that the chest hairs may give an
indication of direction.

The point must be stressed here that if the ascent is
properly executed, at no time will the diver feel short of
breath. As he floats upwards to the surface tho air expands
in his lungs and his only concern is to get rid of the
excess gas. Aside from a possible lack of coordination,
the rntrained free ascenter has the most to fear from fear
itself--which will burn up precious oxygen.

If the foregoing procedures are disregarded, the swirmmer
will either consume the oxygen stored in his lungs through
strenuous swimming movements or if the surface Is reached,
an air embolism may Pesult. The importance increases with
the starting depth; a free ascent from 15 feet will tolerate
more errors in technique than an ascent from 115 feet. The
coordination may be diffIcult to attain without previous
training under controlled conditions.

The swimmer inherently negatively buoyant (perhaps 3%
of individuals) will pre.sumably have to use his swi.im fins
during the entire ascent, and a safe arrival at the surface
may not result unless there is a line to follow.

When making a free ascent after squeezing (to inflate)
a CO2 preserver, keep the volume of air in the lungs near
the minimu• to avoid the distension which could result from
the rapid ascent.

E. Eardrum Perforation

A diver with perforated eardrums mnay discover his sense
of balance and direction temporarily upset. In fact he may
not distinguish "up" from 1"down"', and proceed in the wrong

j direction.

"If an eardrumi should perforate "h'l submerged, the
cold water may temporarily cause a temperature Imbalance in

-N the vestibular apparatus--resulting In a real hazard in that
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nausa ad dzziesscanoccur. The swimmer Is safe if he

keeps his mouthpiece in place and remains cailm for a few
minutes until the cold- water entering the ear becomes warm-
arid the violent vertigo is erddeda Hodn-nt -~mrged
object, or even hugging oneself might ansist."(3

SECTILON ILV ;- Suggested Safety Precautions and
Requirements (Physical and Psycho-
logical) for Underwater SwimmAers

A. F~roma the U. S. Navy and Na.tional Research Councll Panel
on Undetrwater Swiindiiaps

Since swimming involves a physical. exeirtion comparable
to running, a divi ng candidate should be in a state, of
general good health. Past history or evidence or. complete
physical examination of chronic respiratory or cardiova-scular
disorders sý.ouid ba&r a man from this activity. Other elimi-
nating maladies are: middle ear disease, exaggerated sus-

c~pibiityto -motion sic1kness, unusual sensit'vity to cold
wate~r exposure, excessive fear of the dark, claustrophobia,
or a tendency to take unconsidered risks.

'_J ~The swinirter mrust be psychologically and physically -fit:

1. ust pass periodic (perhaps seminannual) check ups,
with particular em~phasis on the heart and resppira-
tory systems.

2. Mu st 'Ifee-l Q.K. "--i.e., must not dive nor be pena-
lized for not diving when seriously desiring not to.

0*3, Must. not dive after exicessive drinking, of alcohol
until well rested and ill effects have passed.

() Should be well rested (usually eight hours of sle-ep
the night before dive) and when possible should be

permtted to rest after the dive, [In addition to
resting after a long, deep dive the breathing of
pure oxygen at the surface for about ten minutes
wuill help clear the blood of any excess nltrogenj.

SShould not dive irmmaedlately after eating; vomiting
may cause asphyxiation.

()Excessive alcohol in the system, or fatigue, can cause
a diver to become more susceptible to the "bends".
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6. It Is highly desirable that the diver be e'1n sh-ae".
Regular o.:zercises of running and skin diving have
been found to be good conditioners for underwater

swimmers.

definitely be a volunteer -,•tivity,

8. The underwater swimmer must be well aware of his
own psychological and physiological limitations.

B. Outline of Reco-mended Training for Woods Hole Oceano-

1. Complete physical exe.Inations, at least annually,
by a civilian physician and an ear-nose-throat
specialist (preferably one who 13 familiar with
complications resulting from pressure inequalities).

2. Diving instruction at Woods Hole. Oceaographic Insti-
tution--an undetermined length of te but pro-
bably at least six weeks. Particular emphasis
would be placed on the diver's ability to cope

4 with pressure changes and flooded equipment.

The above prepara.tion ray be sufficient for those indi-
viduals who will, restrict their diving to depths of about 40
feet or less. .

The advanced training listed below should be necessary
(if available) for serious, longiterm workers who plan
"diving to depths greater than about 40 feet.

3. Advanced tralning in underwater techniques (total--
one week) kit Escape Traiing Tank, U. S. N. Sub-
rmarine School, New London, Ccrn., which may include:

(a) Diving physical examinat -n !;,. submarine medi-
cal officer (in order to quL±ify for the fol-
lowing):

_ -(b) Dry pressure test in the recompresslon chamber
to 50 p.s.i., equivalent to 112 feet of sea
water.

(o) Momson-Lung ascents from the 18, 507 and 100
foot escape lonk~s

(-) (d) Free ascents from the 18, 50, and 100 foot
t escape locks.
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(-0) (a) Aqua-Lung Jettison and free ascent to the
surface from the 50 and 100 foot levels.

(*) (f) Formal lecture on tnderwater physiology, by
submiapine medical officer.

4. At least two wee:s' training in the open water
using the Aqua-Lung with Navy swimnmers.
OPTIONAL--though very useful in broadening
experience.

SECTIOIN V - Further Discussion of Some
Physiological Consequences
of Diving

introduction

This section will provide tho reader with a backgrotund
of infornation concerning physiological aspects of diving
which previously in this report were only touched upon.
However, this section is no less important to the underwater
sw"4 wimmrer's welfare.

The author gratefully acknowledges the assistance of
U. S. Navy medical officers in the preparation of this sec-
tion, which is in part quoted verbatim from them.

A. Ear Care and Comolications Due to Pressure IneQualities

1. "Ear fungus" is almost an occupational disease of
men who dive frequently without suits, particularly
in contaminated water or in wann climates. The
actual infection, however, is almost always due to
bacteria similar to those which cause pimples and
boils. Whether duc to bacto.ri o. fungus, preven-
tion lies mainly in kn-eping the ear canal as dry
as possible after each dive. Rinsing the ears with
a few drops of 50 to 70% alcohol will accomplish
drying without fuss, strain, or significant irri-
tatIon (which may result from using S.wabs).

(*) At the present time, this training may be obtained only
by special temporary assignment to a Navy U.D.T. group, with
consequently fewer opportunities for the free ascent train-
ing. If this is accomplished, however, the U.D.T. training
will also include that covered in (a), (b), and (c).

I
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Since an excess accumulation of ear wax will make dry-
ing t~he ears more difficult and favors the accumulation of
dirlt, it should be syringed out occasionally by a physician.

2. Continued descent in spite of inability to equalize

Spresure will produce at least some engorgement of
-- the; small blood vessels in the eardrum and the

lining of the middle ear. Repeated insults may
very well result in some f hearing loss.

When hemorrhage results from rupture of these vessels,
following additional descent, pain will be experienced (if
not already present) which may continue for some hours.
Beyond this stage actual rupture of the drum will take place.
In some individuals rupture can occur without significant
warning pain.

Once ruptured, t~he drums generally heal uneventfully
in a few weeks; but the fact that deafness occasionally
results means that the accident is not to be taken lightly.
The principal danger following rupture is that of Tctlddle-ear
infection. Folldwing exanination by a physician, the usual
rule foil treatment is a strict "hands off" policy--including
the insertion of fingers, swabs, plugs, msdications, and
especially water. Fulather diving of any type must be avoided
until permitted by the examining physician.

3. Wthen wearing a hooded suit the diver may experience
Sa senatlon similar to that of failure to equalize
through the eustachian tubes, even though the diver
Is clearing his ears easily. In this case the
diver has another clused-off space between the drum
and the hood (since the hood is in itself a closed,
nonequalizing structure). This condition can be
rectified if a little air can be blown past the
mask seal into the hood. The consequences of
failure to equalize this pressure are similar to
those seen in the more coemmon middle-ear condition.

M ,1 e is another phenomenon which may perplex the
observer who is unfamiliar with this machanism. The diver
may return to the surface with blood dripping out of his

_____ ear, though he insists that he "cleared" easily all the way
downo and may not have a rupture. In these cases the rela-
tive negative pressure has "pulled" a blood blister on the
drum, which then ruptured to the outside leaving the dr...

as a whole intact.

Pressure in the face mask must also be equalized on
___ descent. This is easily accomplished by lsetting enough

air out through the nose to relieve the sensation of suc-
tion on the face. Failure to do this will produce a
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localized "squeeze" and may thus result in nosebleed, hemorr-
hages of the conjunctive, wrin.- ling of the skin with inward

-A; leakage of water, etc. Goggles should not be used unless
provided with some means of equalizing pressure (i.e., a
small tube leading to the mouthpiece).-

.-. Nsebleeds following exposur-em to- pms.Sii" e ,ages .
probably consist of either nasal bleeding from a
squeeze of ofe of the accessory slinuss, usually
requiring no treatment beyond abstinence from
press'xre changes for a day or two; or nasal bleed-
ing from a hemorrhage into the middle car draining
through the eustachian tubes (the latter usually
occurring when the diver with hemorrhage surfaces
face down, with the blood entering the posterior
nares instead of the throat). This condition does
not -require any nore treatment than Uhe first type
of nasal bleeding.

The colored nasal di.'charge following deep dives is
the result of the air pressure in the sinus forcing out a
mucopurulent or purulent material from a chronic sinus infec-
tion. This drainage is of distinct benefit to the individual,
though damage will accompany if there are significant obstruc-
tion3. Considering the latter possibility, the individual
with a known sinus Condition should not deliberately attempt
to force out the miaterial through pressure changes.

An examination of the ear following a middle-ear hemorr-
hage through the eustachian tubes will reveal a relatively
red eardriLi, or evidences of distinct hemorrhage behind the
drum. Usually no treatment beyond abstinence from pressure
changes is prescxribed by the examining physician in these
cases, unless there is evidence of excessive lymphoid tissue
around the eustachian tube opening which prevents proper
equalization of presssro. The danger of middle-ear infection
is not very great following this type of hemorrhage.

The spitting of blood is usually the result of middle-
ear hemorrhage draining throuogh the eustachian tubes, but
can also occur following a squeeze of one of the accessory
sinuses.

5. Slight blockages of the eustachian tubes and nasal
sinuses may be cleared by using a Benzedrex inhaler
or a nasal sPray or drops such as 0.25% neosyne-

Z4 phrine, 1.0% ephedrine sulphate, 0.05% privine, etc.
These measures, in the case of an anticipated bloc-
kage. must be taken before the first dlve--instead
of as a cure for the next immediate attempt. A
person with a bad cold should not dive, as infec-
tious material may be forced into the middle ear,



B. Air Embolism

h•en the lungs expand to a critical extent (possibi-
I i ty indicated in Sect. 1I-B). thn excess in.ter-na] pressure
ruptures the lung air Sacs and blood -issels. Air is forced
into these runtured .iss;_es and b v•, vessels, causing aiir
babbles (the emboli"t) to enter the pul,-monary capillary bed.

the heart and the arterial blood vessels where they produce
the various symptoms of clrculatcry blockage (the definition
of "nrobolism") in the heart, brain, spinal cord, or other
vibal organs (2).

The manifestations of air embolism may vary according
to the individual, the severity of attack. and the time
elapsed qinc- onset. The following are symptoins usually
-seen or felt in a severe type of air embolism (2, 8)):

10 A "pulling" sensation in the middle of the chest

2. Reddish or other froth at mouth

3. Increasing nimbnezs in the extremities, with arms
and legs gradually becoming rigid

4•. Balance becoming unsteady; dizziness

51 Convul-,;1ons and biting of the tongue

6. Losing consciousness and becoming cyanotic (bluish)

The sy•upto-s below may be seen in less severe types of
air embolism, or in subcutaneous emphysema (air in the
tissues and not in blood vessels). The latter is often
called "air embolism", but not correctly so. It is less
serious, but should be treated.

I. A fullness in the throat

2. Voice changing to a brassy, flat quality

3. Speech becom.ing thick and mushy

ii. A "rattling" sound with breathing

5. An inflated condition 6f the skin over the collar-
bone

Treatment of air embolism involves recompresi2on--as
soon as lPossible--in a pressure chamber, where the constrict-
Ing air bubbles are diminished in size. Relief may be
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expected if the duralion and severity of sy.-ptoms are not
too great. Howover, death can result in severe cases by
cerebral anoxia or cardiac insufficiency even after prompt
treatment in a pressure chamber.

lIt has been sug/t:_sted by Kinsey et ai. (8) that "Placing
the casuilty in the loft lateral position w~th the head
lowered while being transpor'ed to the recompression cham-
ber and during treatment" may posibly save lives in some
circumstances.

There is no definite proof of the usefulness of this
position, but it is felt that the position may have some
possibilities on the theoretical level.

. Decompression Sickness (more cormmonly known as "bends")

A definite amount of nitrogen is always present in a
dissolved state throughout all body tissues, varying iavmong
individuals according to their body weight and fat content.
The degree of body saturation during a dive is dependent
upon three imin factors--depth of dive (pressure head),
length of dive (exposure time), and circulatory efficiency.
The dissolved nitrogen in the blood and tissues is only
slowly gained or lost by the body through respiration, and
tends to remain in solution except during changes fr~om
greater to lesser pressures.

The escape of this gas is called decompre•.ion, and the
time required for the process is known as decompression time.
If the decompression time is inadequate the blood and tissues
approach a state of supersaturation; i.e., they contain more
dissolved gas than they are capable of holding in solution.
If the human body contains dissolved nit-rone-n, at a pressure
more than twice the outside pressure. bubbles are formed in
the blood stream and tissues f1ester than the lungs can elimi-
nate the excess gas.

The bubbles bring about a condition of circu0latory block-
a&ze or local tissue destruction and, depending on the site,
pi.oduce synmptoms of asphyxia and chokes (bubbles trapped in
blood vessels of the lungs and heart), pain or paralysis
(bubble3 trapped in brain, spinal cord, or nerves), stiff-
ness and soreness of joints and muscles, and itch or rash of
the skin.

Redescent or recompression in a pressure chamber will
force the buhbles back Into solution and subsequent slow
return to atmospheric pressure will usually provide complete
recovery, as the excess nitrogen in solution diffuses from
the lungs. The diver afflicted with bends should be treatcd



at he first rraaniý1es~ation of the sick-nes Failure to
observe this rule may result In permanent damage should
the Rickness develop to an advanced degree.

F To those people who, following the onset of symptoms,
would recompress in the water with a spare Aqua-Lung, it

be stresnaedA th-at irlproper tr~etinent can leave 'he
diver in a condition worse than if he had waited for pro-
per Lea trent. The propup iveateantt reaqua1.r es_ t h a th--.aj u~-~
rogen bubbles be coimpletely absorbed in sol'ition as well as
squeezed down. to nonsympt-omatic size-; otherwise recur'rence
of sym pt1-omrs wilfollow- -aggravated by the fact" that the
diver may have 'taken up mnore nitrogen during recompression.
The location of the nearest recom~pression chamber, and
means of fast transportation Ifl case of em;,ergency, should
be known to eve-, diving activity.

Those tissues which require the longest time to become
completely saturated with nitrogen will govyern 'the rate of
ascant, cas fat iS capable of holdln2 over five times
as miuch dissolved nitrogen- as the water of our blood and

1A tissues, it naturwally will require a longer time to desatu-
rate this type of tissue. There are also tissues within our
body which are supplied by a mecager flow of blood for normal
sus3ten-ance. These tissues will also require a longer period
of time to rid themselves of their nitrogen since the slug-
gish rate of blood flow through them offers sluggish gas
diffusion. Experiments conducte-d on mran show that a --eriod
of 9 to 1.2 houivs is re qu.Ir:ed. to rid the humnan body of its
excess-d1iasolved n-1trogen. (2)

D-1vers are decompressed according to a schedule (see
Fig. 4) which ner allows the nitrogen pressure In the
tissues to exceed twice the total ambient pressure; within
this ratio of 2 to 1, bubbles will not form. Fop this rea-
son the Aqua-Lung diver- may ascend continuously (minimum
decomrpression time) to the surface from a depth of 33 feet

__ (2- atmospheres) regardless of e7%posure time.

Because *of the ralativoly long time necessary for fatty
tissues to becorre completely saturatcd with nitrogen, the
obs ier wi"ll have t',: advantage over the lean Individual
in the case of a short, deep, "boui-ce" dive,. Conversely,
the lean diver will ha~ve the advantage In a long, working
dive.

The probability of decompression sickness in! Any given
dive is also known to Increase wi th e.xorcise and age. Recent
over- Indulgence in alcohol, excessive fatigue, or & ge~neral
rundown condliton should bar a man fromn diving acti~ity.
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"Susceptibility to decompression sickness varies

greatly among Individuals and to some extent in the same
individual from time to time. It iL also influencod by
diving conditions in ways which are difficult to predict,
Consequently, a decompression table which ":ý ev----d bendsa
in all -lases would invol-vo much more restricted depth-time
linits Rnd much longer decompression stops than would be
necessary or practical for the vast major-ty of dives.

"The Navy standard decompression table was developed
and tested with this fa.ct• in mind. It wa.,i considered better
to encounter, and treat, an occasional case of bends than to
use a perfec-tly safe but izpractical table. Diving to the
exact depths and times specified may produce an incidence
of decompression sickness up to 5% without being considered
unacceptable. At some depth-t imes, the actual incidence
may possibly be slightly higher.

"The point forArn•T_ nfdivers to remember Is this:

the standard decomý assion table does not have the large
built-int9_,fe factor_ which ummor attributes to it, The
fact that it has been violated without serious consequences
can be attributed to luck and the lack of susceptibiiiiy of
the Individuals concerned--neither or which can be depended
upon indefinitely. Even applying the table 'to the letter'
can be expected to result in decompression sickness occaslo-
nally--and this is a much more serious matter where a recom-
pression chavmber is not at hand than it is in the usual Navy
situation for which the table was denigned. There is no
room in Aqua-Lung diving for taking lIberties with the
table--or ever for 'cutting it close'." (quoted from Lt..
Edward H. Lanphler, (MC), USNR).

The symptoms of compressed air illness have been found
to occur with the following frequency (2):

Local Pain 89 Per cent
Leo - 70% of these cases
Arm- 30" '

Dizziness 5.3 "
Paralysis 2.3 " "
Shortness of breath 1.6 " "

Extremie fatigue and pain 1,3 " 3
Collapse with unconsciousness 0.5 " •

"The typical case may begin with itching or burning of a
ioca!-z7d area. There may be a feeling of tingling of
the skin, or numbness. Occasionally there will be small I
red spots which vary from the size of a pin to that of a
dime. A review of several sets of statistics gives the
following figures (2):

• • i i | I I | I I m | | • • I • •I
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50 per cent occ urred wi thin 310 r,-Anutns AfLer re-ainling surface
85I 1"ihour
95~~~~ B t1hours '

1delaycd over 6 hours

D. Nit-rouen Niarc(osia

The miain actstit unnt~s of air a~nd their proportion- by
vol~uua are roughly: Nitrogen - 79,%, Oxygen - 21%, Carbon'
Diox•ide - 0.03%. Like most inert gases, nitrogen In the air
breathed at high ambient pressures can decrease Rmental clarity,
Impair judgment, and produce poor muscular coordination in. a
manner 5imfIilar to that found in alcoholic intoxication. The
narcotic effect is related to the "partial pressure" of
inhaled nitvogen and is therefore a function of the diving
depth. Nitxrogen is not in Itself harmful (the narcosis dis-
,appears on return to more reasonable depths) but the Impaired
iudgment interferes with performance and may precipitate acci-
dent,

The narcotic effects Increase progr-essively with dupth
urntil at About 280 to 300 feet even routine tasks become
extremely difficult. As in the drinking of alcohol, persona-
lity, notivntlon, and training in a specific task account for

the different reactIon3 among different men.

Although the proc3ss is complex and still an issue among
diving physiologists, experirz-nt"'s show that the narcosis xay.
be at least partbly due to a retention Of CO2 in body tissues.
'Nitrogen, a relatively heavy gas, under high pressure tends
to obstruct diffusion of CO2 fromi the lungs.,

The Meyer Ovarton theory of nitrogen narcosis states
that the xnarcotic action of gases i- directly related to
the relat"ive solubility of the gas in fatty organs (i.e.,
brain and spinal cord) And in water (i.e., blood and tissue
f'l 1 id -Fr expample, nitrogen has a52toIratio -while

helum as 1. toI rtio, which explains the raarkedly
lessened xnar-cotic action of hellurz under pressure. It may
be that the lipids in the central nervou 's system act as
oils in dissolving the nitrogen, Ln hnat snro~
under preosure.

in any evnt iYmmed~ate relief from nitrogen narcosis
is gained by reducing the eambIent "par~ial pressuare" of
nitrogen. There Is no aftereffect.
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* E. A Review of the Sallent "Leatures of AiLr Embolism,
~~ nd Ni trU acoi

There Is often confusion between thlo terms "air
embolism", 0-be5 s't nd "nitrogen nircosis'V. Thec- follow-I Ing Ournmary outl~nes some conditions conmqon to the afflic-
tions but differ!entiates the,.m on the basis of ori-gin and

.'nl cc C

1. The ascendiing dive.- may develop an emIbolism (cir-
culatory blcckage), caused by the presence of air
or nitrognn 1Yiubbies in the blood. stre.-mr. This
disorder occurs only during or following ascent
If certain precautions are not observed.

(a) in the case of air embolism, the blockage
occurs as the result of air introduced from

-A ruptured (overexpanded) lung tissues, when
a disturb~ed mental attituda of the ascend-
Ing diver prevents the normal relief of
expanding air in the lungs.

(1b) In the case of "bends", however, an embolism
results from the formation of nitrogen bubbles
within the blood strenm-~-thp gas being pre-
viously in solution, The excess nitrogen,
from the breathing air under high pressure,
had slowly dissolved In the blood stream1 and
l-ocally formed bubbles after a too rapid
ascent, (or relief of amibient urcesure) The
diver has no voluntary control over this pro-
cess other than ascending by decompression
stages sufficiently slow to allow the execss9
nitrogen. Lo leave the body through respira-
tionj if' certain time-depth limIts imposed
by the- Navy Decomporession Tnble have been
exceeded.

"Benrds" will also reefer to the squeeze of
tissoueýs and nerve cells if nitrogen bubbles

-~ form outside the blood strean. This conges-
tion way occur during a less se~vere attack
of the 'bends .

2. Nitrogen narcosis refers to the tempoorary dirug Ing
action of ~Ih iFipressure nitrogen on the central
nervous syst~em; the condition exists only as long

[ as the diver- breathes air at pressures consideorably
greateri tIan atmnospheric. The s;r~mptvcms of nitrogen
narcosis., unlike those of air embolism, and "bends",.
completuely disappear on return to more nor.-,al pres..

sures.There Is no aftereffect.
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'7A Press; Ltr., London, 1951

15, Shallow Water Divi-n, by H, Scenc'k, Jr,, H. Kendall.
iCoThel1 1~itIhTi•- Press, 1950

16. The Silent World, by Capt. J.-Y. Cousteau. Harper &
Bro s. 19T.

17. Fish Mfen Exi.lore a Now World Undersea. by C-ptt j,-Y.
ueau SE , IBa~tlon Gographico Magazine. Vol.

CII, No. 4, October 1952 (article)
18. La Plongee en Scandre., by P. Tallliez, F. Dum,,as,

J. -Y. Cousteau, H. Alinat, and F. Devilla. Editions

Elzevir, Parisi 1949

19. Manuel de L'Hormme Sans Poids (Plongeur Autonome), by
Robrt Gr us. Editions M.ari'.r...s et Colonlles,

i4Paris, 1953

20. L'Exploration Sovs-IMarine, by Dimitri Rbikzoff. B.
Ar L'aud, Pari s, 19

21. Divinng to Adventure, by Hans Hass. Doubleday & Co.,

22. Free Divine: A New Ex lora oa Tool, by W. N. Bascom
i,, H. hevlle (Scr-pps Inst. of Orenography) Airl•eri-
can Scientist, VoI. l, No 4, PP. 62-2 October
1953

23. Tba Skin Diver., P. 0. Box 128, Lynwood, Califo-nia

214. Sharks and Shark_ Rspe1ants, by Dr. Hugh Bradner (Uni-
versity of Cali.fornia, Berkeley) The Skindiver
1Maga7ine, AprIl' 1953 (article) pp. 5

25. *Sea Otters"Rescue Shark Victim, by R. B. Shaw. The
Skindiver Magazine, February 1953 (article) pp. 14
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26. Sharks and Their Behavior (with particular reference
A to Aight Genera impllcated in reports of attacks

on man). by Stewart Springer - Emergency Rescue
Equipiaent Section, Office of the Coordinator of
Reseatrch and Development, U.S.N., Washington, D.C.;
'October 20, 1943

27. FPinhes of the Weanrn North AtlAntic - Chapt. 3, Sihar,,
•-y ieniy B- bigelo, andT•I. C. Schronder. Mer.

SSears Found. Mar. Res., No. 1, Part 1, 1948. pp.

59-546
. That Mc-..rstood Fioh" the Shark, by Philip Wylie.

True. Magazine, Novemvbor 1g)52(article) pp. 331 62,
64, b6

29. The Adm2irable Barracuda, by Philip Wylie. Txue _gzine,
April 1952 pp. 35, 37, 54, 55, 56

The following references outline some reading which the author
has found appropriate to the subject" of cold.water i.anersion.

30 Himman irmeion and Simrvival in Cold Water, by C1. H.
Wynidan~ and D. K. C, .... ad Nat..... Vol. 167,
April 21, 1951. pp. 649

31, Research and DaveIopment of Life Sav!n rEri upment.
Kedicl Asitact hh Intelligence Objec-

tive Sub"Comlit tee, Reprint N'o. 484, Septalmber l8,
1945

32. Auricular Fibrillation Followin othermia - Report
o-r P Case, bj A. Graybuiel Capt(MC)USN, and C. T.
Dawe Lt(j.g0)(MC)USNR, U. S. Armed Forces Medical
Journal, Vol. 1, April 1950

33, The Pathologic Effects of Cold, by C, P. Yaglou and
A, R. Behnke " Chapter 9r in: "Prhinciplei of
Internal Medicine", by T. R. Harrison. The Blaki-A ston Co., Phila. & Toronto, 1950, pp. 759-761

34 Phys iological Responses of Men to Chilling in Ice Water
and .to 3low and Fast RewaraminW7 by A. 11, BEehnke and

G. P. Yaglou. F - he -- aval Medical Research Inst.,
Bethesda, Maryland. Journal of Applied Physiology,
Vol. 3, No. 10, April 1951. pp. 591-602
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