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4 SUMMARY AND CONCLUSIONS 

1. Medical observationr were made aboard USS 
M E H J A C K  during two period8 of rdarkellia8, one lasting 
fifty-five and one-half hour8 and the other forty hourr. 

to two inches of mercury, 
2. The fluctuation of pressure w m m  uruaily one 

3. Sleep waB undisturbed by rnorkelliag =der 
these conditions. Wakening pain and xtdaeia of ear drums 
were cauacd during one period when, at the request of the 
medical officer, maximal p*eaeure fluctuation we8 produced. 

4. Acrat i t ie  media w a ~  uncommon and the dew 
gret of inflammation was mild. 

5, 
adcquatr!. 

Ventilation of tbc boat during rnorkelliag waa 

6 .  O d y  limited prcdictiom caa be made con- 
cerning the effect of snorkelling on personnel, Eamt of the 
reasoas are: (a) the period of snorkelling was sbort, (b) the 
seas were relatively calm, (c rnorkcl?($g at dt garrtblc 
engine epmeda was not done, (d 1 after engine shut-down the 
prcarurc was not rapidly returned to atmospheric, end (e) 
the patency of ear and sinus paE848CII of AMBERJACK pcr- 
8 0 1 ~ ~ 1  may have been better or worse than fa perroanel of 
other s ubnrsriaer, 

7. Adequate evaluationmust be deferred until a 
time when the scope and duration of medical nbscrwtioae 
w i l l  not be limited by operational priorities, c.g. high speed 
eubmcrged r u n s ,  operations with radar search planes. 



. 
INTRODUCTION 

~a w h y  1945, Germra rutmwrriner with raorkelm be- 
came available to the U. S. Navy for rttrdg, Aa @ rsrult tbe 
3urema of Mtdlcinc and Surgery approved two projects 
which were formulated to mMy th4 tfftct on persenanel of 
snorkslliUg.  he title of the project r e r i g a d  to the Naval 
Medical Resesrch Iaatkttr was "Pbyrlo~oghl Eftrct O f  
Presmuro Glumgrr8 in Relation to Submarine Saork41 opera- 
tione", X-605 (Sub. No. 190 priaCip.1 bVe8tfgataP Lt. 

aurigrred to the Naval Medkal Rc8crrch Lborabrp warn 
* 'AcUmlnaryStudy of the meet Ot SmrkeW#omSubmarh 
Pcrronuel", X -606 (Sub, Na. I 3  1); principal invsrdgator 
t t .  Comdr, J. G. Bateman, (MC) USN. 

Comdr. R .  Haytet, (MC) U b; N, Thetltle of tbr project 

In September 1945, at ParCsmouth Naval ShippM, a 
temporary snorkel was iastalled on SUUGC) (SS-485). 8 
fleet type rubmarine. Dockmidm teat. *?e comducted b 
which the snorkel valve wa# cycled mmually.  Avacu\nn 
which caured hcffkicmt aporation of Lbe sn-r warn mot 
great enough to produce oxyfien k c k  in perrowmi. When 
exhaust prermura war iacteartd, there wai  blight hboerd 
leakage of exhaurt gar; saslyrir ofcompartment air reveal- 
ed only a trree of earboa mozLoxIdc. 

Marmsl cycling of the head valve produced greater 
fluctuatioa of prcsrura than would ordinarily have been em- 
sountesed during lrnorkat operations et I ta .  AS a, t88ult the 
incidence of aeratitir media waa Ugh; hOwevar,tlat idlam- 
matioa waa rarely uevere. 

fa November 1945,Dotto.tr Batarrurraad Hsytcr prc- 
prrrtd IL jaiat report titled "Obrcnratiom made durlrrg 
Simulated Snorkel Operation6 carried out at Portuarouth 
Nkyr Yard aboard the USS SfRAGO (SS485) on U, 12, and 13 
September 1945". 
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. 
U-875 - FEBRUARY 1946 

la Febmry 1946, mea trial8 were conducted on 
U-8f3, a Gcnnsn rubmihe  with 8 Rod-type 1~l0rk.1. Thc 
data were meager becaurc the rea war calm aad operationrl 
a d  mrrfntcaraca Uicu l t ie r  prevented can#nwu. rnorksl- 
ling, Aeratitir msdh war cornman but it waa urtully mild. 
The highert tn’cideac. Occurred among thoma who had coldr 
or rlspt du*g raorblling. 

Smoke filled tpa enwe roomwhen tba rxbawt prem - 
uurc WII rriecd by incrakriag the de* al rubme:rgsnca of 
ols rubmarine; the ex&urt liae aad Wrktrtr were ia a poar 
rhte  of rep&. When tbc rmolu became dcrrrc, the men fn 
the rtwm cou#laed violently rad comgdaimed of uorc 
*pea, The concentratlea of earborn monoxide irr #e engine 
room warn ra low tiat pohorripg would heve roquired 1u1 
exporure of at learnt buo to three hour*, Kt wa8 eoneluded 
that the limiting factor during rimulsted lass of depth E-- 
trol was the presw~ce of irritnting w h u a t  f-8 in the 
engine room. 

S h e  romeof the men whohad paered the 504b, re- 
comprerrioa -chembor admarine reltctiun tcrt developed 
aeretitir mcdh cm thc U-873, it appeared that the wual 
method af rdmhdstrrtios of the chsmbcrr tert hsd Mea un- 
rratirfactory for  r ~ ~ r k e l l l o g  8electfan. It was pointel a& 
tbat better results mi&t be obtain4 with a more rapid 
admiairttation of piemure, ia order that the rate might 
appranch the rate encountered during rmrksUin& Paren- 
tbeticrlly, one migbt addtbrt in order to obtain suitable men 
for raorkel boat., it arsy be neccrrary to adopt a &amber 
selection policy tbat would be rtrtcter then tbe policy that 
was neccomrry during wartfmt when may mcnwetc needed 
for the rapfdly expanding rubmarine fleet rad fluctuation of 
prcsmurs in the boat8 arac inti@fioant. 

h~ OCtObet 1946, Ptojrct NO. Xc6db (Sub. NO. 131) 
was terminated rad the Bureau of Mcdislfne and Surgery 
approved Project No, X-753  (Sub. No, 1561, subsequently 
numbered NM-002-069. Since the EhlT rpecialiot, Doctor 
H. L, )iaincr, had returned to civilian practice, ha we@ 
employed d e r  a Petlrorul Service Cantrmct ta arricrt i za  
the new project, 
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IJA anuary 1947, the f i M 1  report 0% Project X-606 
wes publi L It runmarisad the Wormationobtained from 
h t e r V h W 8  4th Gurman priroacrruld from *xperirncntr om 
SIRAGO end prerenttd in dchil the data obtained oa U-873, 

Ia March 1947, Doctor BItcmaP war rele.red from 
the Naval Service, Doctor Haytet wan derigaated principal 
investigator of X-753 a d  warn tranrfemd from NMRl to 
the Staff of Cow%abLsnt to study the mccdicai sapectr of 
raorkelliqg. 

!REX - M A Y  1947 

In April and May 1947, dockride and uadtrway tdrtr 
were conducted on VSS XlU?,X (SS-482). Durhg dockrlde 
tests the rnorkel head-valve waa cycled once a minute by 
mean8 of n rnechnisrn actwtsd with high-priesmure air and 
controlled by a hand rwitch. An automatic vacuum cut-out 
safety device #topped the engine8 whea the pressure in the 
boat was redwed to 23 in. Wg. Thir prersure was marc or 
lesr  arbitrarily chorea as  oae/harmful to personnel or 
enainc I. F ai 

The time required to reach 23 ia. depended on the 
number eftagincs in operation, the engine rpesd and the 
timing of t&m cycle., For example, nben OM onghu run at 
550 RPM, one-minute cycle$ of hesd-valve open 10 fieconch 
and rhut 50 seconds caused the prersurrc in the boat to drop 
to 23 in. in five mintltcs; but when twa engine@ ran at f20  
RPM, epclte of 35 seconds open rad 25 fitcord8 8hUt Caused 
the pressure to drop to 23 in. in two and ooc-hdf minuter. 

The coacentratiwr of carbon manoddc Md carbon 
dioxide in thc cngtnc room was measured during period6 in 
which the exbunt pressure was iacresacd by partly closing 
the rnorkef sxh.ust valve. The concentration of carbon 
monoxide war always less than 0.001 perctnt. The highest 
concentration of carbon dioxide was 0.6 percent, 

Uuringundcrway teltb, the lowest pnrsore(t5.f in.) 
was reached when two enginer were rurraing et 720 RPM and 
the sea was condition four. The teats were interrupted to 
permit alteration of the snorkel installation. 

-4 - 



In Augumt. LREX operated with 8 8 m C h  p&JWr in tbc 
Key W e i t  area. The rmhue d the opra#oar d materiel 
f d u r o r  precluded satinkctory W e a l  oboe~tlrtlonm. 

AMBERJACK OPERATOOW DATA 

US$ AMBERJlrCK (SS-522) r ~ r k ~ l l ~ d  fifty-fiv. m d  
me-halthours from l b t o  18November and fortyburr from 
19 to 21 Nwember 1947. During htkr period lmrkd- 
ling was interrupted once for a# and oae-hall hour and 
another time for Sow hour.. C s r b b  periods duriag which 
the engtner obtained air from the rnorkd nam not included 
in the tfme #Wen above, becaore for operatioorf rmaronm 
the bwt WE$ held at a de whkh kopt tbc raorkal head- 

durhg the dgbt of 20 November, the depth wa8 dmcrcased 
in order to permit grcater exporum ob the radar mrt; a41 
a result fh4preu~ure did aot vary. dace tbe bcrrd-valvs w.8 

During moat of the opratima, tha rtrrrrkel induction 
m e t  was h tho intermedfa~ polhion. Th. k e d  depth waa 
uruaUy 57to 59 feet. The sea coaditioa war usually two and 
occarlonally one to three. Prapulrioa who obtaiwd froan 
one engine at 550R?M: when twoeaIJtae8 were in operation, 
the speed waa 700 R P M .  

MIve well above thr m8c r od tb. wbvei. For ersmplt, 

C O l b 6 k l l f l y  Own, 

The praraure fhetwtion waa t a r d y  not snore thur 
1 or 2 in. becauac (a) the -1 were relatively calm; (b) 
only nne en&e was r d a g  durLtrg m e a t  of the opcrratlon; 
and (e) the planermanbefag inexperienced, the divina officer 
tried to keep the boat at a depth that allowed oaly brlrl in- 
frequent submergence of UIC hssd-valve. 

The maximum vacuum occurred during 1088 of depth 
control (crubmergbnce of hcsd vulvc). During p b r c  0 ~ 1 4  of 
tbc operation(l6-18 Nov.),tbc maximum pf886Uft reduction 
waa 2.5 fn,Hg., which i b  equivaleatto an altStudc of 2400 ft. 
During phase two (19-21 Nov,) the maadmwn reduction warn 
b.4 Ln. Hs., (6,400 it). TM8 W 8 8  rcaCbad W b n  the h 8  of 
depth control lartcd ion8 ea6u@ to cuwc atopping of the 
engines by the M C U U ~  cut-out device, which was adjurted 
to be activated at 23.5 in, Ha, 
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AEROTITPS MEDIA 

Tbe a&?$ of the eighty perrons abaard were axamhcd 
witb aa otoecopa oil 18 November, at the *ad of tbe first 
period of CmorkeXlkrg, Only five men bad inflamed tymprnic: 
rncmbrrrlrer and the inflammation wca minimal. Of the five, 

trahiqaad had not yet cmplrted a course af rrdtum 
therapy #vea to improve middle-ear qmWation. During 
the firrt period, rverymrc including t&e i h e  men w i f i  aetre- 

Duxina tbs last four hourr af the raccmd period of 
snorkelling, t&a dcpul waa &Id at 59 to 61 fed in ordor to 
ebtain the greuter pressure fluctuatioa tht occwi durin 

hours of &e four-hour period, h o  calpinss sui  at 700 RPM, 
and during one rad o m - h U  hour., engine raa at 550 
RPM. burhg the &re four-hour period, tho fluctuations 
8~eTaged 2 to 3 in, Ha, and &he en*(#) lllhot down four 
time, as b result of 6 drop of &e boat preururc to approxi- 
mately 24 in. Wg. 

When the proper depth waa ragshed dtsr en cnglnc 
rhut-down, the pressure ia the boat waa aradurlly restored 
ta atmorpheric by manu41 cycllog Ox rtra bad-valve, The 
prrrrure returned to atmeupbcric in about three minuter 
iastecrd of one minut+, the time of return when the bead- 
valve i s  left open. 

Fourteen attwenty-twomen sl+ep&~dtrrrinp the four- 
bow period were awrkqned by discomfort b the cram but 
eight rlapt sadly. The pressure fluctuation did not affect 
deep dum8 the remainder of the rrecond (40 hr.) period of 
snorkelling, 

~ W O  h d  C O M ~  otw hsd b d  ear p 8 h  ~ l u ~ i a g  E8C.W Ta4k 

titi8 mrdt., rlept 80uncuy. 

frcqwnt closing of the head valve, During hrvo and one- J 

At the and of the second period, all the men were re - 
examined with the otoscope, Sevea had ear8 whore druma 
were red. The rednees waa rli&tly greater than during the 
first period and, 8s might be expected, the degree of dis- 
comfort war correspondingly graatct. Only two of mea 
h d  eat  hvohrnent durbrg bath prioda d Ba13Pkdlhg and 
a0 one had sinus pain during dthar period. ft ir probable 



. .  

that had rate of fncrcrro of prelaw. dkr ea*s .hut- 
down been uacontmlled, the incidence mid reverity of amre- 
t i t l o  mediar 1#rHcJarly among thore rlespfa8, would bsrc 
been greater. 

FATlGUE OF ,9LANESMEN AND P m I C O P E  OFFIC-, 

Vantlhtiorr ob the rhip during raorLulllrp -0 
adequate. Ilteoltm obtcrbd by maarurcnunt of the dry &ad 
wet bulb tcmp.trhur8 with a prycbsometer coldtmed tbe 
f t d h 8  Of CtXllfoTt, A tVpi-1 t-diag h tbc rmm 
wai: D.8, 76, W.b. 62, Rei, XrPrJdity, 45. bother  iadi&a- 
ttm of the adequacy of the retilation was the f iadfag of only 
0.3 percent c a r h  dloxide 3n the caaalng t0#Ier,a coonprrt- 
mcnt in whkh then i 6  little change of air. 

There were no engine cubaurt garer fa the compart- 
ment of the AMBE ACK; i ts  snorkel cxbaurt duct vented 
above the nurfece 2 the water. 
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