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"INTRODUCTION

During the final year of the late war, the Cerman
submarine service had made extensive uss of "schnorchel™™,
a8 device which enables submarines to recharge their
batteries without surfacing. 7This development was nécess-
ary to enable the Germans to continue submarine marfare in
the face of extensive redar-equipped airplane ceverage.

At the war!s end, schnorchel was being used as standard
equipment on newer German submarines but with many pro-
blems still unanswared. Reliable information on the sctusl
perfarmance of schnorchel and its physiological effect on
the arews was very neager. Some gmneral stateaments were
obtained from prisoners of war (1), (2), (3), but these
were vague and at times conflioting. There was belief
that long periods of schnorchelling had considerable de-
1ibitating effect on tho crow (L) but no definite data on
the optimur and absclute engineering limits to be imposed
upon human tolerance were available.

Since 1t may, in the future, be desirable to equip
Mverican submarines with a similar apparatus, a study of
thes device and problems connected therewith was initiated.
In May 1945, the project "Preliminary Study of the Bffect
of Schhorchelling on Submarine Personnel"” was gubmitted
to the Bureau of ledicine and Surgery by the U. 5. Naval

# The equipment known as "schnorchel" consists of a rigid
streamlined housing about 30 feet long, containing two con-
duits, one about 11 inches in diameter serving as the in-
take, and immediately behind this, the second tube serving
as the exhaust. The schnorchel as a hinge joint whare 1t

is attached to the submerine and may be raised hydraulically
to an upright position when in use. The mushroomeshapsd
head of the intake tube is covered with an anti-pradar material
and containa a halanced, float-operated valve which closes
the alr intake when the water level resches the head. The
air pansma down thia tube through an intermediate quick-
closing valve into the main air induction shaft. Thence it
is conducted to the diesel compertment or to the other com—
partments in the pressurs hull, The exhaust tube passes
2rom the dissel engines, through the schnorchel exhaust
shut-off valve, up to the exhaust tube of the schnorchel, and
dischnrges gasos through an underwater orifice.
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Medical Research Labaratory, U. S. Naval Submarine Base,
New london, Connecticut. DBecause a similar study was

urder consideration at the Naval Medical Research Institute,
Bethesda, Maryland, ths Burssu approved the projects for
both laboratories with the stipulation that field trials
should be conducted jointly in order to save the operating
time of the submarine.

Prelimimary runs were made on the R=6 using a copy
of the Garman schnorchel, but no werthwhile results were
obtained. At times fog hindered operations, while at others
the ssa was so smooth as to prohibit the cbtalning of
reliatle and representative data on actual operating con-
ditions. Moreover, due to the largs slze of the schnorchel
and ths amall size of the engines aof the R-6, only slight
pressure changes were smwountered, and 50 it was improbable
that data obtained fram this ship would be applicable to
more modern subsarines,.

It was hoped that simulated achnorchel trials would
be made on & fleat~type submarins at the Electric Boat
Company, but this did not prove practicable. letters and
conferences filled the interval, and personnel visited
Provincetown and Portsmouth seweral times for standard-
izstion runs on the U.858,

On 11, 12 and 13 Septaember, aimulatad schnorchel
operations were carrlied out at Portsmouth Havy Yard aboard
the U.S.S. SIRAGO. An interim repart (5) covering these
operations has bsen gubmitted,

These operations were in the rmature of a "feeler".
After examining their results, it was folt that the only
way reliable information could be abtained as to pressure
changes while schnorchelling and the offecte thereof on
personnel was by daily schnorchelling operations for a
period of sbout two weeks., As it turned out, in view of
the poor habitability of the German submarines and the fact
that they were worn out when captured, it was not possible
to conduct such cantinuous cperations for even this period
of time.

A German submarine, the (=873, and an escort vessel
were placed at owr disposal about 1 February for two weeks
of achnurchel tests, This report presents the procedures
used, results obtained, and the conclusions which may be
drawn from that operating period with this particular vessel,

o
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It is obvious that a preat many factors combine to
determine the exact pattern of pressure changes which will
be encountered at any one time. The volume of air in the
submaerine, design of the schnorchel, and air demand of the
engines at any given apeed are constant for a perticular
submarine. However, the speed of the submarine, wave pattern,
wind velocity and direction, skill of the parsonnal at depth
control, and the desired height above water of the schnorchel
head will all vary from tima te tima. Consequently, one
would not expect the pressure changes or intervals of opening
end closing of tha achnorchel head valve to be axactly the
same on any two types of submarines or on any two operations
of the same vessel. It should be noted that the U-873
was equipped with L-cycle MAN engines, badly in need of
overhaul or replacement. It is anticipated that somewhat
different results would be cbtained in a submarine equipped
with 2-cyele enginea, Those, horsepower being equal, will
consume air at a considerably more rapid rate, and, as de-
signed at present, will not operate against as great an
axhaust back pressure as will L-cycle engines,

This study concerned itsslf with observations on the
magnitude, duration and frequency of pressure changes, the
physioclogical effects thereof, the atmospheric conditions in
the submarine, and the ability of schnorchel operations to
renew the air in the boat, The pressure data and ear, nose
and throat observations were the responsibility of the U.S,
Naval Vedical Research Laboratory, U. 3. Naval Submarine
Base, New london, Conn., while the information on atmos-
pheric conditions in the submarine and the ability of the
schnorchel to renew air wers determined by the Naval lMedical
Research Institute, National Naval lNediecal Center, Rethamda, ¥d.

PROCEDURE

Operations were carried out in the New London area.

It had heen hoped that representative sea conditions would

be encountered in order to study performance of the aschnorchel
under g variety of comditions. However, cce comiitions were
disappointingly constant; force 1 and occasicnally force 2
seas prevailed throughout the period, with no real opportunity
to study behavior under varying conditions. Because of the
rredence of fog, operational and malntsnance difficulties,
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as well as the consistency of sea conditions, operations
ware conducted on only the first three days of each

of the two weeks allotted. Since a half-day waa consumed
in reaching the operating area, and th» same in returmn from
it, appraximately two full doys of schnorchelling were
carried out on aach of two comsecutive weeks. No
achnarchelling operations were conducted at night bucause
of the necessity of making engine repalrs safter the day
operations and because of ths ¢ollision hazards involved.

The operations on 5 and &6 February will be referred
to as the first schnorchel session, and those of 12 and
13 Pobruary as the second schnorche] aession., The first
schnorchel ssasion consisted of ordinmary schnorchel
operations, and of three runs in which the loss of depth
control was similated. The second schnorchel session was
taken up with ordinary schnorchel operations throughout.
At this time also, determinations were made in regard to
the ability of the schnorchel to renew the air in the boat.

Fifty-six orew members were aboard ths submerine on
each run and provided the data on the effects of schnorehal
opsrations on personnel. All men were experienced sub-
mariners and were moat cooperative throughout the experiment.
They were well motivated and had the utmost confldencs in
their commanding officer, Lt. Comdr. Freundlieh, USNR,

The ears of all subjects wara examined by ane of tho
authors, Dr. Henry L. Haines, a qualified otologist, before
and after achnorchelliing operations, as well as at the snd
of the 5 day interval between achnorchel sessions 1 and 2.
Careful axmmination was made with both an otoacope and 8
nasopharyngoscope = the latter instrument providing a view
of the nasopharymx and Eustachean orifices.

In additien, tho men wers tested in the dry recom—
pression chamber of the Escape Training Tank at the Sub=
marine Base, New London, to ensure their ablility to take
pressure. They were subjected, in groups of 20 to 25 men,
to the 50-1b. pressure test, as routinely administered to
subrarine personnel at this activity. The pressure was
built up to 50 1lbs. in a period of fram 6 to 1C minutas,
depending om the trouble experienced by any individuals of

the group.
Recause pressure changes encountered were below the
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lower range of U. S. Navy standard barometers, readings
were made with two Kollsman airplane altimeters. Pressure
was recarded as feet of altitude, and later converted to
inches of mercury from a table derived from the repair
pamnl for these instruments (based on U. 9. Standard
Atmosphere). Two altimeters were used in order to check
one against the other, and no significant differences
cumulating were obsarved, the instruments reading to within
»03 in, Hg. at all times. Fressure was recorded as in,Hg.
rather than mm.Hg. as most engincering data are handled

in this way, and we were working in close coopsration with
the engineering officers and engineers from the Naval
Bnginesring Experimental Station, Annapolis, Maryland,

During ordimry schnorchel operations, wartime running
conditions were simulated insofar aa possible, that is, the
bead of the schnorchel was kept as low in the water as
possible in order to avoid detection. The course was laid
out so that the sutearine ran into the wind, downwind, and
at right angles to the direction of the wind, Fourchour
watches were stood in an effort to determine whether or not
the mintenance of constant schnorchel depth for long pericds
way feasible, The men not on watch worked, slept, ate, and
carried out their normal ahiphoard activities,

On _three oecasions, loss of depth control was simulated
at spproximately 1 meters. In the interests of safety, the
head of the schnarchel Wis kept just below the surface of
the water, At this depth the conditlons of loas of depth con-
trol ware not duplicated exactly in that the engine exhaust
pressure did not increase progressively. However, with
the engine apsed remaining constant, the atmospheric
pressure changes in the submarine and the rate of return
of pressure to normal upon surfacing, with engines still
running, would be the same as during actual loss of depth
ocontrol, and it was felt tLhat our operations approximated
the actual corditions closely encugh for a preliminary
study.

On the first attempt, a comparatively short dip was made,
Both engines ran at 2/3 speed (280 RPX), giving a speed of
about 5.2 knots, (n the second attempt, considerable more
variation in rressure wa: obtained; both engines ran at 1/3
speed (220 RPM), giving a speed of 4.8 knots. In the thind
dip, engine speed was again maintained at 2/3 speed (280 RPX).

-5-
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.During theae operations, air samples were taken in
the enginie ¥oom In evacuated 'Eﬁis—ﬁ::ko which were then
sealed with mercury. An is_ for carbon monaxide was
later conducted by the colorimetric techniqua. (%)

During the second achnorchel session, the mtches and
hull openings were secured evernight, thus hermetically
sealing the submarine. The CQZ content of the air mas
thereby allowed 4o build up far twelve hours. The next
morning, after diving on the electriec motors, schnorchel
operations were begun. Alr samples wers collectad in evacuated
glass flasis for later analysis with the Haldane gas mnalysis
apmratus. The samples were taken at intervals in the ward-
room, forward torpedo room and after torpedo roem simultanecusly,

RESULTS

3 t a8 of Depth trol:

,_1‘181!111 {llustrates the three dips simulating loms of
depth control. Ths occasional "jogs" noted in the graphs
were caused (a) during the period of decreasing pressure by
the head of the schnorchel popping out of the water and
opening momentarily, and (b) during the pericd of increasing
yressure by tie head valve being partially closed by inter-
mittent wave action.

Both engines ran at 2/3 spsed (280 RPN) in the first
and third operations, and at 1/3 speed (220 RPL) in the
second. Considering that the elight ddfference in rates of
pressure drop between runs #2 and 3 must be partially ex-
plained by the more frequent openings of the head valve in
run #2, it would appear that in the 4-cycls enginea at any
rate, the engine speed was a minur factor in determining
the rate of pressure drop in the boat. lNere observations
on an American submarine in this regard are of definite

importance 88 an aid in determining the most favorable pro-
cedure to be followed in the event of less of depth control.

In dip #2, the head valve was submerged for 4 minutes
LO seconds, befare a pressure of 18,73 in.Hg. waa reached.
This 1s equivalent to an altitude of 12,400 feet, ) At this
point the engines slowed down but,again, somewhat/Qif ferent
results would be expected on an American submarine. 1In
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dip #3, a minimum pressure of 19.79 in.Hg: was encountered
in 3 minutes, 50 seconds, the equivalent of an altitude cf
u’m f“t. ’

It 1s felt that a gpressure of 16.9 in.Hg., equi-
valent to sn altitude of 15,000 feet represents the safe
limit of pressure drops At this pressure, the haemoglobin
will be 77% saturated.(7) Az the pressure drops below this
figure, a rapidly increasing lncidence of unconsciousness

will be encountered, Thus, on the basis of data obtained
. _fyem indoctrimmtion work st the Yals A¢ it, at
_18,000 feet 15-mimite exposure results in an incidence of
uncos clousness o J¥ In untrained men, and an incidence of
«09% in men who have besn rreviously subjected to the low
Fessure coamber. 1he higher incidence of unconsciousness
in untrained men is explained on the baais of the psychic
trauua of the new axperience.” At a pressure equivalent
to an altitude of 26,000 feet, the oxygen content of the
blood falls below 7& saturation within one to two minutes.{8)
It should be noted that prolonged exposure, even at 15,000
feet altitude, results in a small but measurable decrement in
performance.. {9), (10).

During these attempts, there was a lowering of the
tempsrature in the submrine, and the air became foggy. As
the pressure dropped, the angine room filled with amoke and
{rritating fumes, until visibility in this space was reduced
t0o but A faw faat.. The ayes of the enginc room peraonnel
lachrimated excessively, further reducing visibility.
Considerable coughing and sneszing accompanied this,

The engines of the U-873 were 0ld and tadly in need of
overhaul, and, &8 they were L-~cycls MAN engines, no con—
elusive statement can be made to apply to an American fleet-
type submarine with 2-cycle engines in good condition.
However, in this experimsnt, 1t 1s felt that the fumes from
the englnes constituted the limiting factor, Had we actually
least depth control, with constantly increasing exhaust back-
pressure, the effect would have been much more proncunced.

" S W s GP W M we g e e W A

* Personal communicatioen from Dr, lLeslie F, Nims.
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Ne for engine fumes entering the subamrine, 1t is
balisved that greater pressure drops than experianced
here could be tolerated by submarine crews without danger.
It has been shown with amall L~cycle engines that,
although direct engine mdhaust normally contains less than
0.02%€ carbon monoxide, the concentration of carbon monoxide
rapidly increased as the air intake was reduced tomard the
stoichiometrio roquirement {1)). "hemn up to 14% exhsuast
gas was added to the intake air, the CO contant of the
sxhaust was two to five timps as great as with undiluted
fresh air intake (12). The possitdlity of obtaining taxie
concontrations of carbon aonaxide in the engine room during
loss of depth contrel hed therefors to be considered. Air
sesples wero taken at the times when conditions seamed most
cordusive to carban monoxide formation, 1.e., when the
barometric pressure was low, and the exhaust fumes were
thickest. Table I shows the concentrations of CO that wera
cbtalned.

TABLE 1.

g t CO_Obtained S ted Loss of
-Depth Control.

{Barometric Equivalent Carbon Monoxide , Time¥ of Exposure

Pressure Altitude Concentration | Necoosary for Tuxlc
Qg,gg,s “Sgggt) parts per 1000) | Symptoms to Appear |

22,8 _ L 7,500 Yo? 5 tes
. ! |
26,0 13750 b7 3 100 ninutes

——

s = |
Lo19.79 31,000 . 3,2 I 130 minutes

* Assuming the concentration of carben monaxide and the
equivalent altitude remained constant, time for carbon
monoxide haemoglobin concentration to reach 20%6.(13),(14)

It may be seen that several hours of exposure would be
necessary Y0 produce symptoms of carbon monaxide polisoning.

an g

However, in view of the extrefiely Ifritant character of
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the fumes at the times these samples wers taken, it is felt
that personnel would not be able to tolerate such atmos-
pheric conditions for periods of more than e few minutes
duration.

Of interest in regard to ear affects is the rete of
return of praasure to normal, averaging shout .03 in.Hg. per
second (0.76 mm.Hg./sec). It should be noted that in these
observations the engines continued to run after the schnorchel
head valve opened. In alongside-the~dock trials of the
U.S.S. SIRAGO, as reported in interim report No, 1 (5), it
was noted that when the head valve was opened after the
engine was shut off, the rate of pressurs return to mormal
wes %00 rapid to be measured with our equipment. Under
such circumstances the incidence of invelved oars would be
expected to be much greater. In the secord dip, the
schnorchel head protruded well abowe the surface of the
water after the "dip", and the pressure curve represents
the pressure return with the head valve open, with the exception
of the first 30 or LO seconds when the head valve was not com-
pletely open, In the third dip, on the othsr hand, war con-
ditions were more closely simlated in that the head valve was
close to the surface ul the water, and closed and opened
several times during the return of pressure t¢ normal., Con-
segusntly, the prossure curve 13 slightly distorted. These
are shown in Figure I.

Tables IIA and B represent the drop of pressure from
normal and the return of pressure to normal during the second dip,
while Tables III A and B present the same data for the thinrd dip.-

0 Schnorchel Operations:

It was found that judging from the effect on personfiel,
cne schnorchel run was much like another in its overwall
aspects, The pressure changes ware so gradual and well wiihin
the easily tolerable ranges that it was usually not necessary
to voluntarily clear the ears except at rare intervals, Dlain
was very infrequent; in the few cases where it did oceur, it
wss transiant and not severe.

Flipure IT {1llustrntes the tine intervals of opening and
closing of the schnorchel head on sors of the runs, as de-

termined by direst obeervation of the head valve through the
periscope, By operating at a depth slightly closer to the

!—9-
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TABLE IT.

As Prassure NDrop from Normal 8 ted
98 of Depth Control n #2,

“Pressure | Time | Rate of Decrease in |
Change ‘ (Se¢) ! Pressure in in.Hge./sec.*
in.Ha, |

r_..EQ_-_%ﬁ___l@ 2222
26 = 28 32 92
24 - 22 ldtﬁ_i 2460
22=-20 1 75 ! <0267 i

® MJogs", due to schnorchel head valve being too
near the surface, distort this section of curve,

B, of Pressure During Similated
Loss of Depth Control, 2
Prassure | Time . Rate of Increass in ?
Change (Sec) ' Pressure in in.Hg./sac. ¥ !
] "ho"?.; :
i 20-2 | 23 - 0870 i
23 - 0 +2000 ‘
124 ~ 26 2L . 0833
2628 | 35 0571 ;
L 2829 @ 3 20323 :

#+  The schnorchel head valve was rioct completely
open in the early part of this pmase of the
™an, hence the rate of pressure rise was not
as great during the first 30 seconds as it
might have otherwise been.
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TABLE 111.

Pressure Drop from Normal Dur S ted
Lo £ De \

Preasure | Tima - Rata of Decraass in

i Change (Sec) | Presaure in in.Hp./sec,
L @ | m aols
b = 24437 2054
-2z | W 055
2-20 | 48 L0417
B ing 3 tod
Loss of De ntrol .
Fressure | 1ime . Hate of Increase in
Change | (See) | Pressure in in,Hg./sec.*
|20 - 22 20,5 o a097%
: 22 27 JOThl
b= 26 ! L 20500
b= 281 57,5 el
__28-20 | go 40125 j

*# The rate of pressure incresse to normsl was

diminisched and st times distorted because the

hoad valve closed occasionally.  The effect

is espeocially marked as the pressure approsched
atmospheric. The rate of change in segments of

the curve not distorted Ly clusure of the head

valve 1n the range betwsen 28" and 29" is approxi-~
mately .03 in.Hg./sec., and is comparuble with Run #2,
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surface, the "open" intervals would bo consideradly longer, or
the schnorchel head valve would rsmain open, with the period of
closure, if any, of such shoert duration that no pressure changes
could be detected. The pressure changes in relation to the
opening and closing of the schnorchel head valve are shown in
Figurs II1I.

As regards the effect on the sars, the most significant
phase of the pressure changes encountered is the increase in
pressure. Under conditions of decreasing atmospheric pressure,
the middle ears will automatically "vent off" vis the Bustachian
tubes; under conditions of increasing stmospheric pressure,
voluntary efforts such as the valsalva manceuver (holding the
nose and blowing), or swmllowing, or yawning was in some
instances required,

During the return of pressure to normal during eimulated
loss of depth control, it was necessary for most of the
personnel to employ one of these manosuvers to clear the ears.
During ordinary schnorshelling, on the other hand, when the
head valve closed only occasionally, it was usually only

nesessary to clear one's ears on occaaion.

The intervals of opening and closing of the schuorchel
head valve have already been presented in Figure II. The
time for the intake flual valve to open, close, and open again
averaged 6-8 seconds. By running fairly deep, the head valve
would be closed, opsning aly occasionally for short intervals.
By operating at a depth somewhat closer to the surface, the
"open" period would become of longer duration, and occur with
greater frequency. By operating at a still more shallow depth,
the head valve would remain open almost constantly, with the
periods of closure of such short duration that no pressure
changes would reflect upon the altimeter, and the only evidence
of the fact that the head valve was closing would be the
"banging" that could be heard in the boat.

The baromstric pressure did not return to normal when the
head valve remained open tut instead there was a slight negative
pressure in the boat. The pressurs fluctuated slightly around
a mean which gradually fell or rose as the ratio of time closed
to time open increased or decreased. Longer periods of
closure, of frem 10 to 15 saconda' duration (as from faulty

-12-
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depth control®) eaused sufficiant pressurs change to be felt
in one’s ears. Then as the normal ratlio of time closed to
tine open was regained, the pressure alowly returned to its
previous level, perhaps necessitating voluntary "clearing” of
the oars in same individuals. lost of the perscnnel ex-
perienced no discomfort, the sensation of pressure ineguslity
in the ears umually being leas than osn be experisnced by
holding the noss and gently attempting to inhale,

A 3 the Boat:

In an effort to evaluats the ahility of schnorchel oper—
ations %o renew the air in the twat, the CO2 content of the
alr was allowed to bulld up by hermetically ssaling the sub-
marine overnight. The effect of schnorchelling upon 002
content in the various compartments is shown in Figure IV.

It can be sean that a few minutes of schnorchel operations
do not suffice to renew the air in the submarine as might
be dxpeeted from German claims (1), (2),

During schnorchelling the hull vantilation valve (Figure
V) was closed, the alr being drawn into the engine roecm and
circulatoed through the submmrine by means of the ship's
ventllation blowers. It was not posaidble to drsw air directly
from the schnorchel through the ventilaticn eystam decause a
cansiderable volume of water entered the schnorchel each time
the head valve cloved, The incoming air and wator were
admitted to the sngine room near the bulkhead, where the
water could drain directly into the bilges. Keeping in mind
the oocasional need for rapid renewal of air in the boat, the
ventilation system ¢f schnorchel-squipped submarines can no
doubt bo so decigned as to result in wvastly improved performance
along thia line,

Incidence of Aerotitis Media:

In estimating the amount and saverity of ear damage,

*  Faulty depth control might occur as the boat
becanc graduslly a little too heavy, from
hilge water shipped in through schnerchel
int.ake.

-3~
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we have used a modified form of the Teed gradation (15) of
the gravity of the symptome of aerotitis media, According
to this classification, & No, O ear is a perfectly nomal
eaar; & Nos 1 ear will show slight congestion of Shrapnellta
membrane and slong the pemubrium; a No. 2 ear shows very red
congestion of the entire tympanic membrane; a No. 3 ear has
in addition evidence of ruptured vesssls in the tympanic
membrane; and & No. 4 ear has extensive vascular rupture,
with free bleeding in the middle ear. In the case of the No.
1 ear, the effect is transitory, the congestion disappeering
in a fex hours, and it is felt that there is practically no
ear damage in such cases, a comparable picture being fre-
quently preduced by foreibly blowing ths nose,

For parposes of this study, therefore, No. 1 ear has
bean conaidered along with Ne., O, the norual ear, in the
group as indicative of ro ear damage from pressure variation.

In the case of Grade L ears, on the other hand, there
is actual tiseue disruption with bleeding in the middle ear
cavity., In Crade 3 sars there is also found sctusl vascular
damage in that there are ruptured blood vessels cbservable
in the tympanic membrane, apd it is not improbable that there
are also ruptured blood vesssls in other places in the inner
ear cavity. No. 2 ears show a severe hypersmia or congestion
of the tympanic membrane which persiste for a day or sc.

A line of distinction exists, then, between Grade 0 and 1
ears on the one hand, and Grades 2, 3 and L ears on the other,
This will be the basis for ear involvement used in the dis-
cussion of remlts unless otherwise specified. To demonatrate
the incidence of subjects showing the more severe pathological
changes, however, tabular presentation of results will inaluda
information using three criteria for btasis of difficulty:

l. Grades 2, 3 and 4 ears.
2. Orades 3 and 4 ears.
3. Crade 4 ears.

It is felt that extensive repetition of this trauma
would have an esvantunl deliterious effect upon the subjects.
Fowler has shown in his studies on pllots that "many pilots
with many hours flying in commercial fields have thick and
retyracted drums and more or less conduction deafness....
repaated barotrauma apparently tends to favor tLhe development
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of subacute and chrenic otitis medis (16). Ear damage of

this degree, when sustained in the pressure chasber, however,
does rot lead to permanent less of auditery souity tl‘?). It
should be noted that in schnorchel operations or aircraft
flight, tho pressure inequality in the innsr ear is brought on
by the return to atmospheric pressure whereas in the recom
pression chamber, the negative pressure in the lnner oar 1s
oqualised by the return to the surface, thus providing a form
of thmp".

In view of the conatant stretching and relaxing of the
tympanic membrane and the interossious ]ligaments, 1t cannot be
said with certainty that schnorchelling had no deleterious
effects even upon those ears which show no involveasnt whate-
soever, “hsther or not this constant stretching will have
any effect on a subject's ears after & long perlod of time can
only be determined by carsful cbeervations on subjects who heve
been expossd to schnorchel operations over a period of months

or years,

It should be bYorne in mind that one important difference
exints betwesn the conditions to which aviators ars aubjected
in relation to aerctitis media and that which submarine par—
sonnel face on a achnorchel-squipped submarine during a war
patrol. In the case where a flyer develops aerotitis medis
or other disease of the middle ear, he is usually grounded
for & pericd of time, thus rectifying the conditicn bdefore it
beccmes aggravated, For a sallor in & submerged submarine
oparating under schnorohel conditions, however, thore is ne
Teliel from the conatant pressurs variations, mo matter what
pothology axisto« Hence a case of serctitis media cannct tut
be adversely affected Ly the conastant pressure changes. If
there ias yupture of the drum and heallng is delayed to the
point here chrenic dralnage resulis, the possibilitvy of
pernanent damage is very likely. It may be nscessary to Con=
slder the feasibility of installing a pressure~pronf cam-
martuent in submarines for such personnel 88 are unable to
clear thelr ears for one reason or other during & war patrol.

ALl the subjects who had trouble did not show the same
degree of trouble in both ears. The data were assemblud by
subjects, using the worse of the two ears if both were in~
volved, or the bad ear if only one was involved,

Aks shown in Tiable IV, aproximataly 40% of the subjects
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showed marked hypersmia of the eardrum (this candition is
mresent in Grades 2, 3 amd L ears), whereas 30% had vascular
rupture in addition to the hyperemia (present in Crados 3
and 4 ears), and 16% exhidited thess changes, and free blood
in the middle ear cavity es well {Grado 4 cara),

TABLE IV
Percentage of Subiects with ved Ears,
" SESSION —BASYS OF DIFFIQULTY
] ! M
adoy , . ada3 4 Uradn

561640

2204 out of 56l 42,85%117 out of 56.30.36%9 out of 56'16.07

Although the pressure changes encountered in schnorchel
session #1 were much greater and more marked than in schnorchel
seasion #2, note that the serotitis figures correspond very
closely, However, th: same individuals did not necessarily
fall into tho same group in both sessions. For instance, a
peracn might have a Grade 4 ear in the first session and 2
Grade 2 in the sscond, or vice versa,

Of the fifty=six subjects on whom data were obtained
during thesa schnorchel eperations, thirty-two or S7.14% had
no ear involvement during either of the schnorchel sessions,
These obszrvations are too faw to permit any generalizatiuns,
but it appears from this that the presence or absence of ear
involvament in an Individual during one run would serve to
medlct the presence or absance of ear inwolvement in that in-
dividual during other schnorchel runs.

Effcct of Slueop During Schnorchelling:

In both schnorchal sessions, tha percentage of sleepers
who had involved ears was much greater than the percentage of
car involvemant found among subjects who stayed awage. Tables
V¥ 4,B and C present rusults in tabular form,
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A, DBasis of Difficulty : Gradss 2,) and 4 Zars.

| Total | Total, Mo, nd % Haying involved Kars, |
Sesaion ﬂm] p Sls

(. Awake

: T —
‘ < N, %LEZF ol E
| 3l n w i wiews | nlen

2 | 26 40 miears ! 13 13a50

B, Basis of Difficulty : Grades 3 and k Ears.

; . Total Tot.ali’ No, and & Havina i_ﬁvgfwag Kaps. |

} Snssinni Sleeping' Awake ;
' i

, R "R _ Wn $
139 7 nlee 6 %m.ag l
i , T .
2 2% 40 10!62.50 T A2:50

C. Basls of DIfficulty : Crade 4 Ears.

; Total  Total No, and % laving Inv-ived Zars.
Session: Sleeping Awske _ Sleepdng .. . _Audke .
i LNogi % . No, | 2

t

1l wloalaes s {pam

' | i
' 2 ' 16 40 &L 25,00 i 5 ' 1250
Effect of Cold ard Slnusitis on Sublects During Schnorchslline:

In hoth schnorchel semsions, the percentage of cold sufferer:s
(as determined by FNT examirmmtions) who had ear involvement was

17~
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approximately twice that of those who had no colds or sinus

trouble tut did have involvement of their ears during
schnorchelling. This is shown {n tabular form delow.

TABLE VI .

A, BPasis of Difrfimlty 3 Grades 2,3 and 4 Fars,

Session| "Mith | thout

1l ti0leesy B anias !
B. Basis of Diffialty : Crades 3 and L Zara.

| Total, Tota&l LN Ea {
Session | With | Withouy W i Wit _
Colda] Colds . No. .
+

Ll a5 L oul L7 W66 5 33 W

2135 | i 17 4666 [ 0 .39
C. Basis of Difficulty : Grade 4 Zars.

| . Total, Total
Seasion | With | Withou
Colds| Colds GNQ.
1 l 1
w] B
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Yalue £ Pregsurs Chashar in Predicting Performancas

It was expected that the pressurs chamber would serve
as an 284 in the selection of thess midbjects whe wuld en=
count.er sar inwlvesant during sshnerchel operstions, hence
the men were given the 50=-1b, tost in the dry reccmprsssion
chamber as deserided in the sectiaon on Frocedurs, Howwver,
in tihds purtioular taso, it did not seen thet the chamber
test was sucoessful in culling out those who would have
trouble during astual operationss All the nen teated were
able to pass the 50-1b. pressurs test, but on examination
after the tost, there were 6 who were found to have ear
involvement in the chamber, that is to say, md a Grade 2,
3 or b ear. OUhauber data are availabls on 46 of the 56
subjects used, Of the »ix men who had trowle in the
chagber, 3 imd troudle during sohnorchelling, and they had
difficulty during both sesxions, On the other hand, 16
men who had invojved sars during the first schnorchel session
and 17 who had involved ears during the second schnorchel
session passed the chamber test without Any evidence of ear

danage.

In this connection, however, it should be noted that
all ths subjects were axperienced submerine personnel, and
there were, therefore, no consistent chamber failures among
the group, All of the men hed urdergens previocus selection
and had taken the test at laast once previously, many of
them having taken it severa) times in the past, It is falt
likely that men who would fail consistently in the pressure
ohamber as evidenced by ear pain and inability to take the
50=1b. pressura test would very likely aloo exporience
difficulty sand probadbly pain during schnorchelling operations,
It would be valuable to run at some future time a group of
consistent tank fallures under schnorchel or simulated
sshnorehel operations te determine the value uf the chamber
sslection in this regard.

Further work regarding tie use of the recompression
chamber as a measurs of sclection of persennel for schnorchel
operations is necessary. It is felt that the first few
pounds of pressure administered are significant in the
seluctlon of candidates, and that mora rigid control of the
rate of adninistration of the first few paunds would result
in more satisfactory screening of candidates, Better results
might be obtained with a more rapid admindstration of pressure,
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in order that the reate of change of & volume of air might
spproach the rates of change encountersd under schnarchel
vonditions.

It must again be amphasiszed that two achnorchel seasions
do not yield sufficient data to pemit any positive statements,
but ssrve rather to show certain genersl trends, to focus
attention on preblems to which more specific amwers are
required ard on which a greater nuaber of chservations must
be made whatt the opportunity rresents iteelf.

SUMI"ARY AND CONCLUSIONS,

l¢ Preliminary studias were carried out upon the affects of
schnorchelling on submerine personnsl, Four days of schnorchel
operations, divided into two sessions a waek ammrt, wers
cbserved on the captured Germen submarine U=873, and the
offects thereof upmn 56 Amarican corew members were determined,
The short period of schnorchel operstions and the limited
mumber of mihjects, as wall as the differencea between this
submarine and those to which schnorchel might be adapted, pre-
vents any final, clearcut answers to the many problems
associated with schnarchel operstions, Close medical abser-
vation ard study are easontial dwing any further use of this
device,

2., Pressure variations were usually less than 1 in.Hg,
during ordinary schnorchel operations, and one soon became
accustomed to the constant pressure variations,

3. During simulated loss of depth control, the pressure
dro to 1845 in.Hg., (equivalent to an altitude of 12,400
feet) in a period of 4} minutes, The most rapid rise in
pressure recorded during the return of pressure to normal
was at the yate of 0,1 in.Hg,/sec,, the average rate being
approximately Q.03 in.Hg./sec.

4s On this submarine the limiting factor during simulated
loss of depth control was the presence of exhaust fumes in
the engine room, The highast carbon monaxide concentration
in the engine roam at these times was 4,7 parts per 10,000,
but the irritant character of the fumes was such that ex-
posure for mora than a short timea eould not he tolerated,

2 O
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S« LOS of the psrsonnsl developed aerotitis medis of
Orades 2, 3 or 4s» Crede L ears, with frees blaeding in the
middle ear, was present in 16% of the subjects, The same
incidence and sevarity of ear damage was ancountered in
ordinary schnorchel opsretions as in simulated losa of
depth control, During ordimary schnorehel oparations, how
aver, no min was associated with the damage, and there was
no apparent consclousnsss of it, whereas during simlated
loss of depth control, it was necessary to wluntarily cleer
the ears, and a faw of the men who had colds complasned of
aderste pein,

6. In these subjects, the presence or sbsence of aerotitis
madis during the first schnorohel nession was a good pre-
dictor of the presence or absence of aerotitis media during
the second schnorchs)l session. Administration of the roytine
50-1b, pressure test did not satisfactorily predict the
occurrance of aerotitis media during schnorchelling. In

this regard, more observations are nesessary to detemine
the need for changing the test procedurs in the seleotion of
pereonnel for achnorchel operstions,

7. A higher incidence of asrotitis media was encountered in
those personnel who slept during schnorchel operations (63%
as conpared to 29%) and in these who were suffering from
colds (66% as compared to 31%).

B. HNo nasusea, dizziness, or diarrhes were experienced by any
of the crew, although the effects had been ascrided to
schnorchelling by the Germans, (1), (2).

9. Schnorchel operations did not serve to rapidly renew the
air in the beat, as lmd been claimed hy Gaman [risoners of
war. (1)’ (2).
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