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INTROOUCTION

Aﬂticipating the iﬁCPﬁmSiﬂg usa of underwater swilmmlng
and diving btechnigues at the Woods Hole Occanographic Insti-
tution, pﬁﬂtinular1y with the Cousteaun Agua-Lung apparatus,
the author has assembled a number of facts and oplinions,
Thaaze arae g%rheyed from Hig own and colleagues' experiences,
from seattsyed references, snd from the pﬂ”aonal ndviﬂe of
U, S. Hayy parscnnal,; for the purposs of
baglnning diver with many of the factors
ceasful dive,

to _subgtitute for the pner-

Thts 1s manual is not ad
od and cenpetsnt undaruatey

in
sonal suporvision of SXPeT
mwimmers,

ntande
fenco

Py
L8

The eass with which mest self-contailned underwater breath-
ing apparatus can be used may invite the student diver to enter
the water igncrant of potential dangers and ways of avoiding
tham, Even ths expsriencgsd diver may be confronted by dangers
sterming from the environment or from posslble carelezssnssa,

For more dotails concerniang Agqua-lung malntensnce; physic-
logical aspscts of div_wg; snd the mechanics of underasa explo-~
ration, the readsr should rsfer to the bibliography; references
in the tszt are ndic%ued by Lnde*lined numbers in parenthesis,

Although thls report is not intended to be a complete
gulds for a2ll phases of self-contained diving, dwelllng in-
stead on rmany problems swhich affect the efflclency and ‘
safety of the Agqua-Lung diver In particular, the gPeﬂter

-parcentaze of ths mabterial presentod will apply equally &

Wall to many other means of s2lf-contalned diving which
uss alr for brsathing,

eli-contalned diving 13 a relatively new activity,
conki uglly increasing in scopne, and surprisin 1y 1ittle
has b%;ﬁ done to nmllsct stailed information and refersnce
material under ons ccver. ‘

3
o

11z report should also anaver many questlions from
interestod partiegs--~diving students, fellow workers, pro-
ject supervisors, eL_.~~4b ch cannot be found snswered in
the availablé literaturs,., The diver of some experlence
may also be interested.

Discussions of cold-water swimmling, underwater commui-
cetion, the use of the less common semi-closed or closed clr-
cult apparatus (oxygen re-breather type), the advantagss or
disadvantages of uaing svch apparatus In place of the Aqua-
Lung, use of gas mix tures other thaa sir, and hazerds facing
the diver from marine life are beyond the scops and intent
of the present manual, Concerning the iatter the rsader may
draw his own conclusions, assisted by the refersnce material
provided, From his 1limited experlence with cold-water swim-
ming, the author bslisves that ths adverase effects of such
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H activity deservs the utmost consideration from the effi-
] clency and safsty vlswpoints. .
& . .
Finally, 1t was not the authcor's intentlcon to dis-
! cuss the more pleasant aspscts of fres diving, To allay
; the reader's posaible doubts, it must be stregsed that
3 agaslon of 4diffi.

T eultfes Tand potentisl hazevds, but can be a very snjoysble
and rewardlng experience to the oceanographer who has an
undergtanding of many problems which accompany the great
rrlvilege of dirsct obasrvation,

s Agqua<Lung diving s not cone stozdy. proc
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APFENDIX

As this report goes to prass, the guthor wishes to
call attsntion to some more recent contributicns which
11liustrate tho expsnding use of sslf-contained diving 4
apparatus swong oceanographers. =

1, The rsader will obssrve in Sectlon I thet the author
"asgumes that the prospectlve Agua.lung diver 1s alrsady

a proficlisnt swimmer, ete? This statement should be streng-
thenad, Lack of abllity to swim well can only lead to
trouble, st least in the long runi the rsader 1s urged to
consider ths rascormendations of a divsr of long experlence,
Seo Qualifications for s diving certificate and An outline
of diving regulstions, by Conragd Limbaugh, of the University
of Californla, Secripps Institutlion of Oceanographny. Ths
formsr, eapscially, will suggest some swimming exerclses
appropriate as tralning prior to Agus-Lung instructlion,

TAE L g g v s g |

The "Qutline of racommendsd tralning for Wocds Hole
Oceanographlic Institution diving candidates®™ found in Sec-
. tlon IV should salso bs read with this disecussion in nmind,
2

. Ths follouwlngz two referances; in additlon to referencs
no, 22 in ths Bibllography, will be valuabls to the readsr
Interested in soms underwabter technligues used with obvlous
success in 4 subparins geological survey:

. (a)

ing by Diving Geologlsts, by H, W.
-jl‘?‘——, Dil.—i; ’E‘ . i&s’H&iﬁi’ltoil’D,G}'fk; e T
humway, M, Siiverman, and H, B,

S
Stewsrt, Bull, Amer, Asscc. Petrol. Geol.,

Vol, 38, No. 1, pp. 129-147

(b) Geologle Uass of Self-Conteined Diving Appsratus,
by H, F, Bill end G, Shumway, Dull, Amer,
Assoc, Petrol. Geol., Vol 38, No, 1; pp. 148~

157, January 1954
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SECTICHE I - Mechanics of ths Dive

This saction agsumss that Lhe pruugevtlve Aqua-Lung diver:
13 alraady a preficlant swimmer, with considersble expsrlence
in using ths mask and swim fins. Surface diving occasionally
to depths of perhaps QO feat 1s eoxcellent preparation, It
haa baen found that the Individual having 1little or no pre-
£H2

vious experience Wikth fece mask or swilm Peﬂs has soms diffi-
culty in adapting to ths Agua-Lung,

The ideal location for the initlal dive 1s a swimming pool
or gently sloping boacn. Later, following an anchor line to
the bottom wlill often increase confidevce in ths beglnner dur-
ing his first descent to =any considerabls dopth,

The Aqua-ILung 1s actually quite essy to use but iralning
involving a numbsar of wseks or months usually is necsssary
bafore the studert really can be consldsred proflcient and
capabla of making concoentrated observations of his surroundings.
In the majority of casas durling the initial dlves, the student
1s malnly prsoceuplad with "keepling alive" in the new msdiun,

A, [DFguipment Cheelk

To prevant ths face mask from fagginu, smear ssliva around
insids tha face plate gnd follow with & gquick rinse In the water,
Sellva 1s one of ths bast anti-fog substsuces,

ask seal bY att npt#“g to inhsdle
through the nosoe, If watertight a sucbion will result; draw-
ing the glass towards the nosa, It has hosn ths author's
évpevi ncs that a mustache or boaxd mﬁf have to be sacrlificed
attain this tightness,

‘Chack tightnsss of mask

Inaspsct the rubber flapper exhsust valve, in the rsgulator
box assenbly, torinsure that the sllts are not stuck togosther,

The valve mus% open completsly when czhaiius end ¢loss come
§?at81y when iﬂh*‘iﬁg If the valve does nobt ¢lose completely,
water will emter the bresthing tubzs. This may be caused by

A 8¢

1t partielss if the valvs was not proparly rinsed in fragh

water after the previous dive. The valve may alsco show signs
of deterioratlon, ususlly regulring replascement about once a

The cylinder pressure, which should never exceed the maxi-
mum rated prossure, must be checksd befors entering the waber
and a »oush astimete of the diving time mey be obtained from
the gra,h illustvating duration of alr supply &t various depths
(Fig. 3) It must be remembered that the beginning diver will
most ilkely consume at lsast twlce as much alr as the
expsrienced diver who has learnsd to control his treathing,
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. pound at & time, untll this control 1a achleved,

s

- c .

Atter the damard regulator hes bssn clampsd to the al
cylinder and bafors bturning on alr, the hoses must be teated
for leaks by draxling on ths mout thpiece, The hoses must alao
be examined for sigos of deterioration, or cracks,; or loosa-
ness whara attachad to the ragulator.

Turn cn the air and

-mouthplecs to teat ths got i roperly. a ves i :
slight resistance will be felt vt 8 diveor -

seon accuatoms himaslf to this pnﬂ"‘*aiit » The regulator

will furnish sufflclent air with normal demand,

Then place the mouthplecs te the ear. A continuous
slight hissing scund at this point 1va1cates that the regulator
needs an Internzi adjustment or overhsul (2 This ieak iz an
abnormal condition and should be remedied befcrs asttempting a
desep dive. :

e s i s e v

B, ' Bugyancy Determinatlion

Buoyancy adjustmsnt depesnds on the iﬁaividwal vody build
end desires, For an effortlsss desssnt and ascent the divsr
should bs somewhat negatively buoyant wilth a full tenk and
slightly positive with an sxhaustaed tank, If much stationary :
work on the bottom 1a requirsd, the nqun"Luﬂg diver may prafap
to be negative at all times, In fael, some Individuals bavs
inherant nsgative bucyancy sven without carrying diving sppsra=~
tus,: . '

For moat undorwster activities,; however, the dilvsr will
prefer approximetely neutral buoyancy and the follow ng pro=-
cadurs 1s recommanded:

With tha Agua-Iung cylinder about 50% ezha sted (=
1100 p,s.%,) s*** off a f&OSt into water 8 or 9 faat .
While standing vsrtieally in the wabter, wWit h the arms at ths
sldes and 1@33 motlonless, exhale completely, If nyutral you
will sink slowly ¢o the bottom, only to begin rising as a full
breath s taken, If this is not the csase pdd welghts; one

AdJuatment to nsutral buoysncy Will enable a diver to
make small depth corrvecticns slmply by breathing coh,$91, and
rasulits in the moat effortless divs Otheruise, much air 1s
wasted by consgtant man\uVPriﬁg to main»ain ths desgired depth
level, ’

() Consult Ovsrhaullng the Agua-Lunz, Scrlpps Inastitution of b
oceanography R Referente THEA3TZE, TApril 1953, , 2
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While on the subjsct of uei nts it might be interest-
Ing to note that a 70 cubic foot Aqua-gung cylinder chavrged
to 1800 n,8,1., with regulator attached, will weigh aboutb .
36 pounds in alr and 2,1 pounds in ses vatrr. The same
tank when exhaustad. way havs 2 s‘ight Ho°1ti?a bucyancy of
- abnu* b oances. SR ' oo

"In defermining or adjus 1ng his buoyancy with the appa-
Fatus, ths diver should maks allowances for the sccessories
likely to be carriad, A cold-water exposurs suit will also
affect the ballast weight reguirements bscause of 1ts trapped
alr pockets and different volume, As &n oxaumple, the author
regquires an additlonal 3 pounds ballast for neutral bucyancy
with the 70 cublc foot tank and wearing bathing trunks, while
a certain type of full-=length rubber sult with hood requlres
a total of 1l pounds for the same buoyancy. When using the
70 cublc foot tank with bathing trunks in fresh water, the
author 1s very slightly negative--ulthout any ballast,

The author obzerved on cne occasgsion that although his
bucyancy was neutral near the surface {without a rubber

hit) he beacame slightly nagative st a depth of 10G feet,
Near fne bottom at thils depth a full inhalatlon only enabled
him to maintaln his present level, while a complete exhala-
tion causad him to drop qults rapidly. Aluhouvn this phenoc-
menon ¢ausaed no Inconvenisnes, thie sxperlence may be intersst-
ing in that the very slight »owpression of tissuss undar the
pressure of 4 atmosphsres was enough to slightly reduce the
Buoyancy.

C, Swirming Form and Dsacant

When covaring any distance under water with ths Aqua-
ITung the best swisming form conslsis of kesplang the arms
at the sides (#) and &icaing the legs in slow sweeps, The
knees should be slightly bent} excezslive bending 1s ineffi-
elsnk, Usling ths arms will actuallr impede ths diver., WYWith
the P&ﬁamﬁ%ﬁded swimming form, a mibiﬁbﬁ consumpiicn of alr
iz possible and maxlmum szpsed may be cobbtainsed. The averagoe
s@imming spead with the Afua—Lung, when used by a proficlent
diver, is abcut 0,9 knots,

. For the most rapld descent s vertical head-first posi-
tion may be assumed. "Clsaring" the esrs, however, wWilll

—r———

¥ (%) Excepblon: when visibility 15 poer, arms may bs ertended

In front, so any objsct enceanhered #1113 first be contacted
Wwith the hands--not the hsad, The same form should be used

¥ on zscent to the surfscs, ragardless of the visibility, to

protsct ths haad from the null of a beat, otc.

i sk bt e e

¢ e e it
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govern the spsed of descent. With conditloning of the esusg-~
tachian tubes and experlence 1t 13 possiltile to swim down
the first 100 feet within one or two minutes,

The oare may soon c¢xperlence a "wedgling® sensation,
' lmes wicnin 10 or 15 fost bolow the surface. 1 cases
of unusual blockege, this may be sAncliencud within 6 to 10
fest bslow tha surface, IF discumfo t in ths ears parsists
or worsansz, stop completely for a few secends and alliow the
alr pressure to equallze fullv in ths passages, To facili-
tate the procass the diver may blow through the nese while
holding the mask firmly agalinst the face, wiggling the jaws,
or s¥allowlng. Temporarily ascending a few feetv often helps
in the fallure to egualize,

O

Navy U.D.T. suimmers find that e nose clip (%) worn
under the mask will sssist in clearing the ears mors effsc-
tively than the forsgolng procedures, 1f a slight pressure
13 blown agasinst the clip during descent, This ecllp will
not interfere with tha normal eguallization of the mask alr
spacs pressurs; nor with the elimination of water lesgkage
from the mask {ses Sect, ITI-A),

If the discomfort cannot be elliminated return to the sur-
face or sattl for a shallowsr depth. Dtharwis% there ‘13 a
atrong pe Bility of eardrum rupiture or & hemorrhags from
the midﬁlé ear and tympanlc membranse tbrc“gh the sustachlan

tubes (zs2 Ssct, V).

The attempts to sgualizs should not bs pushsd to the ™
nbt of diastinet paln since consldsrable demage to the deli-~
a btisaues ecan occur wlthout exbreme d;scamforu, If esar
scomfort persists on repsated diving sessions: desplie the
szoing mesasurea, the prospecitive diver should be exzamined
an esar-nosa-throat specialis%

o O
Wgmao

Under the 1deal tralning program the tralnse should bs
examined before the initlal dive snd treated; i1f necesaary,
zhoars the sbudont with potsatlgl e ml‘gszzan diffisulties
wishss to continue in the uiying program, In the cass of
GECE3S lyﬁ aLic tiﬁ sue argcund ths ustachipn %u e opbuing

of éadium trsatments,

Ravar dive wlth sar plugs, Thsy trep alr inside the
sgrs which rsacts to pressure changes. Wabter pressure can
force the plugs deep into the ears, The same rule should
arply %o the use of goggles, unless thsre 1s soms mcans of
equalizing the preassure.

(%) The DESC)D ugae c¢lip appasrs te be suitable,

o
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A morse dstalled diacusslon of routine ear care and
complications Po?lowinz eardrum rupture, "sar sgueeze"
" wili be found in Section V.

D. DBresathlog Control snd Conservatlon of Alr

To consseve alr the divesr wust lsarn to breaths with
& 8low easy rhythm, taking the alr graduslly rather than
trylng to fill ths 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 dilver can learn to obtain

perhaps ssven kicks from each breash of sir when moving any
considerable dlstance under water,

Howaver, the effort the consgerve the limitsd alr supnly
should not be carried to the extent of actual restralnt of
the desire tc brsaths (), Excesslve holding of bresath can
ragsult in shoriness of brsath and eventual nsussa from £02
scuuﬂu;aﬁian, espscially at greater depths, where 1t 1s now
bal*aved that CO2 buildup oscurs to zome sxteant even when
one iz breathing ﬁormally Increassd pbysical effort
naturally incrsaaes b;aaghiyg, end bsyond a csrtaln point,
reapiratlon hecomss uncomfortable and’ may tend towards un=-
controllsd gasring, Ths diver should learn tc keep his
exsrtions Wwithin thils limit--which will generally be reached
sooner at greater dspths,

Economy of alr usage may also b2 achleved by asconding
when an appreciable dluh&“Cé has to bs co eﬂ)d bet 158N
diving locations, and moving through ths water Just be
the snrface, Tha reaason feor this su"gesficn folloug: Sinoe
he demand regulator £11is the lungs with 2ir at the prsassurse
covresponding to the depth of coperations, ths dlving time
evailable from a given tank of compressad slr becomes lsas
with gresater deptha, During cutmarsicn the lungsg fill to
the same sxbsnt as compared with the aurface, but the aciual
consumption of "free sir™ (equivalent volums of comprsssed
alr at atmospharic prassure) increases nearly in prewortlon
to the number of atmoapheric przssurss fovnd at the swimming
depth,

Th 10 aversgs rate of sir congumptlon is ln the neighbor-
hood of one cubic foot per minute for a diver at the surface,
Inercasing by 50% or mors during exercise, From cne series
of expsrimenis 1%t ias observed (l): '

et =

(#) If rreath is held beyond ths "spasm stsge”, unconscious-

nags may gulckly fcllew,

[T EPRGPe———
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GULATOR WORKS

Beascanss 1t unfalliingly supplies vital air to the dlver,
the demand regulabtor (above)} 1s called ths heart of the
Agua-lung. Water entsring the base through holes "A"

~acts agaiast diephwagm "B", which forms the botbtom wall

of the lowser chambsr, HMovemsnt of the disphragzm acituatbes
valve "D" through lever arrangement "C", causing air to
bised from ths uppsr chambsr "ER into ths lowsr ons witil
the ssa2 pressurs is egusliszsed. Ths pressurs in the lower
chamben, in combinstion with the spring "F", then acts to
balt the flow of air from the dlver's tank through valve
"G", When the diver's breathing removes air from the
lower chamber through part "H", the cycle repoeats itself
and is capsble of matching the fastest brsathing rats.
Alr exhsusted from ths diver'!s lungs is discharged into
the watsr through a valvs just below diaphragm "BY, Dia-
phragn and sprlng-loading devices ave so calibrated that
the wmachaniam works on & pressurs diffsrential of only 2
to 5 inches of water, and this 1s readily producad by the
lungs, »

{#) Reproduced by permission of Compressed Alr Maganine,
August 1953, , '
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l, the volume of frzse alr expended st rest Increased

: almost pruportionately with Lhe ambient water
prsssure down to 33 fest, but the volume used at
100 feet was 15% greater than the "calculated”
smount, The increasad consumptlon rate at 100
fest may heve resulted from shivering in the
colder water found at that depth.

2. the volume of free alr expended during exercise
tended at greater depths to become less than the
ealeulsted™ emount. AL a depth of 100 Ffeet this
amounted to a consumptican rate 37% less than pre-
dicted,

Th;s mnay be partlf explalned by the incresased
"partlal pressure" of oxygen--equivalent at four
atmoaphsres (99 feet) to breathing 80% oxygen at
ongé atmosphere, Thls concentratlon of oxygen 1is
known to reduce the alr consumption necessary dur-
ing exserclss at the surface.

However, 1t must be taken Into account that the quoted
poercentazes reprssented an average ¢f a small numbsr of indi-
vidual performances, whsre the effect probably varles from
time to time in a glven man; a3 well as betwsen individual
sWirmers,

The "calculated™, or DPudiGted, duration of alr supply
rarious depths shown in Flg, 3 is based on the assumption
L the P“QPi?auOLJ ventilation of free alr increases S
actly in proportion to the amblent water pressure eA bressed
Althorgh 23 has been exXplained, ths diver's
ir cvﬂsumptisﬂ annot be predlcted with suech accuracy, the
raph 1illustratss the effact of oriz factor which controls

the di?iug tims from a glven quantity of air. The "Safety
Curve" contained in tniq re}atlonnhip was plotted mainly
from the U, S, Navy Dscompression Table (Fig, L) and concerns
only the prcblem of "bends",
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SECTION II - Genersl Precautions
A, Equipment

Sacure the Aques-Lung to the body with "safety hitches"
on the shoulder and walst straps, This is accomplished by
passing the end of the strap back through the first buckle
for ssveral inches, leavling a locp of perhape three laches
8t111 cinched, One sharp ysnk on the end of this strap will
sguse the hiteh to come fres, This method is not only con-
venlent but allews a quick means of sacape from the Aqua-lung
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harness in case of an emergency ditching (see Sect, III- B ,D).
Ths ¥ eight belt should be abtauhad In the ssme manner,

of ths standard Aqus-Lung harness, made

cape Tralpning Tank in New London, Conn.,

achube-typs wide nylon gstrapa neeting

" on the diver's chest, allowing release
from cone cennlal point, '

An 1mprovems
at the buamazi
consists of fuur
in the form of an
of the entire harn

G)

FE IS =

If the Aqua-Lung cylinder is equipped w.Lbu. (an air safety
reserve featurs bs surs the lever 1s in the "up" position
bafore commencing the dive. This will insure an advance warn-
ing of approaching tark exhaustion (see Sect, III-B), When
charglng these tanks from a compressor or cascade system of
la *ger cygilndsrs ths lever must be in ths "down" position,

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

1. One U, S, Navy group prefers to attach the welghts
directly to the cylinder(s). Thus, if "ditching™
is nacessary, all the dead weight of the apparatus
falls azway in one operation,

2. Host civilian underuwanter swlmmers appear to wWear
the welghts on a waist belt. Tnoxaforei if ths
Aqua-Lung 1s taken off at the surface 1t would not
nscessarily sink--~as 1t would were the welights
attachad, :

“In the firal analysls; however, it is much more— - - -

importznt to save your 1life than the price of an
Aqua-Tang,

3. The author has declded to attach the walghts to
hls person. A dlver may some day find hlmself in
a situation where he must gailn positive buocyancy
tnouL parting with his air supply.

Above 811, 1t is wise to keep the number of straps and
accessories sround the walst down to essentials, This will
pravent fumbling when the diver has only a matter of seconds

tc disengage the equipment, Fastenlngs shonld be large and
simple enough to bs operated easily under water with cold
hands or glovas, Mgng cpsrations which sssm qulite simple in

the alr bscome surprisingly awkward under wakter,

White parachute cord, lesding from the diver to a yellow
float, or man at the surface, 1s a useful precautlion pro=-
vidlng 1t 1s not 1likely to foul with a ship's screw or dock
pliing, ste. Always attach the line to the diver's person
(not to the Lung or the weights) by means of a large snaphook--
which cen be easily detached,
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If a gasolins-driven alr compressor i1z used to charge
he ¢ylinders, make gure that the exhaust gases do not con-
tsminate the air supply through ths compressor intske, Very

small amounts of excoss €O ovr COp can make trouble for the
diver, An excellont oxample of this trcuble is described

In Ceusteau's book, The Silent World. The alr supply should
also bs filtered free of cil fumes, dust, and molsture,

Never dive with oxygen in the Aqua-Lung, as this can
lead to oxygen polsoning--involving general convulsions,

£i%s, and unceonsciousness--or an ezploslon resulting from
the presencs of oll in the diving apparatus,

A COp Inflatable life vreserver (%) is highly rscomrended,
Thers are situatlons whers the lmportance of thls pressrvar,
slightly larger thsn a cigaretis package, could be likened to
that of & parachute--in its abllity to bring the swimmsr to
the surface and keep him there, :

Always carry s kaife, particularly when using or working
near linss, Linss are cut best under water with a saw-tooth
adge, wnlle a straightodge works on fine wire,

B, Provantion of Alr Embollam

A glvsen quantity of alr decubles in volume while ascend=-
ing between 99 and 33 fest below the surface, It will double
again 1In volume during the last 33 feet--s fourfold 1ncrasse
in volume from 99 fset, -

Always wreathe ceontinuousiy {or at least exhale) during
the ascent, and reduce ascent speed near the surface, A
safe raie to follow is: nsver overtske the smsll bubbles on
ascont, The alir in the chest will expand if the bresath is=s
held on ascent, and iIf this 1s carried to extremes the lung
tissues will mupturs--forcing air into the blood stream.
This results in air embolism (see also Sect, V) and possible
degath, even though s recompression chamber--the best treat-

ment-~1s lymsdiately svallable,

Thias precaution 1s especislly Importent in relatively
shallow depths since the volume of reitalnsed alr in the lungs
expands at s faster rate as the surfesce 13 neared, In fact,
an gir embollsm can result by ascending the last 7 fcet while

foreibly reteining a full breabth, Under extreme condltions

(s*) The FLOTO preserver (Lucas Mfg. Co., Chiéago, Illg appears
to be most suiltable, since 1t can be secursly attached’to the
diver, :
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of panic, the escapa of alr could be prevented by a spasm
of the throat muscles sealing the main lung pasasageway,

However, ordinarily the diver would not acnldentally
reach this po*nt* Lf not brea thing normally the feeling
of expansion in the chest, or sensation of discomfort
behind ths bresastbone, would remind him to equalize The
incldence of ﬂ*r embolicm 1z very low,; partd cu19v1v amung
Wwell-tralneéd gnd "sxperlicnce Aruater auimmers. R

The QSCﬁndino swimmoer should never wgit for a feeling
of distinct paln in the chest to slgnal the need for expei-
ling sir, The Toursting point" is not predictable, It has
been observed at the &ubmariny Escape Tralining Tenk in New
London, Corn,, that the few studsnta stricken with air embo»
lism during Momsen Lung escape training or "free escape
(with nc ureatqiﬁg appllence) btralnlog gave no outward indi-
cation of pain in the chest before the onset of aymptoms.
The dsnger of alr embolism is paramount during the emergrncv
procedurs of "fres ascent”, which is discussed In detail in
Sect, IiI-D,

an;dsntally, & skin diver who swims down from the
surface without a breathing eppliance; holding his breath,
i3 not concerned with this problem alnce the ﬁﬁr pressure
in his lungs during escent never ?cecds the starting atmos-

pheric prasssure,

While on the subject of air expansion, it might bs of
interagt to nots that during very fast compression or decoms
presslon (uﬁugllg occurring only in ﬁqcomurfssion chambars),
ons may have pain In defsctlvs testh fillings. During com-~
pression (or descent) the air may nnf get 1n gulck enough to
cavitiea undsr the filling, so the tooth may cave in, Dur-
ing decompreaszsion (or ascent) the air may not escape fast
enocugh and the filling may be 1lifted out of the cavity.
Oeccurrence of pain in the testh during diving should prompt
e vislt to the dentlut, since thls does not happen when the
teeth are in good repalr,

During a rapid ascent with the Agua-Lung uaa eir expand
ing inslide the mask will often cause tba mask to shift pasia
tlon, It might be convenlent in thls cass to hold the mask

lightly agsainst the face with one hand, or allow the excess
air to sscape undsr the lower edge, '

C., Avolding ths "Bends" (Decompression Sickness, Calsson
Discase)

Below & dspth of 33 feebt the dlvar has time 1imits,
diminighing with incrsasingly greater depths, whilch allow
e normal veturn to the surface with little (if any) danger
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of contracting "bends™, although the rate of ascent near
the statad 1imits should neot be greater than 25 feet per
minute, Consuilt Section V-D for important facta related
to this astetement, Thse U, S, Navy Decompre ssion Table
{¥ig, Ty 1ista the exposurs time limits (), L.e., 2 nours
at L0 Paat L3 minutes at 70 feet, 25 minutes at denth
of 100 fest, etc,; these are piotted graphlcally as a’ -~
"Safety Curve™ in Fig, 3, ‘The Agua=Lungsr should’ qse ‘depth-
tiﬁb combinations above this Curve to avold the need for
descempression stops during ascent (x%), The deeper portions
of the Safety Curve are cf little more than academlc interest
bacause the descent would use up most or all of the time.

The Agua-Lungsr should remember tuat. (1) the exposure
times are cumulatlve in any 12-hour perlod, (2) the exposure
time limits includse both "time on the bottom" and time of
descent from suriaces exposure times at depths ¢f 33 faet
or less are, of course, also counted as decent time, (3)
interpolation of the Decomprzssion Table 1s not permitted.
To cla;ifv, this means that 1f the actual depth or time
involved happens to fall bestwssn values given In the table,
the diver must decompreas for the next greater increment
of depth or time,

Wheres the depth measursment 1s felt to be lnexact, or
if rough water effectlvely varies ths depth, or if the diver
. is doing exzcepbtionally hard work, U, S, Navy diving officers
will apply the nzxt 10-foct 1ncruuenf of the table bayond
that which would normally be used.

Lung dliver, in particulsr, may
introduce & complication at thi int by follouwing sn uneven
bottom, If the bottom slope 1s known to be falrly consbtant;
gnd the dspths consideraore the safest rule to follow in
thils instance: wé*n the ougvay at the desep end of the slope
end surfacs when the maxlmum allowable exposure time for
that deopasf depth, or the greateat depth encountered (such
2sg a "G@ip" in the bottom) has been reached. An accurate
wrist depth gauge, pressureproofed watch, and compass are
noceggary items in most diving, particul&rly in desp water,

The ocegnographlic Agqus-Ia

r

d
po
n

e

(#) Not to be confuzsed with "Optimum Exposure Time" referred
to in the Dacompression Table,

(##) Consider qualified comment by LCdr, F, D, Fane, COMUDU-1:
“Divas of over 170 feet ars for experts with recompression
chambars immediately avallable., You are asking for trouble
to try greater depths~-unless emergency requires,”
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es the author gquotes Lt,

foncerning rapetitive div
> =
attached to the Navy Expsrimental
w

Edward H, Lanphler, who 1s N

Diving Unit: "The present Navy rule for repetlitive dives
leaves ruch to -be desired from tha Agua-lLunger's viewpolnt,
In the firat place, divers are urged not to make mors than
one diva ia a 2l-hour pericd where this can poasibly be
avoided, If such dives must bs made, the rule calls for
decompragsion cn the basis of the combinsd tims of the dlves
and the depti of the last dive, This will seem unnecessarlly
regbrictive and burdsnscome and this 1s freguently the case,
However, 1t 1s probhsble that in certain clrcumstances where

a deep dive 1s followed by a shallowsr cne after a short inter-
val, the decompression speclfied for the last dive would not
be suffictent, The only rule which cen thus be consldered
safe 1n all circumstances 1s: decompress Tor the combinsd
timeg and depth of the despest dive,"

i
s
v

The French have developed speclal underwater gwlmmer
decompression tables, characterized mailnly by "factors" for
repotitive dives on ths same dsy, but the valldity of these
has not been checked in this country ().

D, Possibiiity of Nitrozen Narcosls, or “Rapture of the Depths"

Approach wilth caution the effects of nitrogen narcosis

(see also Sect, V-D), cansing progressively greater impslr-

want of Judgment and sense of sslfe-preservation, when diving
in excoss of 80 to 100 fset, The effect at the first 100
fest of depth has been very roughly compared Lo the egulva-
lent -of one sbtrong slechollic cockiaill, Thereafter, each 33 ..
fest of depth {ons atmosphere) might bs considered as anothsr
cocktall. At 300 feet the most experienced dlver may falter
at the almplest task., Since ths 1ndividual reaction to
aleohol varies widely, ths equivalents are used only as a
means of descripiive 1llustration. They refer to "elfsctive™
alcoholic cocktalls,

"1t is the experience of submarine medical officers that
men with low alcohol tolerance or emotlional Instabllity sre
especlally susceptible to drunkennsess caused by high pressure
nitrogen. Hature, seriouse-minded individuals try to overcome
the eflects of nltrogen under hilgh press by determination
snd will, and can perform usaful work at greater deptha,™ (2)

The Frsach Agua-Lung diver Msurice Fargues, of Captailn
Coustenu's group, evidently passsd out and drowned while under
the influsnce of nitrogen narcosis at a depth of 396 fest,
while on &n experimental dive (16), Bocause of this

(+) Referencs to: La Plongee en Scaphandre
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Pxpuriance, Cousteau set the ultimate depth 1limit for hls

roup of se’facontalnad divers using alr at 300 feet (or
250 feet on a "working dive"), which corresponds to the
limits venprally imposed on convent*onal deop sea diving
I‘igSo

Howevsr, considering the fact that the self-contained
diver is "on his own" and that he has the additional pro-
blems of limited air supply and dnoompveeaicn steges to
avold ths "u&ﬁdun, the nqud-LL'.ﬁ%‘e.L who descends sven to

250 feet has one foot on a tlgnbrope betwsen mortalliby and
oblivion,

In conventlional suit diving narcosis can be reduced
or eliminated by substitution of helium () for nitrogen,
Unfortunately, for deep diveszs ¢f limited durstion Hhich
characterize the Agua-Lung, this mixture of gasas nc 2aaes
the deuOWDP°SSiOF time required to avoid the "bendsg"

E. On Diving ¥With a Partner

The following is a practice recommended b ha National
Research Council Fanel on Underuater Swimmers (3): "An
underwater swlmmer should never go alone, baf alwavq be
gccompanlied by a partner,

"Daytime -~ stay within visual range of each other,
: In shallow clear water the partner may
be a surfaced swimmer, or be in a boat{#x),

[of covrse the partner must have the equip=-
ment and/or abllity to effect a rescus)

"Night (or reducsd vlsibility) -- use a buddy line
6' to 10!' long, conaschbed to a pariusr,

When & swimmsr lo
he should first 1
nal by bangling on
{and look for bubb

ontact with his swim partner,

reathing nolse, then sig-
inders, If not 1ocateduugurface" -
of partusr],

by

i

Aguz-Lung cylinders painted yaligw wlll greatly sxtend
the visual rangs and this should be standard practlcse among

{##) Use of helium 1n dsap-sea diving Involves a very for-
midsble amount of gear and a complax procedure,

(s¢) A small boat should be tending at &ny rate, when diving
eny appreciable distance from shore or large vessel,
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civilien underwater swimmsrs--where obscurity 1s not required,

The asuthor also suggests that, especlally where a con-
siderable distance must ba covered under wster--as in a geo-
logical survey,; which may involve various changes of course
and many stops--the safer practice would probaply limit the
numbar of divsrs to one palr, to minimige the identification
problem, ’ - e e ey e eneh e :

If two Agua-lung divers are swirmlng bogsther and one
should "black ocut" or lose control after losing the mouth-
ptece or a coughing spell, stc., the other swimmer mugt
either glve the stricken one & sharp punch in the stomach
or & tight aqueeze about the chest, to expel at icaslt some
of the slr before dragging to the surface, This 1s not an
Immediate way to make friends, but the measure may save the
men's 1life, The reasons bshind thls suggestlon are readily
geen in Section II-B (prsvention of alr embolism) and Sec- -
tion 1II-D (the fres ascent technique).

If nropaller nolses ars heard at time of ascent, pro-

coed slowly and kesp syes open to avold belng struck,

SECTION III - Correctlive or Emergency Procedures
_ Following:

A, Fioodad Equipment

If water has crept Iinto the face mask tha diver mz
regort to a standard procedurse., Take s deesp breath, raiae
the head, and blow through the nose. At the same time
lightly hold the top edgs of the mask against the face with
on® hand, The esxcess pressure wWill prevent additional water
from entering-~as the lower edge of the mask 1sg lifted--
while the water already prossnt will be forced out, A method
of training consists of diving with full equipment (also
including extra ballast tc hold oneself down), removing the
masi under water, replacing, and 2xpelling the water as des-
cribed, : ' ‘ :

As a precautlion should the mask flood or come off,; the
diver should gsccustom himself to thse sensation of diving
without a face mask-~become vsed to the resulting reduced
vision and to having the nose uncovered in wstev The latter
may require some practics--water tending to enter the nose
while breathing through +%e mouthpioca~~partioularly during
a descent,

Water which has entered around the mouthgrlip Into ths
breathing hoses may be easily removed, The simplest and
moat convenlent method, if very 1llttle water 1s present, is
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to awallow the wsabter., Another way conuists of tuking a
degp breath, sgusezing the intake hose {on the right)¥®

and than blowing out most of the water through the exha at,
This performance may have to bs repsated several tlmes,
Rolling over on the left anlde wlll greatly assist by drain-

ing water into the exhaust hose, Breathing a 1little spray

is not uncommon and is only & reminder to clamp the mou thnj”

grlp a 1ittis tighter betwesn ths teeth. In .fact, - the -
diver's mouth ﬁay'become parched after b;eathkg the f*l-
tered,; dry sir for gn ﬁa’i“gut‘i dad pericd, and he may dalths-

L ) R ] L

rately allow a slight leak,

U'<

Howsver, the presence of water could also mean that
the exhsust valve or breathing hoses have started to split
from deterioration or other causes, If the mouthgrip is
sscure and the water cannot be cleared by blowing and swal-~
lewing, ascend to the surface and examine the exhaust valve
end hoses for leaks, The low-pressure diaphragm (Fig., 2)
should alsc be inspected perlodically for signs of flsws,

Accidentally losing the wmouthplece is a 1little more

gerious than above, but still well within the experienced

iver's abillity to overcome, The following method of clear-
ing the tubss is most convenlent, With the mouthplece still
removad, roll over on the back, This will place the mouth-
plece and, therefore, the lower chamber (shown in Fig, 2)
et & relatively low pressurs, External water pr?squre
actuates the diaphragm (exactly as in normal breathing)
and ths automatlc rush of sir will partially clear the
intaks btube of water, The diver then inssris the mouthe
place, with ou“bles issuing, and clesrs the sxhaust tubs as
previously describsd,

('?'
P
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In fact the air will coms forth st such & rate that
the diver may flnd excess alr escaping eround the mouth-
plece, While clearing the tubss, the inexpsrt diver may
have to swallow perhaps hslf a mouthful of water iIn the pro-
cega. It 1s also soon found with experience that if the
divar breathes face down, and guite slowly, the water pre-
sent will collect in the front of hls mcouth instsad of
spraying down the throat or windplpe,

There is an alternativs method of clearling the tubss
whers tha diver 1is unable to roll over on his back (ir
entangled). Hold mouthpisce above the hsad,; higher than
regulator, untll elr bubbles through intake tube end point

(#) Although squeezing the insplratery tube 13 not abso-
lutaly necessary, especlally if the diver rolis over to the
lseft side, this tavhﬁiqus may be prefereble considering the
possibility of a lesk in the insplratory ‘tube alde,




i
%
3
1
i
H

mouthpisce openilng dounward to minimlze flooding, "Raise
head, insert mouthplecs, and clear sxhaust hose as dea-
cribad,
Tha diver must train himself, under the immediate
sxparv*sion i ar sxpsrienc ed dlver, to meet thése situa-
tions of flooded eqnipmenﬁ - The pest preparation consists
.of diving to-about 8 or 10 feet of water, standing or lying

e3is) Lﬂ

on_the bofton with a iittle extra Wojéht snd rcmoving both
L% and mout thplece slmulteneously to practice expelling
the water,

B. Exhaustlon of Air Suoply

Exhaustion of the air supply during a dive 1s usually
not cmusgse for alarm; particul&rly when the Agua-~Lung cylin-
der valve featurss a properly functloning safety reserve
device, WYnsn ths original cylinder pressure falls to approxi-
mately 300 p,s.i. the ragulator begins to offer incr eas*ng
resistance to the diver's demand for air, At this polnt,
the diver will also notics the faece mask moving in and out
with respiratlion,

Followlng tha onset of th & aymptoms, the rasistance
becomes greater untlil after a minute or two--depending greatly
on depth and exertion--the air 1s effectively exhausted, How-
ever, stretching the ramaining effectlve air supply is an

exceadingly dsngerous practice. When the symptoms are first

noticed -thz diver should irmedliately turn the ressrve lever
"down" and make a normal ascent shortly thereafisr Actua~
ting the ressrve vaor thus releasss the "sealed off“ 300

p.8.1.--allowing the diver about five or ten minutes, depend-
ing on depth and slze of cylinder,

If the cy1inder dces not feature ths reserve device, the
diver should immadlately stop whatever -he is doing and ascend
to the surfacs, Prﬁviaing the diver bresathes lightly, the
“ﬁ*sining air will probably suffice since the sffective volume
of alr avallgble to the diver incroases at a mors raepid rats
as the surfaces is neared,

Running out of air 1s a common occurrsnce, somebimes
fully intentional on the diver's part, and he soon learns
#with experisnce the =zlgns-cof approaching alr ezxhaustion and
the appropriate stepa teo take.

Air exhaust LOﬂ becomss more serious, however, with
1ncrwasinglg graater depths, Due to the greater consumption
of cylindsr air at these depths, the inltiel feeling of res-
triction will tend to arrlve more suddsnly and the diver will
have less time to "dawdle". Aqua-Lung cylinders not equipped
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ing sxhaustlon..

In addition, the remalning alr supply may be insuf-
fictent to alloW a rate of ascent nc greabtsr than 25 feetb
per minute, in order to avoid "bends" near the tlme-depth
1imits imposed in the Navy Decompression Table,

There is ona characteristic of the reserve lever which
the suthcr would emphasize, If the descent was made with
the reserve lever accldentally in the "dowa" position, thus
by-passing the reserve indication (or flrst warning), the
diver should conslder the situatlon before belatedly attempt-
ing %o correct matters under water by turning the lever ™up",
If enough tims has elapsed befora the mistake was reallzed,
the tank pressure may have fallen below the epproximately
300 p.s.i. stage where the reserve featurs normally glves
the first warning to the diver., When thls has occurred, the
air flow will cease sbruptly (%) as the lever moves up.

This is imporitant while submerged becsuse the diver may
‘have difficulty, after realizing hls sccond mlstake, in
returning the lever "down"--due to the hands bsing cold or
clumsy with gloves, or due %o a stiff lever, :

It is inadvisable to surféace with empity tanks teo far
from shore or esalstance, particularly in rough water.
Jettisoning the weights zif any) mey enable the swirmer to
utilizes the slight positlve buoyancy of the empty tank for
floating on his back, but 1t 1s not feasible to swim for
any epprsclable dlstance with empty tanks on the back, It
1s impossible to swim face down with empty tanks unless a
fonorkel™ is at hand, The Fenjohn Underwater Photc & Eguip-
ment Co, distributes a combination snorkel-mouthpiecs for
the Aqua-Lung which could be useful here, although its prl-
mary purpose is the conservation of cylimder alr=-1f much
swimming is done at the surface,

In the same situation, the inflatable life preserver
previously menticned could save considerable embarrassmente-
perhaps ths swimmer's lifse, The divesr should also accustonm
himself to rslsasing the Agua-lung harnsss at the surfsace and
tewing the apparatus behind--z bechnlque stressed st the
Seripps Institutlon of Oceanography.

(#) This situation is not similar to normal exhaustion of
air supply.
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C. Entanglemesnt With Underwater Obstacles

A gelf-contalned diver, in prouwling the sesa, lake, or

"harbor bottom=--particularly where the visibility 1e poor

or nonexissent--clways exposes himself te the danger of
bacomlng entangled with an obstructicn or natural marine
growih, Dock rilings; nooring and lobster pot lines; fish
traps, oel grass, and kelp (& seawesed with long stems) are
typical hazards, whan this unforesesabls event occcurs the
diver should remain calm and think his way out of the gltus-
tion--a rule which actuslly applies to every undsrwuater emer-
gency. Thrashing about only may entmgle him further and
waste valuable gir,

Two strong ailds In this sort of disaster are (1) a sub-
stantial knife, (2) an accompanying diver. In the event
that thes dilver cannot free himsslf from the entenglement
(sssuming here that only the apparatus 1s caught), he must
attempt to "ditch" the apparatus and make a "free ascent”
to the surface. The diver should not part with hls alr
supply unlsess all eise Cails; neither should he wait untll
the alr supply 1s exhausted befors dissngaging the harness,

D, Free Ascent Technigue

The frees ascent technigque for Woods Hole Oceanographic
Institution divers should be learned under the supervislon
of naval personnsl at the Submarine Escape Trziniung Tank In
New London,; Connecticuh,; - The student-dlver ultimately learns
to reach the surface safely--through as much as 100 feet of
vater--after discarding his Aqua-Lung on the bottom,

The torm "free ascent" may also apply to a situation
where the asscending swlimmer makes no use ¢of hlg breathing
appliance, though still sittached to hls person,. :

Success of the free ascent technlgue depends upon the
abllity of the swimmer to remain reasonably calm and col-
lected., Before attempting the Aqua-Lung "ditch" and free
ascent at the Escape Tank, the student divsr must feel
thioroughly st home in his apparatus, '

Assuming that the air supply 1s sufflclent for the
ditching operation, the diver releases the welght belt (if
any), proceeds to unfasten the two or three buckles which
secure the Agua=-Lung. If the safety hitch was applied bsafore
the dive, one qulck yank on first the walst and then ths
shoulder straps will cause the sppsratus to fall free.

Before stariting the ascent, the diver clears his lungs with
several desp breaths, drops the grip from his teeth, and 1f
naceasary throws the grlp over hils head,
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At thils polnt ths swimmer presumably will be buoyant
(x) and begins to float slowly upwards., To conssrve oxygen
ha should refrain from all bodily movements--even that of
shoving off from the bottom. The correct posturs, as
taught at tho New Londeon Esecape Tank, 1s an erect, "stresm-
lined" position, with the handa st the sides (%%) and head
t1lted up to watch the bubbler, After rising perhaps b or
5 feet (%) he should begin releasing a small, steady
stream of bubbles--as 1i throuvgh s soda strew., The most
important part of ths freoc ascent technique 1s %o ascen. no
fagster than the bubbles emitted, As long as th2 swimmesr
ascends at a falrly steady rate, while at the same time sur-
rounded by his bubbles, he will make a successful frse agcent
from at_least 100 feet [ time: approximately L5 to 60
seconds ] . A : _

Trained personnel bhave mads free ascents from depths of
200 feet in the open water, There are slso a few cases on
record where submariners with no previous training in this
technlqus have made succegsful tree ascents from depths of
200 to 250 feeti the latterg howasver, must be attributed
to “fortunate clreumstances™.(7)

If the diver foels that he 1s overitsking the bubbles,
he blows out air at a slightly faster rate in order to reduce
buoyanecy and slow dovwn, If, ss a consequsnce, hs releases a
1ittle too much and slows almoat to a standstill, the breath
1s held for a few seconds until a suiltable speed 1is agsain
rsached,

On the other hand, the
corrected in his attempt to
too mach air, lost positive
Then, he must not panic {this

mmer may have grossly over-
uce ascsnt speed, expelled
ancy, end started sinking,
a critleal point) but hold
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‘nis breath for a few ssconds whlle propelling himself up until

positivs buoyancy 1is regalned,

() ™If a msn has positive buoyancy at the surfacs; then
when he £ills his lungs to the same extent at any given depth,
he will also have positive buoyancy regardless of the depth,"
(Excerpt from: Manusel of Free kgcapne from Submarines),

#2) In the ope

( n where visibillity may be poor, an arm
should be czisnde
t

2
. above the haad to fend off possible obstruc-

(&7

{s%2) During Escape Tank training, the ascending diver observes
that at greater depths a relatively long pause bsfore releas-
ing eir will be nscsssary, and fewer bubbles released therse
after, in order to maintaln poslitive buoyancy. As the surface
is nearsd, howsvsr, the more rapidly cxzpanding alr should be
relieved by larger bubbles, .
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The swimmen may have to rely on his physical sensations
to ascertain whsther he is rising or falling, and at what
rate, If the light 1s dim and the fricticn of the passing
water 1s not noticeable, the sure sign of sn ascent occurs
Wwhen the air inslde the face mask expands and tries to leak

‘arcund the edges. Conversely, 1f descending the mask wiil.
“pross more tightl¥ againdt the face. ~Human 86As5as may -

become very confused in a watery environment, pdruicularly
when exzxclted and the water 1c murky, with no fixed reference
polnt., Particles suspended in the water may prove to be
very useful reference points., Halry-chested divers of con=-
slderable experisnce clgim that the chest halrs may give an
indication of direction,

The polnt must be stressed here that if the ascent is
properly executed;, at no time will the dlver feel short of
breath, As he floats upwards to the surface the alr expands
In his Jungs snd his only concern is to get rid of the
excess gas, Aslde from a possible lack of coordination,
the vntrained free ascenter has the moat bte fear from fear
l1tself~-which will burn up precious oxygen.

If the foregolng procedures ave dlsregarded, the swimmer
will either consume the oxygen stered in his qugs through
strenuous swimming movements or if the surface is rsached,
sn air embolism may result The importance incrsases with
the sterting depth; =a free ascent from 15 feet Will tolerate
more errors in technique than an ascent from 115 feet, The
coordinatlion may be difficult to attsin without previous
training undsr controliled conditicns,

The swimmer inherently negatively buoyani (perhaps 3%
of individuals) will presumably have to uss his swim fins
during the entlre ascenit; and a safe arrival at the surface
may not result unless there 1is a line to follow,

When making a frse ascent after squeezing (to inflate)
a C0p preserver; keep the volume of air In the lungs near
the minimum to avold the distension which could result from
the rapid ascent,

E, Eardrum Perforation

A diver with perforated eardrums may discover his sense
of balance gnd direction temporarily upset In fact he may
not distvinguish "up" from "down", snd proceed in the wrong
direction, ' ' '

"If an eardrum should perforate whils submerged, the
cold water may temporarlly cause a itempsraturs imbalance in
the vestibular apparatus--resulting In a real hazard in that
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nausea and dizzlness can occur. Ths swimmer 1s safe if he
keeps his mouthpliece in place and remalins calm for a few
minutes until the cold water entering the ear becomes warm
and the violent vertigo 1s erded. Helding onto a submerged -
object, or even hugging oneseif might as sis 2 (3)

SECTICN IV - Suggested Safety Precautions and
Requirements (Physical and Psycho-
logical) for Underwatsr Swimmers

A, From the U, 5, Navy and National Research Council Panel
on Underwater Swuimmars

Since swimming involvss a physaical ex erbion comperable

to running, a diving candidate should be in a state of
general good health, Past history or evidence on compliete
physical examination of chronilec resplratory or cardiovascular
disorders stould bar a man from this activity. Other elimi-
nating msaladies are: middle ear diseass, exaggerated sus-

coeptibillity to motlon sickness, unusual sensitlivity to cold
water exposurs, excesslve fear of the dark, claustrophobls,
or a tendency to taks unconsidered risks,

The swimmer must be psychologicelly and physically f£it:
1., Must pass periodic (pe
empha

with partlcular
tory systems,

rhapg semiannual) check ups
sis on the heqrtﬂand:respira-

2. Must "fe2l 0.K."--1,e,, must not dive nor be pena-
l1izzd for not diliving when seriously desirlng not to.

()3, Must not dive after exceszive drinking of alcohol
until well rested and 11l sffects have passed,.

()}, Should bs well rested (usually elght hours of sleep
the night befeore dive) and when possible should be
permitted to rest after the dive. [ In addition to
resting after a long, deep dive the bpeatﬂing of
pure oxygen at the surface for aboub ten minutes
#3111l help clear ths blood of sny excass niﬁrogeé].

5. Should not dive immediately after eating; vomiting
may cause asphyxiatcion,

Ay
"

Excessive slcohol in the system, or fatlgue, can cause

()
a diver to become more susceptible to the "bends®,
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6, It is highly desirable that the diver be 'in shaps"
Regular orerclses of rumning and skin diving have
gen found to be good conditioners for underwater
swimmers,

:t 1ike te dive’ Underwater swimnlps zhould
initely be a volunteer activity,

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

B, Qutline of Recormended Tralnling for Woods Hole Oceano-~
grapnic Institucion Divinz Candidates

1. Complets physical examinatlions, at least annually,
by a civilian physician and an ear-nose-throat
speclalist (preferebly one who ia familiar with
comnlicat10ﬁs resulting Crom pressure inequalities).
2. Diving instruction at Woods Hole Oceanographic Insti-
tutlon--an undstermined length of time, but pro-
bably at least six weeks, Particular emphasis
Jould be placed on the diver's abillty to cope
With pressure changes and floodsd egquipment,

The above preparﬁtion hay be sufficlent for those indi-
viduals who will restrict their diving to duptbs of shout LO
feet or less, .. . B e

The ad%anced training 1listed below should be necessary
{if avalleble) for serious, long-term workers who pl&n
diving to depths groster than about L0 feet,

3. Advanced training in underwater techniques (total=--
one wesk) at Escape Training Tank, U, S, N. Sub-
marine Schoel, New Londen, Ccnn., which may include: .

(a) Diving yuyoical examinat on o» sﬁbmarine medi-
cal officer (in order to queiify for the fol-

lowing)::

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

(¢) Momsen-Lung ascents from the 18, 50, and 100
foot eacape locks,

(#) (d) Fres ascents from the 18, 50, and 100 foot
eacape locks,
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() (&) Agua-Lung jettison and free ascent to the
surface from the 50 and 100 foot levels,

(#) (f) Formal lecture on underwater vhysiology, by
submarins medlcal officer, :

i, At least twe weexs' trainlng in the open water
using the Aqua-Lung with Navy swimmers.
OPTIONAL~~-though very useful in broadening
experience,

SECTIOH'V - Fuprther Discussion of Some
' Physiological Consequencss
of Dlving

Introduction

This section will provide the rcader with a bhackground
"of information concsrning physiological aspecis of diving
which previously in this report were only touchad upon,
Bowever, this section is nc less imporitant to the underwater
sWimmer's welfare,

Ths author gratefully acknowledges the assistance of

U, S, Navy medical officers in the preparation of thils sec-
tion, which 1s 1in part guoted verbatim from them,

A, Ear Caro and Complicatlions Due Lo Pressure Inequalitles

1. "Ear fungus" 1s almost an occupational disease of
men who dive freguently without suits, particularly
in contaminated water or 1in warm cliimates. The
actual infectlon, however, is almost always dus to
bacterla similar to those which cause pimples and
bolls, Whethsr dus to bactoris or fungus, preven-~
tionn lies mainly in kesping the ear.canal as dry
as possible after each dive. Rinslng the ears with
a few drops of 50 to 70% alcohel will accomplish
drying without fuss, strain, or significant irri-
tation {which may result from using swabs).

(#) At the present time, this tralning may be obtained only
" by aspecilal temporary asslgament to a Nawy U.D,T, group, with
consequently fewer opportunities for the fres ascent trein-
ing. If this is accomplishad, however, the U,D,T, training
will elso include that covered 1n (a), (b), and (e¢).




WA e

Since an excess accwnulation of ear wax will make dry-
Ing the ears mors difficult and favors the accumulation of
dirt, 1t should be syringed out occasicnally by a physiclan,

2. Continued descent in spite of inabllity to squalize

pressurs will produce at least some engorgement of
~the small blood vessels in the eardrum and the
lining of thse middle ear, Repeated insults may
well result In scme dsgree of hearing loss.

When hemorrhsge results from rupture of these vessels,

following additlonal descent, pain will be experienced {(if
not already present) which may cocntinue for some hours,
Beyond this stage actual rupture of the drum will take place.
In scme individuals rupturs can occur without significant

Wwarning pain,

Once ruptured, the drums generally heal uneventfully
In a few weeksj but the fact that deafness occasionally
results means that the accident is not to be taken lightly.
The princlpal danger following rupture 1s that of wmiddle-ear
Infectlion. Following examination by a physician, the usual
rule for troatment is a strict "hands off" policy--including
the ingsvtion of fingers, swabs, plugs, medicationa, and
especially water, Further diving of any type must be avoided
until psrmitted by the oxamining physicien, :

3. ‘When wearing a hoodsd sult the diver may experience
a8 sensation similar to that of fallure 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 bebtwsen the drum
and the hood (since the hood is in itself a closed,
nonequalizing structure), Thils conditiocn can be
rectified if & 1ittle alr cen he blown past the
mask seal into the hood. The conssgquences of
failure to equalize this pressure are similar to
those szen In the mors common middle-sar condition,

There 1s another phenomenon whilch msy perplex the
observer who is unfamllisr with this mechanism. The diver
may return to the surface with blocd dripping out of his
ear, though he Insists that he "clesred" easlly all the way
down, and may not have a rupture, In these cases the rela-
tive negative pressure has "pulled" a blood biister on the
drum, which then ruptured to ths cutside lsaving ths drum
as a whole intact,

Pregsure in the face mask must also be egqualized on
nt This is easily accomplished by lstting enough

escent,
eir out through the nose to relieve the sensation of suc-
tion on the face., Fallure to do this will produce a
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locallzed "sguseze" and may thus result in nosebleed, hemorr-
hages of the conjunctive, wrinkling of the skin wlth inwerd
leakags of water, ete, Goggles should not be used unless
provided with some means of equallzing pressure (L,e-, a
small tube leading to the mouthptece) .

follOW1ng exposure to pressiire changés

~4,: NAse seds”
' probably consist of either nasal bleeding from a
aneeze of onz cf *ﬁo &8CCE330Ty bLHUSPS, uqualiy
b

preqsire changes for a dey or two- or nasal blesd-
ing from e hemorrhage into the middle car draining
through the eustachian tubes (the latter usually
occurring when the diver with hemorrhage surfaces
face down, Wwith the bloosd entering the posterior
nares instead of the throat). This condition does
not require any mcre treatment than the first type
of nasal bleeding.

The colored nasel dlacharge followlng deep dlves is
the regult of the air prﬂ;- re_in the sinus forcing out a
mucopurulent or purulent material from a chronic sinus infec-
tion, - This drainage 1z of distinet benafit to the indlviducl,
though damage will accompany if there are significant obstruc-
tiona, Coeonsldering the latter possibllity, the individual
with a Wnown slnus conditicn should not deliberately attempt
to fcerce out the material through pressure changses.

An exomination of the ear following & middle-ear hemorr-
hagas through the eustachian tubes wlll reveal & relatively
rad eardrum or evidences of distinct hemorrhage behind the
drum, Usually no treatmsnt beyond abstinence from pressure
changss 1s prsscribed by Lhe examlning physiclan in these
casas, unless thers 1s evidence of excessive lymy4@1d tissue
around the sustachian tubs opening which prevents proper
egualization of pressurs. he danger of middle- ear Infection
is not very great following this tjpe of hemorrhage,

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

5. Slight blockages of the eustachian tubes and nasal
sinuses may be clearsed by using a Benzedrex inhaler
or a nasal zpray cor drops sush as 0.25% neosyne-
phrine, l.Oﬁ Pphedrine sulphste; 0,05% privine, etec,
These measures, in the case of an anticipated bloc-
kage, must be taken before the firat dive--instead
of as a cure for the next immedlate attempt, A
person wlth a bad cold should nct dive, as infec-
tious material may be forced into the middie ear,
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B, Air Emboliam

l1ity indicated in Sect, II-B); the e g internal pressure
rupturses the lung alr sacs and blood we spls. Alr 1s forced
Into these runtured %issuss and blued vessels, csusing aip
btubbles (the "emuoli") to enter the puimcnary caplilary bed,

ko - + Fa
from thore tho bubbles arse carrisd to the lefit chambsr of

the heart and the arterial blood vessels where they produce
the various svnptoms of clrculatcry blocksge (the definition
of "embolism") in the heart, braln, spinal cord, or cther
vital organs (2).

Whien the lungs expand te g critieczl extent (possibi-
xces

The manifestations of air embolism may vary according
to the individusl, the severity of attack, and the time
¢lapsed sinecs onset., The following are Qymwuoms usually
-seen or felt in a severe type of air embolism (2, 8)):

1. A ulliy sensation in the middle of the chest

2. Reddish or other froth at mouth

3. Increasing numbness In the extremities, with arms

and iegs graduslly becoming rigid
ly. Balance becoming unsteady; dizziness

Convulsionsg end hiting of the tongue

“

W

6, Losing consciousness and bscoming cyanotic (bluish)

The symptoms below may be sesn in lsazs severe types of
alr embolism, or in subcutaneous empbysema (air in the
tissues and not 1in blcod vessels)., The latter is often
called "air embnlism", but not correctly so. It is less
seriousg, but should be tresated.

1, # fullaness in the throat

2. Volce changing to a brassy, flat gquality

3. Speech becoming thick and mushy

. A Trattling" sound with breathing

5

. An inflated condition of the skin over the collar-
bone '

Trezatment of air embollsm 1nvolves recomprassion--as
soon 88 posaible-«~in a pressure chamber, where the constrict-

ing alr bubbles are diminished In size. Reliefl may be
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expected 1 the durabtion and severity of symptoms are not
too great, Howesver, deaun can result in severe cases by
cerebral ancxia or Lnrdi ‘usuff*cipncy even after prompt
treatment In a pressurs chambsr,

It has beean sugy-sted by Kinsey et al, (8) thatplacing
the ca:ra?fv in the lieft lateral poslition wWith the head
lowered while being transpor,ed to the recompression cham-

~ber and during treatment” may pesesibly save lives in some
circumstances,

Thare 1s no definite proocf of the ussfulaness of this :
position, but 1t is felt that the position may havs some
possiblilities on the theorstical lavel,

C. Decompression Slckness {more commonly known as "bends")

A4 definite amount of nitrogen is always pregent in a
dissolved stabte throughout all body tlssues, varylng among
individuals scecording to their body welght and fabt content,
The degree of body saturation during a dive is dependent
upon three main factors--depth ¢f dive (pressure hesad),
length of dive (exposure time), and circulatory efflciency,
The dissolved nitrogen in the blood and tissues is only
slowly gained or lost by the body through resviration, and
tends to remaln 1In solution except during chsnges from
greater to lesser pressures,

“Tha" escare 6f thils gas 1s called decompression; and the oo
time requlred for the process 1s known as dsco p*ession tine,
ITf the dascompression tims 1s Insdequate the blaoa and tlssues
epproach a state of superssturation; 1l,e., they contaln more

TN T O « - T Y RN

dissolved gaa than they are capable of holding in solution, :
If the human body contalns dissolved nitrogen at 2 pressure 5
more than twice the outgsids pleqwure. Lubbles are formed in B
- ths blood stresm and tlssues fesster than the lungs can elimi- -

nate the excess gas,
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The bubbles br;
arse or local tla:s
produce symptoms
blood vessels of
{(bubbles trapped
ness and soreness of
the skin.

bout & conditicon of ecirculstory block-
tPiction and, depending on the site,
yxia and chokes (bubbles trapped in
zs and heart), pain cor paralysis

n; spinsl cord, or nervss), stiff-
olnts and muscles, and itch or rash of
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Redescent or recomprsassion in a pressure chamber will
force the bubbles back into solution end subseguent slow
raturn to atmospheric pregsure wllil usually provide complete
recovery, as the excess nltrogen in solution diffuses from
the lungs. The diver afflicted wlth bends should be treatsd

Uz
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at the first manifestation of the sicknsss. Failure to
obgerve this rule may result 1n permanent damage shoculd
the sickuess develop to an advsncad degree,

To those perople whe, following the onset of symptoms,
would recempress in the weter with a spare Agua-Lung, 1t
rosI bs stresassd thab improper btrestment can lsave the
diver in a ccndltion worse than 1f he had waited for pro-
per yrsatment. The proper ireaiment requires that ths nit-
rogen bubbles be completsly absorbed in solation as well as
squeezed down. to nonsymptomatic size; otherwlse recurrence
of symptoms will follow--aggravated by the fact that the
diver may have teken up mors nitrogen during recompression.
The location of the nearest reccmprsssion chamber, and
means of fast transportation in case of smergency, should
be known to every diving activity.

Those tissues which reguire the longest time to become
completely saturated with nitrogen will govern the rate of
ascent, DRsceuse fat is capable of holding over five timess
a3 much dissolved nitrogen as the water of our blood and
tissues; it naturslly willl require a ionger time to desatu-
rate this type of tissue, There gre alsc tlssuss within our
body which are supplled by a meagsr flow of blood for normal
sustenance, These tigsuzs will also require a longser perlod
of time to rid themselves of thelr nltrogen since the slug-
glsh rate of blood flow through them offers sluggish gas
diffusion, Experliments conductad on man show that a pariod
of § to 12 hours is required to rid the human body of it
‘exc¢ess digsolved nitrogen., (2) ‘ o

Divers are deccomprsssed according to a scheduis {see
Fig. Ii) which never sllows the nitrogen pressure in the
tissuss to exceed twlce the total emblent pressure; within
this ratio of 2 to 1, bubblies will not form, For this rea-
son the Aqua-Lung diver may ascend continuoualy {minimum
dacompresslion time) to the surface from a depth of 33 feet
(2 atmospheres) regardless of exposure time, :

Bacause of the ralstively long time necessary for fatty
tissues to becoms completely saturated with nitecgen, the
obose dlvsar wiil lLwve the advantage over the lean lndividual
in the case of a short, desp, "bouice" dive. Converssly,

Y, & _

the lean diver will have the advantage in a long, working
dive,

The prcbabllity of dscompression sicknessz in any glven
dive is also known to Increase with exerclse end age, Recent
over-indulgsnce in alcohol, oxcesslive fatlgue, or & general
rundown condition should bar a man from diving activity,
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'Suaceptibility to decompression sickness varies
greatly among 1ndivlduals and tc some extent in the same
Individual from time to time, It i3 also influenced by
diving conditions 1in ways which are difficult to predict,
Conssquently, & decomprassion table which prevented bends
in all =ases would Involve much more restricted depth-time

1imits and wmuch longer decompression stons than would be
necessary or practical for the vast majority of dives,

"The Navy standard decompression table was developed
and Lested with this fact in mind, It was considered better
tc encounter, and treat, an occasional case of bends than to
use a perfectly safe but impractlcal table, Diving to the

exact depths and times specified may produce an inclidence
of decompression slckness up to 5% without being considered
unacceptable., At some depthetimes, the achtual lncidence
may possibly be slightly highsr, :

"The point for Aqua-Lung divers to remember is this:
the standard decompression table does not have the large
built~-in safety factor which rumor stiributes to it. The
fact that it has bsen violated without ssrious consequences
can be attributed to luck and the lack of susceptibiiity of
the individuals concernsd--neither or which can be dspended
upon indefinitely. Even applylng tlie table 'to the letter!’
cenn be expscted to result in decompresalon sickness occasio~
nally--and this 1s a muich more serlous matter whare a recom-
preasion chamber 1s not at hand than 1t 1s in the usual Navy
situation for which the table was deslgned, Thers 1s no
room in Aqua-Lung diving for takling llberiizs with the
table--or ever for 'cutting 1t close'." [(quoted from Lt,
BEdward H, Lanphier, (MC), UBNR). ’ ‘

Ths éyﬁptoms of compressed alr illness have been found
to occur with the following frequenecy (2):

Local Psain : 89 Per cent
Leg -~ T70% of these cases
Ar’m - 30% fn 15 it

Dizziness : non

Paralysils

Shortness of breath

Extreme fatigue and pain
Collapse with unconsciousness

O+ PO\
-
s oo\

The typlcsl case may begln with itching or burning of a
lcealized area, Thsre may b2 a Teeling of tingling of
the skin, or numbnsss. Occaslonally there will bte asmall
red spots which vary from the size of a pin tc that of a
dime, A review of geveral sets of statistlcs glves the
following figures (2):
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S0 per cent ccecurred within 30 minutes after regalning surface
: [2¥od i it i n " 4 "
; 05 1 hour
! 9s * " " 3 hours n " n
{ 1 " " delayed over 6 hours n " "
D, Hitrogen Harcosls ..o - . lzoso oo R
The melin ceonstibuents of alr and thelr proporticons by

volums ave roughly: Nitrogen - 79%, Oxygen - 21%, Carbon
Dioxide -~ 0,03%. Like most inert gases, nitrogen 1n the air
breathed a2t high smbient pressures can decrease mental clarity,
impalr judgment, and produce poor muscular coordination in a
manner similar to that fournd in alcoholiic intoxlcation, The
narcotic effect is related to the "partial pressure® of
inhaled nitrogen and 1s therefore a function of the diving
depth, Nitrogen 1s not in itself harmful (the narcosis dis-
appears on return to more reasonable depths) but the impalred
Judgment Interferes with performsnce and may precipitate acci-
dent, '

The narcotlic effects Increase progresslvely with depth
untll at about 280 to 300 feet even routine tasks become
extremely difficult, As in the drinking of aicohol, psersona-
1ity, motivation, and training in a spsciflc task account for
the different reactionz among differsnt men,

Althcugh the process 1g complex and still an 1ssue amen
L) &
diving physliocloglsts, experliments shew that the nsrcosis may.
be at least paritly due to a retention of CO0p in body tissues.
Hitrogen, a relatively heavy gas, under hi ressure tends
gen, ¥y y gas, b
to obstruet dirffusion of CO, from the lungs.

The Meyer Overton thsory of nitrogen narcosis states
that the narcotlc action of gases 1s dilrectly related to
the relative solubility of the gas in fatty organs (i.e,,
brain and spinal cord) and in water (i.e., blood and tissue
fluid), For example, nitrogen has & 5,24 to 1 rabio while
heilum has a 1,7 to 1 ratio, which explains the markedly
lessened narcotic action of helium under pressure, It may
be that the liplds in the central nervous system act as
oils in dissolving the nitrogen,; and then act as narcotics
under pressurse,

In any event, lmmedlate relief from nitrogen narcosis
is galned by reducing the smbient "partial pressure" of
nitregen. Thsre 1s no afterefiect,
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"Bends", end Hitrogen Narcosis

E, A Revisw of ths Sallent Features of Alr FEmbollsm,

sn coniusion between the terms "air
, and "nitrogen narcosis”, The follow-
nas some conditions comumwon to the afflice

There is o
embollism”, 'ben
£
L

tions but differontiates them on the baslis of origin and

1. The ascending dive~ may develop an embolism (cir-
culatory blcckage), cesused by the presencs of air
or nltrogsan hbubblss In the blood stream. This
dlsorder occurs only durlng or followlng ascent
1f certaln precautlions are not observed.

(a) In the case of air embolism, the blockage
occurs as the result of alr introduced from
ruptured (overexpanded) lung tissuesg, when
a disturbed mental attltude of the ascsund-
ing diver prevents the normal relief of
expanding air in the lungs,

In the case of "bends", however, an embolism
results from the formgtion of nitrogen bubbles
within the blood stream--the gas being pre-
viously in solution. The excess nitrogen,
from the breathing alr under high pressure,
had slowly dissolved in the blood stresam and
locally formed bubbles after a too rapid
ascent {or relief of ambient prossure), The
diver has no voluntary control over this pro-
cess other than ascending by decompression
sbtages sulflciently slow to allow the excess
nitrogen to leave the body tlhrough respirs-
ticn, 1f certain time-depth limits imposed

by the Havy Decompression Table have bsen
excasded,

P
o
S’

"Bends™" will also rafer to the squceze of
tissues and nerve cells if nitrogen bubbles
form outslde the blood stream., Thls conges-
tien may occecur during = less severe abtack

of the "bLands",

2. Nitrogen narcosals refers to the temporary drugging
action of high pressure nitrogen on the central
nervous systemj the condition exists only as long

AMEAGRSE L1 40 it wamnnee 11, 1 oo

as the diver breathes sir at pressures consliderably
greater than sailmospherlie., The symptoms of nitrogen
narcosis, uvnlike those of air embollism and "bends",

complevely disappear on return teo more normal pres-
gures, Tnere 1is no afterefrlect,
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